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ABSTRACT

On March 26, 1999, the Waste I solation Pilot Plant (WIPP) recelved its first shipment of
transuranic (TRU) waste and on November 26, 1999, the Hazardous Waste Facility
Permit (HWFP) to receive mixed waste at the Waste |solation Pilot Plant (WIPP), issued
by the New Mexico Environment Department, became effective. Facilitating and
supporting the disposal of TRU waste became one of the mgjor chalenges and
opportunities for the Department of Energy’s (DOE) Environmental Management (EM)
Office of Science and Technology (OST). In August 2000, the Transuranic and Mixed
Waste Focus (TMFA) was chartered by the Assistant Secretary for Environmentd
Management to be co-managed by the DOE’ s Carlsbad Field Office (CBFO) and the
Idaho Operations Office (ID). (1) The new Focus Areawill not only maintain support for
the mixed low-level waste (LLW) program, but aso will enhance the OST’ s support for
the TRU waste program in meeting the challenges of optimizing the TRU waste system.

After WIPP began receiving waste, it was evident thet, at the rate at which TRU waste
was being shipped to and received a WIPP, the facility was not being used to its fulll
potentia, nor would it be unless changes were made. The TRU Waste System needed to
be optimized and the newly chartered TMFA is one of the vehicles by which that
optimization will occur.

INTRODUCTION AND BACKGROUND

During 1999, the WIPP achieved two sgnificant milestones. The WIPP opened for the
permanent disposa of TRU waste resulting from weapons research and production on
March 26, 1999; and on November 26, 1999 the HWPF became effective. The WIPP's
opening represented the resolution of a number of scientific, engineering, regulatory, and
political issues, but was only the first step in anew set of chalenges. The requirements

of the permit had to be met and TRU waste had to be characterized and certified
according to that permit. The result of these requirements was that the number of TRU
waste shipments was far below WIPP s design capability. Asaresult, two magor
activitieswereinitiated by CBFO: the “ Re-engineering Effort to Fill the Fipeline to

WIPP’ and modifying, through proper channels, the HWFP for efficiency and greater
throughput. In the meantime, the Nationa Academy of Sciences (NAS) WIPP Pand had
undertaken a study to evauate the WIPP s characterization and transportation systems.

In 1997, the CBFO (the then Carlsbad Area Office) Manager requested that the NAS
consder how to assess the performance of WIPP in isolating waste from the
environment. Further, the pand was asked to report on the basic minimal requirements
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and procedures that should be applied to waste management operations. The NAS has
recently published its interim report, “I mproving Operations and Long-Term Safety of the
Waste | solation Plant,” duefor find publication in 2001.

The TRU Waste System must be managed as an integrated system among the various
DOE TRU waste sites and the WIPP operation. Complex administrative and regulatory
requirements for characterization, transportation, and disposal of TRU waste &t WIPP are
exceptionaly costly and onerous to implement.  Often these requiremernts lead to
unnecessarily long and inefficient waste handling operations that in turn lead to added

risk to workers from exposure to radioactive materias without any commensurate
decreaseinrisk. The TRU Waste Optimization Project (the Project) has been established
to find, develop, and implement cost-effective system optimization Srategies that will
addresstheseissues.  For the Project, plans are being prepared that describe the strategy
and the implementation of actions being taken or to be taken thet resulted from the
recommendations of the Re-engineering Effort, the NAS WIPP Pand’ s interim report,
and the systems enginearing andysis that will fill the pipelineto WIPP in a sefe,

efficient, and cogt-effective manner. Also taken into account for the optimization isa
systems engineering andyss of technology needs that was initiated by CBFO in the

spring of 2000 to identify technology gaps in the characterization, transportation, and
disposa of TRU waste and to identify and prioritize technology solutions.

Asaresult of the chartering of the TMFA, CBFO are Partnersin the TMFA for Program
Direction, Program Integration and Communicetion, Material Handling and
Characterization Product Line Manager, the Non-Therma Treatment Product Line
Manager, and Work Package Managers for the two Product Lines. The Partners are the
Project’slink to the TMFA.

TRUWASTE SYSTEM OPTIMIZATION PROJECT

Three mgor areas must be optimized to alow WIPP to operate at its full potential. These
aress are in line with the problem areas dready identified by the TMFA. They are: 1)
characterization of TRU waste, 2) transportation of TRU waste, and 3) disposa of TRU
wagte at WIPP. The approach of the optimization project isto focus efforts to optimize
characterization, trangportation, and disposal operations by planning and implementing
System operationa improvements or adminigrative change, technology implementation,
new technology research and development activities, and efforts to achieve regulatory
relief.

The Project is being implemented in three phases. Phase | addresses activities that
immediately positively impact filling the TRU waste disposd pipeline during the first one
to two years of the Project. The importance of filling the pipdineis driven by DOE’s
commitment to close RFETS on an accd erated schedule, and DOE' s Settlement
Agreement with the State of 1daho. The andyss of technology needsto fill the pipeline
to WIPP, keep it full in an expeditious and cogt- effective manner is a continuous process.
Technology needsidentified by the TRU waste Sites through their Site Technology
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Coordination Groups (STCGs) are the bases for the problems described by the TMFA.
Phase | activities that will involve the TMFA include:

| dentifying activities that will have an immediate impact on the TRU waste system’s
ability to ship waste to WIPP a higher rates. These activitieswill focus on increasing
TRU waste shipments to the WIPP waste recei pt design capacity of 17 CH TRU
wadte shipments per week and sx RH TRU waste shipments per week.

Deploying mobile characterization systems (initial stage of the Centrdized
Characterization Facility (CCF) Project at WIPP) to TRU waste Sites to expedite
wadgte characterization and increase shipments toward the design receipt capacity of
WIPP, aswdll asto support the closure of smal quantity sites (SQSs). Thefaaility
will initidly be used to accelerate closure of SQSs by campaigning waste from their
repective facilities. 1t will later evolve to help large TRU waste siteswith
confirmation digoosa characterization activities to enable them to meet compliance
orders and State' s agreements.

Identifying (through the STCGs) and prioritizing technology development and
science needs.

Research and development for anew technology may take three to five years to develop
to the point of demondtration and deployment. Since Phase | covers gpproximately two
years, it is assumed that no new technologies will be developed through the TMFA, but
there could be deployment of existing new technologies, usng EM-50 programs, e.g., the
Accelerated Site Technology Deployment Program.

Phase |1 further addresses optimization of the TRU waste system after the Phase |
objective of filling the pipeline has been achieved. This phase dedls with longer-term
needs related to TRU waste disposa and evauation of changes to the system to make it
more efficient and cogt effective. The focus will be on technology development and
deployment while completing the implementation of adminigtrative and regulatory
changes. A system mode will be used to test the proposed changes to ensure it does not
compete with other suggested changes and to ensure that the appropriate scopeis
encompassed. TMFA involvement with activities in Phase |1 include:

Assging with new needed technologies for the CCF Project.

Continudly evauating the longer-term needs (>2 years) for the TRU waste system
and focusing on changes that make the systlem more efficient and more cost effective.
Coordinating administrative/operationd efficiencies and regulatory changes with
technology development and deployment. Technology will be used to resolve
specific needs, reduce operating costs, or as an interim measure to provide atechnica
bass for implementing regulatory change.

Phase |11 provides for alonger-range vison of expanding the misson of WIPP to help
s0lve waste management problems of national importance beyond the TRU waste
management issues of the current misson (e.g., non-defense sealed sources).
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NEW TECHNOLOGY DEVELOPMENT

The TMFA will work closdly with the Project so that needed technologies will be
available when they arerequired. Also, the TMFA will asss the Project in deploying
useful developed technologies that will help to optimize the TRU waste system
effidently and cost effectively.

The initid technology needs identified through the Re-engineering Effort, the NAS WIPP
Panel and the systems engineering process to optimize the TRU wadte system are listed
below and have been grouped according to characterization, transportation, and disposal
headings.

Characterization

TRU waste Sites characterize wastes using a combination of acceptable knowledge,
destructive analyses, and nondestructive anadyses. Acceptable knowledge on the stored
waste streams may not provide the detailed data needed to meet current WIPP
characterization requirements. Destructive anayses require opening and drawing
multiple samples from each container. Thisincreases exposure risks to workers and the
environment, and is dow, expensive, and generates secondary waste streams. The
TMFA'’s objective isto improve end-users capability to nondestructively examine and
assay containerized waste for radioactive and hazardous components. (2) Identified
characterization needs include:

Automated Data Review and Vaidation

An dectronic data reporting system is needed that will generate WIPP-compliant

characterization data packages and aso autometicaly review, verify, vadidate and

reconcile the data qudity objectives, quality assurance objectives, qudity control

criteria, and cdibration requirements. The system should aso proved the

capability to upload required information into the WIPP Waste Information

System. Such asystem will sgnificantly reduce the cost of generating those data

packages needed to certify waste for WIPP and will allow Stesto ship waste at

higher rates than those currently achievable. An automated data review and

vaidation capability will dlow this process to be performed quicker and more

accuratdy than if performed by a person aided by only a spreadsheset (current

practice at most Sites).

Centralized TRU Waste Characterization Facility Equipment Development

A Centrdized Characterization Facility (CCF) located at WIPP isneeded asa
solution to perform disposal characterization activities on TRU waste from small
quantity sites (SQSs). The basdline plan to conduct complete characterization of
TRU wadte a the individud SQSisinefficient and extremdy costly. SQSsdo
not have the infrastructure to meet the WIPP characterization requirements for
certification. The CCF concept will require development and deployment of new
or improved characterization technologies to optimize the process. Examples of
some additiona needs are advanced nondestructive assay (NDA) techniques,
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advanced nondestructive examination (NDE) techniques, or dternativesto visua
examinaion (VE).

NDA for Ten Drum Overpack (also regulatory)
The Ten Drum Overpack is currently the largest CH certified container for
shipping to WIPP. However, its usefulnessis limited because NDA capability for
the ten-drum overpack has not been established. Direct packaging providesthe
opportunity for oversize materials and bulk packaging of up to 20 drum
equivaentsin one container.

Develop NDE techniques to andlyze shidlded and remote-handled (RH) drums (High

Intensty redl-time radiography (RTR)) for RH and shielded (lead-lined drums)
The need isto devel op a non-destructive examination system, which can provide
the high penetrating power required to interrogate both CH packages and RH
shielded packages. Visud examination and repackaging of wastes with high
radiation fidlds is extremely labor intensive with associated increases in worker
radiation exposure. For example, CH waste drums containing large amounts of
americium are lead-lined in order to reduce exposure. Accordingly, current RTR
techniques cannot analyze the content of the lead-lined drums.  Smilarly, RH
waste insarts and casks are too thick for conventional RTR andysis and high
radiation levels may further complicate interrogation.

Mobile trestment of free liquidsin dudges, debris and liquid TRU wastes
Thereis aneed to develop amobile trestment process to treet free liquidsin
dudges, detris, and liquid TRU wastes. A sgnificant portion of dudge wastes at
Sites cannot be transported or disposed of at WIPP because they contain free
liquids. TRU waste should contain as little resdud liquid as reasonable but must
not exceed 1% volume of the waste container. Mogt sSites within the DOE-EM
Complex lack amethod for removing waste dudges from a drum in order to add
absorbent to take up the free liquid. Because of various redtrictions on the Sites as
well asthe cost and time to build a dedicated facility at each gpplicable Site, a
mobile trestment process is needed to perform the operations required to solidify
freeliquids.

Mobile Trestment system for flammable volatile organic compounds (VOCs) in TRU

Waste
A mobile treatment process is needed that can remove VOCs viathermd
desorption processes. Waste containing VOCs which have a combined vapor
concentration exceeding 500 parts per million (ppm) cannot be shipped to WIPP.
Thereisavery large fraction of TRU waste in the DOE-EM Complex that is
currently stored and contains significant quantities of flammable VOCs. Mogt of
the Steslist asgnificant fraction of their total TRU waste streams as probably
containing VOCs. Mohile trestment by this method can be achieved without
having to repackage the waste after treatment.

Mobile treatment process for “characteristic’ hazardous TRU waste
Waste destined for WIPP cannot be hazardous in that it must not be ignitable,
corrosve, and chemicaly reactive. Mogt of the sites within the DOE/EM
complex cannot treet wastes to eliminate hazardous characteristics. Thereisa
need to design, develop, and construct mobile treatment processes that can
remove waste from a drum, neutrdize any corrosive materids, and stabilize any
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ignitable and reactive materids by encapsulating the material in an inert materid
such as cement, and then be able to repackage the stabilized waste.

Headqaace Gas Andysis Improvements
A amplified a-drum andyss technique with automated data management is
needed. The WIPP Waste Andysis Plan for CH waste contains a number of
precriptive sampling and anaysis requirements for head space gas that do not
contribute to meeting the required Quality Assurance Objectives. These
unnecessary requirements significantly increase the cost and time required for
sampling and analysis with resulting increases in worker radiation exposure (an
as-low-as-reasonably achievable (ALARA) issue) without significantly lowering
risksfor digposa a WIPP. Accordingly, dternative headspace gas sample
extraction or collection devices with documented performance equivaent to
methods currently in use are needed.

Cargo container counter for screening D& D materids before dismantlement
A sedand-type container counter needs to be developed which will provide much
lower limits of detection than have been achieved to date. Demalition of buildings
a various DOE/EM siteswill generate large volumes of wadtes (including TRU
and low-level). Some of these wastes are to be sent to various Sites for disposal
depending on the leve of radioactivity and whether it is mixed waste. When the
radioactivity leve is beow the regulatory leve, the rubble can be l€eft in place or
reused for landfill. Therefore, characterization of this D& D waste to satisfy
disposd ste waste acceptance criteriaand to alow for the sdection of the least
costly approach for disposal has the potentia for large cost savings and reduction
of worker risk. Sedand-type containers are good candidates for this application.
However, NDA counters for cargo containers (8' x 8 x 20') do not exist.

Mobile treatment of difficult or orphan wastes
Thereis aneed to develop approaches for treating waste streams a TRU waste
stesthat do not have a path forward for disposal, as they cannot be disposed at
WIPP. The two most important waste streamsiin this “orphan” category are
wastes containing between 10 nanocuries per gram (nCi/g) and 100 nCi/g
plutonium (Pu), and the Pu rich materid, i.e. greater than 200 grams per drum or
in some cases impure Pu oxide. Blending these two waste streams generates
transuranic waste with a viable disposition path from two orphan waste streams.

Improved techniques for Resource Conservation and Recovery Act (RCRA) metas

determination
Evduate characterization techniques to sample RCRA metdsin homogeneous
waste. Rapid sampling and anayss techniques for RCRA metds are required
that will alow an operator to obtain near real-time data on RCRA meta
contaminants in dudge and other homogeneous waste streams.  The current
techniques for sampling RCRA metds in homogeneous wastes are expensive and
difficult to perform. The current technique involves obtaining a core sample from
the TRU waste drum and then performing the gppropriate chemica anayss.
Other techniques should be evaluated to provide this rgpid sampling and andysis.

Gate Sysem for TRU and LLW
Segregation methods for separating TRU waste and low-level waste are needed.
Thereis no uniform set of standards for segregating these wastes, which hasled
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Sites to create waste categories for which there are no clear disposition paths.
Standardized methods with prescribed precision and accuracy are needed to dlow
for accurate waste type segregation.

Supercompaction of TRU waste drums
By supercompacting TRU waste drums, more drums can be loaded into a Type A
container for shipment to WIPP.

Trangportation

The Nuclear Regulatory Commission (NRC) has imposed flammable gas concentration
limit on TRU waste transported using the TRUPACT-I1, HAfPACT and RH 72-B
shipping casks, to minimize the potentia for loss of containment during trangport. Two
primary limitsimposed by the NRC on the shipping payload are: 1) the concentration of
flammable gases (i.e., hydrogen and methane), must not exceed 5 percent (by volume),
and 2) the gas phase concentration of flammable volatile organic compounds (VOCs)
must be less than 0.05 percent (500 ppm). These limits must be complied with for the 60-
day shipping period. Two options are available to sites for solving this problem: gas
generdion testing on each drum and waste form modification via repackaging and/or
treatment. The TMFA objective is to expand the waste payload envelope of transuranic
waste transported to WIPP for disposal. Transportation needs include:

Reduction of Inner Layers of Confinement
A technology is needed to rupture al the waste-containing bagswithina TRU
waste drum. A technology that will reduce the layers of confinement will largely
eliminate the need to re-package and/or treat waste to meet TRUPACT-I11 wattage
limits and more waste can be shipped to WIPP.

Mobllesystem for RH canigter loading
Many RH-TRU waste sites need equipment capable of loading and characterizing
RH-TRU wagte. This proposed technology development activity involvesthe
development of amobile system of specidized equipment to perform efficient
and cogt effective packaging of high activity waste in gpproved RH-TRU
canigers. This mobile syssem must be cgpable of performing al of the packaging
and characterization operations on the canistersin ether ahorizonta or verticd
position in gppropriate facilities at the various Sites. The resultant packaged
canisters will then be acceptable for shipment to the WIPP.

Shielded Package for RH-TRU waste (Packaging options for RH in CH containers)
A shidlded packageis needed for RH TRU waste.  Thereis currently no way to
ensure tha dl of the RH-TRU waste can be disposed of in the room walls prior to
CH emplacement at the current projected CH emplacement rate. To do thisitis
necessary to have Type A packages that may be used to shidd RH waste so it can
be handled as CH waste. Alternative RH-TRU waste transportation packages
may be required to accel erate shipments of wastesto WIPP in TRUPACT-I1I'sand
to maximize the RH disposa capacity at WIPP.

Improved transportation packages to accommodate waste that is either too large to be

shipped or has identified barriers to be shipped
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Needs that have been identified that require scientific investigation include:

Drum corroson mitigeation

- Thereisaneed for adevelopment of a method to mitigate the corrosion that
occurs in wagte containing high concentrations of VOCs from hydrochloric acid
gas generated from the radiolysis of the VOCs. Corrosion could be mitigated
through therma desorption, in-drum adsorption of acid vapors generated by
radiolyss, by coating waste drums with amaterid inert to acid vapor attack, or by
some other passivation technique.

Gas generdtion science

- Thereiscurrently no cost-effective method for shipping high-activity Pu-238
waste to WIPP in the TRUPACT-II due to generation of hydrogen gas during
trangport. Hydrogen gas is generated in Pu-238 CH-TRU wadte viaradiolyss of
paper, plagtic, and water contained within waste drums. The scientific bass for
understanding hydrogen gas generation in Pu-238-containing wastes is not well
understood. Gas generation testing of Pu-238 wastes is needed in order to
undergtand the hydrogen generation rate over time. A detailed chemica modd
that can accurately predict hydrogen generation rates needs to be devel oped.
Messured gas generation rates should then be correlated with the gas generation
rates predicted by the moddl.

A second areaof study involving gas generation issues in trangportation is the use
of hydrogen getters to sorb the hydrogen. Research on getters for usein the
TRUPACT-I1I has been ongoing for sometime. A decison must be made on the
best getter available for use within the TRUPACT-I1. A technicd evauation of
available getter materids must be made to define an effective getter. Thiswill
lead to arecommendation as to whether getters should be implemented or their
further development discontinued.

Disposal

The optimization of the disposal process will be handled mainly through adminigtrative

and regulatory modifications for the WIPP facility. However, robotics may help to
optimize the digposa operations at WIPP, but there are no technology needs identified for
disposd at thistime.

Needs devel oped through the TRU optimization process have been prioritized and will be
fed to the TRU and Mixed Waste Focus Area (TMFA) by the Carlsbad Fidd Office Site
Technology and Coordination Group, to continue with the process. The TRU Waste
Optimization Project will work closdy with the TMFA to track that high-priority
technology development needs to more cost effectively and efficiently optimize the TRU
waste system.

Over thelife of the Project, funding for technology development and R&D could come
from avariety of sourcesincluding the Nationd TRU Program, TRU wadte Stes, and the
TMFA. The source of funding will depend largely on the time frame for the work. In
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most cases, work that must be done within the first two years of the Project will probably
be funded by the Nationd TRU Program through the DOE CBFO, or by a Ste that would
directly benefit from deployment of atechnology. Funding for technology needs that
extend beyond the first two years of the Project will be sought through the TMFA.

CONCLUSION

The opening of WIPP in March 1999 for the disposal of TRU waste offered both
opportunities and chalenges to the DOE-EM Cleanup Program, technology devel opers,
and users. The establishment of the TMFA is one of the EM efforts to respond to those
new challenges and opportunities. The mission of the TMFA isto develop, demongtrate,
and deploy technologies to manage and digpose of TRU (mixed and non-mixed) and
mixed LLW across the complex.

The overarching need for technology development for TRU optimization is to ensure that
technologies are available to efficiently and cost effectively hdp fill the TRU waste
pipeline to WIPP. As such, the recommended technology investments for the Project
necessarily span the gap from basic science to deployment of new technologies. The
enhanced support for the TRU Waste Program from the TMFA helpsthe CBFO in the
optimization of the TRU waste system. This support alows CBFO to expeditioudy fill
the pipeline to WIPP by developing new technologies that will have asgnificant,
positive impact on the ability of the TRU waste complex to generate, ship, and dispose
waste, and achieve economies, efficiencies, and optimization by deploying new

technol ogies throughout the complex. In summary, the TMFA playsalarge part in the
optimization of the TRU Waste System.
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