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WORKSHOP PURPOSE...

TO FOSTER COMMUNICATION WITHIN THE TECHNICAL COMMUNITY ON
ISSUES SURROUNDING STABILIZATION AND IMMOBILIZATION OF THE DEPARTMENT’S

SURPLUS PLUTONIUM AND PLUTONIUM-CONTAMINATED WASTES.

WORKSHOP OBJECTIVES...

TO BUILD A COMMON UNDERSTANDING OF THE PERFORMANCE, ECONOMICS

AND MATURITY OF STABILIZATION AND IMMOBILIZATION TECHNOLOGIES...

TO PROVIDE A SYSTEM PERSPECTIVE ON STABILIZATION AND IMMOBILIZATION

TECHNOLOGY OPTIONS...

TO ADDRESS THE TECHNICAL ISSUES ASSOCIATED WITH TECHNOLOGIES FOR
STABILIZATION AND IMMOBILIZATION OF SURPLUS PLUTONIUM AND PLUTONIUM-

CONTAMINATED WASTE.
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HIGHLIGHTS OF WORKSHOP SESSIONS

SESSION

PUR{-”OSE

. OUTCOME

Introductory

State the purpose of the workshop. Provide
overviews of the stabilization and immobiliza-
tion programs as well as stakeholder views.

Sets the stage for the following sessions, provides

background information, shows broadly how the
DOE Office of Environmental Management (EM)
and Office of Fissile Materials Disposition (MD)
program complement each other.

Materials and
Conditions

Provide information as to the types and
quantities of materials that must be stabilized
with emphasis on their chemical nature and
the status of technologies for characterization.

Sets the stage for the following session on how
stabilization will be addressed by defining our
under-standing of the current status of materials.

Stabilization
Standards
and
Applications

Provide information as to the materials
condition expected after stabilization (i.e.
standards), the technologies that could be
used for stabilization, and how the stabilization
technologies could be applied to the materials
described in the previous session.

Better understanding of stabilization require-
ments. Better understanding of the match
between residue types and technologies. Better
understanding of technology limits and develop-
ment needs. Description of feed materials for
the immobilization process.

Immobilization
Waste Forms

Provide historical perspective. Discuss the
principal waste forms (glass and ceramic) in
terms of composition, plutonium solubility,

radiation spiking, poison addition, problems
and development needs.

Better understanding of match between immobi-
lization feeds and waste forms. Provides a clear
picture as to what is known and what must still
be studied.

Immobilization
Facilities

Discuss engineering aspects of technologies
including feed treatment, design, flowsheets,
offgas, waste streams, technology maturity,
economics, safeguards and security.

Provides a description and. status of the principal
technologies under study and identifies the
development needs.

Long Term
Performance

Provide discussion of leaching, safeguards and
security, and retrievability from a longterm
perspective.

Describe long term issues that require resolu-
tion.

Breakouts

Provide for more in-depth technical discussion
of key issues. Allow for continued discussion
of items from the invited paper sessions.
Allow for alternative technical points of view

and technical items not covered by the papers.

Better understanding of DOE technical strategy.

Summary

WGB.96-0013 01/17/96

Reports from breakout sessions, synthesis of
breakout sessions. Overall workshop summary.
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Workshop Perspectives

Jeffrey N. Kass, Lawrence Livermore National Laboratory and
Randy Erickson, Los Alamos National Laboratory
Workshop Technical Leads

This workshop was designed to allow discussion of the full range of technological activities that
must occur in order to (1) chemically stabilize plutonium containing scraps and residues and then
(2) convert the scraps and residues as well as other forms such as excess pits into an immobilized
form that is not suitable for subsequent weapons use. The latter effort is termed disposition.
Immobilization, along with reactor burning and burial in a deep borehole are being considered
for the disposition effort. We also included a discussion of some issues associated with eventual
entombment of the immobilized forms in a mined geological repository. The time frames for
these activities differ. The chemical stabilization effort has a relatively near term focus of about
6 years. The disposition effort has an intermediate time frame of 10 to 20 years, and the potential
entombment in a mined geological repository has a very long time frame. The workshop was, of
course, also intended to provide a broad range of technical views as to how this complex process
might be accomplished. We are very grateful for the constructive participation by many non
government officers, and are very pleased by the participation of scientists from universities as
well as scientists from overseas, particularly those from Russia. The papers presented by the
Russian team were of high quality and added significantly to the quality of the workshop.
Staying abreast of technology developments outside the United States is recognized as an
important element of the overall effort. We have learned several important items from the results
of this conference, especially about the interfaces between the important stages in the overall
process for dealing with these materials.

We have found that there is a variety of plutonium forms. These range from fabricated metallic
weapons components, to metal and oxide, and also to a varied group, of scraps and residues.
Many of the scrap and residue forms are currently in a condition that requires treatment to assure
long term chemical stability. While chemical characterization of all scraps and residues is not
yet complete, there is enough information to begin conceptual design and development activities
along with stabilization operations for some of the material forms. Studies at each site have
resulted in identification of the materials for which chemical stabilization is most time urgent.
The complexity associated with the broad range of plutonium scrap and residue chemical forms
results in the need for careful examination of each type of form to assure the proper stabilization
techniques are selected and applied. The Department of Energy, along with its supporting labs
and plants have surveyed the materials that must be treated and have identified a broad range of
treatments that can be used. It is likely that no single treatment technology will be adequate for
the full range of scraps and residues. Instead, varying treatments will be selected for individual
types of residues based on technical and economic considerations. A research program has been
started to develop some new stabilization approaches. There are a number of interesting and
useful immobilization technologies that are available for the chemical stabilization work. While
these immobilization for stabilization techniques are promising, some additional development
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work is needed before application to plutonium bearing scraps and residues. Our Russian
colleagues described some additional techniques that may also be useful.

Immobilization is also being developed as one of the principal options for disposition of excess
fissile materials - the process that will render these materials unsuitable for subsequent weapons
use. In this sense, the chemical stabilization processing provides part of the feed to the
immobilization for disposition work. Therefore, the chemical stabilization processing must be
done in a manner that does not prevent or unduly complicate subsequent disposition. Both
ceramic and glass forms are being considered for the immobilization disposition work but the
overall technology is not yet as mature as that of reactor burning. This is not surprising, given
the extensive experience in reactor technology throughout the world and the European '
experience in burning mixed oxide fuel. There is considerable experience in immobilization of
high level waste using glass and, to a lessor extent, ceramics, but there is very little experience in
immobilization of plutonium. Nevertheless, considerable progress has recently been made in
identifying suitable glass and ceramic materials as well as processing approaches. These studies
have shown that plutonium can be immobilized and that practical processing appears to be
feasible. Specifications for immobilization have not yet been established. There is a general
understanding that leach rates in a repository environment must be acceptable and that a radiation
field that would be lethal to a potential terrorist must be present until repository employment to
assure the plutonium cannot be readily extracted but considerably more work must be conducted
to establish the needed specifications. It is hoped that as these studies progress to an extent
suitable to justify investment of significant funds, a pilot plant or prototype processing facility
can be established. Some technologies presented by our Russian colleagues are very interesting
and may provide significant advantages.

The last part of the workshop was devoted to discussion of some issues associated with the
possible eventual entombment of immobilized forms in a geological repository. Safeguards and
security, with particular emphasis on retrievability was discussed. This discussion was important
because, if the end goal is to render the excess plutonium not suitable for subsequent weapons
use, then retrieval from a mined geological repository must be less attractive than alternative
means of obtaining plutonium for weapons use.

In summary, this conference was very useful because it served as a forum for discussion of
technologies and technological issues associated with the overall process of converting excess
weapons plutonium in its current form to a form that is no longer suitable for subsequent
weapons use. Important programmatic interfaces were identified and progress was made in
international cooperation on this crucial issue.
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Introductory Session Opening Remarks
Jill Lytle, US DOE Office of Environmental Management

I am Jill Lytle and I am the Deputy Assistant Secretary for Nuclear Materials and Facilities
Stabilization in the Department of Energy. I want to welcome all of you to this Plutonium
Stabilization & Immobilization Workshop.

The purpose of the meeting is to foster communications within the technical community on
issues surrounding both the stabilization and immobilization of the Department’s surplus
plutonium and plutonium-contaminated waste. This is a technical meeting, not a policy meeting.
Since the Office of Material Disposition in the Department, is preparing a programmatic
environmental impact statement, the Department and its contractors are necessarily constrained
on discussing a preference for one technology over another for immobilization. However, 1
believe we can discuss the technical issues thoroughly about each of the technologies. We tried
to design the workshop to have a very productive technical discussion. What I'd like to do is just
briefly review the outline of the plenary sessions. These are the topics we are going to be
covering in the plenary sessions today, tomorrow, and Thursday. '

I want to mention that these plenary sessions will be audio taped so that we will be able to have
the benefit of a translation.

Second, I would like to show you the outline of the breakout sessions. These are the various
specific topics that we will be doing in breakout sessions. Before we go on with our main
meeting, I would like to ask Elaine Powell, however, to come up and give you some logistics
information.
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Introductory Session:
Plutonium Stabilization and Immobilization Workshop Objectives

Thomas P. Grumbly
Assistant Secretary for Environmental Management

INTRODUCTION

Good Mormning. Thank you all for coming to this workshop on the stabilization and
immobilization of the Department s surplus plutonium and plutonium-contaminated materials. I
would like to extend a special welcome to our Russian friends who have made such a long trek to
attend this workshop. Ithink your participation speaks exceptionally well of the kind of
cooperation required between our two nations to bssist each other in the profoundly vexing
problems of dealing with plutonium, to invest in better solutions to common problems. I
understand that we also have people here from other countries including Australia, France and
Germany. And we thank you for participating.

It is precisely this theme of cooperation and teamwork that I hope permeates the next three days
at this workshop and beyond. Henry Ford had a formula for it: Coming together is a beginning;
keeping together is progress; working together is success. Today, we have come together to
work on these issues, although it did take much longer than I envisioned when we committed to
conducting such a meeting. For plutonium stabilization and immobilization, we are at steps two
and three in Mr. Ford s formula: progress and success is dialogue and working together.

Purpose of the Workshop

During this workshop, I hope that the scientific community can achieve a meaningful dialogue
on the scientific issues and technologies for the stabilization and immobilization of surplus
plutonium and plutonium contaminated waste. There has been a great deal of public discussion
and debate on policy questions involving plutonium stabilization and immobilization. That is
not why we have gathered here today. We have structured this workshop so we can have a
productive technical not policy discussion about the various plutonium-related technical issues
and technologies. And I believe this forum will build 2 common understanding of the
performance, economics, and maturity of stabilization and immobilization technologies.

As many of you know, this workshop was originally intended to focus on vitrification and other
immobilization options. We quickly broadened the focus to include both Immobilization and
Stabilization. Immobilization is our word for a range of technologies, including vitrification,
that we can use to meet the spent fuel standard for the disposition of surplus plutonium.
Stabilization is more about preparing plutonium scrap and residues for storage until final
disposition can take place. We felt it was important to include the aspect of stabilization that
must interface with the long term activities of immobilization. The stabilization activities are the
near term activities that Environmental Management is conducting to address to address the more
immediate safety problems such as repackaging Plutonium Metal and placing our liquid waste
into a safer configuration. :

All of us at DOE are trying to make the best technology choices for stabilizing and
dispositioning plutonium and plutonium-contaminated materials. Mr. Greg Rudy, Director of the
Office of Fissile Materials Disposition, will outline the process being used to evaluate the
reasonable disposition alternatives against the disposition criteria. My colleagues are doing a
wonderful job at answering some tough questions, and we re making similar progress against the
plutonium stabilization problems. However, our choices are limited by history. Since DOE has
never before wanted or needed to stabilize, immobilize or otherwise disposition plutonium, we
have never made an effort to develop the technologies to do it. We can do a lot to piggyback
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onto technologies developed for other uses, but the sad fact is that innovative ideas like
immobilization have not had the benefit of decades of research, development and demonstration.
That is one reason why we sponsored this workshop: to help strengthen the technical side of what
may be some very attractive policy options, and to try, if we can, to level the playing field.

This conference comes at a propitious moment in this historic transition from plutonium
extraction to plutonium stabilization emphasis. As you know, the Department is currently
preparing an EIS on plutonium disposition. Whether or not direct immobilization is chosen in
that EIS for the bulk of plutonium, it is clear that more research in this area will be needed
because of the other forms of plutonium such as sesidues, which will need stabilization. As
many of you know, Senator Helms last week agreed to allow the START II treaty to be voted on
in the Senate where we are expecting ratification. This treaty, initially signed by a previous
administration, would dramatically reduce the size of the nuclear weapons arsenal. This action
simply codifies the reality of the end of the Cold War.

So we are poised at the brink of a new era. This new era challenges us to think in new ways, act
in new ways, and to develop new tools to help in these endeavors. During the Cold War we
valued separated pure plutonium, and we developed extraordinary machines to help us do this.
We built some of the largest industrial operations the world has ever known, resulting in some of
the most daunting environmental challenges we have ever grappled with. Now our national
priority has turned from the purity of the plutonium to the safety and the proliferation resistance
of plutonium. The National Academy of Science has set the benchmark that has been well
accepted now -the spent fuel standards -- for nonproliferation. We now need a similar standard
for the safety of plutonium. Perhaps this and other workshops will contribute to fulfilling that
ambition.

I don t expect this workshop will be able to resolve or even fully address all the technical issues
facing us. I do hope, however, that we today are starting a process for resolving the issues, and
that there will be other technical workshops in the future. We need to understand how the various
aspects of plutonium storage, treatment, and disposal fit together. We need to gain an
understanding of the risks and benefits of various technologies. While the focus is on technical
aspects of our program, I want to assure you that we fully appreciate the need to consider non-
technical aspects of acceptance of technology and have tried to encourage interaction with
stakeholders and regulators. To provide some perspective on plutonium, let me briefly give
some background. ?

Background: Long Term vs. Short Term

Plutonium began as, and has remained, a controversial subject. When it was first discovered,
right after the discovery of the element Neptunium, it seemed appropriate to name it after the
next planet, Pluto. Pll]hto was the Roman God of the underworld, but the name comes from the
Greek word ploutos, which means wealth. Clearly, the scientists working on the Manhattan
project appreciated the double meaning of Pu. One can see that, even before the first nuclear
chain reaction was achieved, there has been tension between the energy value of nuclear power
and the destructive potential of nuclear weapons.

Plutonium has done its first job-- nuclear weapons were built to help keep the peace in the post-
World War II era-- but now, to assure peace, safety, and national security for decades (even
centuries) to come, we need to earnestly debate and discuss what to do with it. In the short
term, we need to stabilize these fissile materials and ensure adequate physical security against
terrorist theft or sabotage, safeguards against proliferation, and protection against environmental
and health risks, such'as those outlined in Defense Nuclear Facilities Safety Board
Recommendation 94-1. This is the responsibility of the Office of Environmental Management.
Over the long term, we need viable disposition. In a rough division of labor, that is the
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responsibility of the Office of Fissile Materials Disposition. One can plainly see that the
cooperation between our offices needs to be absolutely exceptional.

The short term and long term issues associated with plutonium are inextricably linked-- they
have more of a 'chicken and egg' twist than some of our other problems. We have to establish a
sound long term protocol in order to make good short term decisions in stabilizing these
materials. But it will take us years to implement that long term policy, and we can't wait that
long to stabilize and safely store the plutonium bearing materials around the complex. Many of
them are in 'temporary' storage situations, at best; and the definition of 'temporary' has turned out
to be longer than was intended in many cases, so we have to act quickly to control urgent
environmental, safety and health risks. At the same time, we have to be careful that our short
term solutions don't work against viable long term options-- and through it all, we need to
coordinate our environmental, safety and health concerns with our nuclear nonproliferation
objectives. Ideally, it would be desirable to treat materials once and maximize the cost
effectiveness of all the operations throughout DOE. Thus, it is critical that we establish technical
understanding of the activities and bring together the researchers all around the Department to
insure that our efforts are coordinated.

So, acknowledging that we can't have totally separate discussions of short term versus long term,
and recognizing that in this whole area we have to be simultaneously pragmatic and visionary, I
hope that the technical discussions of the following sessions lead to a greater understanding of
and greater integration and focus between the long term and short term activities.

Where is it, Whose is it and What Form?

Let me give an rough overview of the different forms, locations, and ownership of the
Department s unclassified plutonium. Not counting classified amounts of plutonium at the
Pantex site, the Department currently has more than 33 metric tons of plutonium in various forms
at 13 'major sites' and 22 'other sites' throughout the complex. This plutonium falls into three
general categories: plutonium metal, in the form of pits, buttons and ingots; plutonium oxides,
either plutonium dioxide or plutonium trioxide of weapons grade specification; and plutonium
residues, defined as materials excess to the Department's needs that require significant processing
in order to separate the plutonium. These residues exist in both liquid and solid form, and
generally contain less than 28% plutonium.

The bureaucratic custodians of all of this material include:

Defense Prggran’lg, which is responsible for "strategic reserves" of plutonium, and for
nuclear warhead stockpile maintenance;

The Office of Fissile Materials Disposition, which is responsible for the Department's
technical and management activities to provide for the disposition of fissile materials
declared surplus to national defense; and

Environmental Management, which is responsible for plutonium-contaminated waste,
ranging from lightly dusted booties to heavily laden sludge. We are also responsible for
facilities. We operate many storage vaults for plutonium scrap, including hemishells
intended for pits. A single plutonium vault at Hanford costs $30 million per year to
maintain and keep secure. We are responsible for stabilization facilities, such as the F- and
H-Canyons at the.Savannah River Site, which contain considerable amounts of plutonium in
different forms.

"Who owns what" within the Department of Energy can be hard to keep track of at times. Let

me describe the responsibilities by describing the situation at three "EM landlord" sites, that.is
sites where the budget comes out of the Environmental Management account. These sites
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contain significant amounts of plutonium materials. At Rocky Flats, there are a total of about 13
metric tons of plutonium in the form of metals, plutonium oxides, and plutonium residues. At
Hanford, there are 4 metric tons of plutonium oxides in addition to 7.2 metric tons of reactor
fuels. During past transfers of responsibilities at various sites, the "ownership” of non-waste
special nuclear materials has remained with Defense Programs with the exception of the
plutonium residues at Rocky Flats. While Defense Programs continues to retain "iownership" of
these materials, it is in name only. Environmental Management is responsible for the buildings
the material is stored in as well as the security, inspection, stabilization, repackaging and
consolidation of these materials to provide safe and efficient storage. I hope this quick
background in plutonium sets the stage for more detailed discussions.

Workshop Papers

The agenda includes many good scientific papers, but it doesn t include all the papers you
volunteered to provide at the originally scheduled August workshop. It s simply an
embarrassment of riches. My announcement for this meeting and the call for papers resulted in
far greater interest than we had anticipated. I regret that we could not include all of the excellent
papers that were submitted. Due to time constraints, we had to make difficult decisions on the
use of papers that represented the principal thrusts of the science and policy advice that we are
receiving. I encourage all of you who prepared papers, whether or not you are presenting them at
this meeting, to seek out peer reviewed journals and have your papers circulated as widely as
possible to invite thought and discussion. How we dispose of these materials will be a science
and policy issue for years to come. The more discussion we encourage at the outset, the easier
our job will be in the long run.

CONCLUSION

This workshop is structured to help promote the exchange of information among the various
organizations. For the most part we 11 work in plenary sessions to maximize the exchange of
information across program lines. This introductory session is designed to provide an overview
of various activities within the Department, and external to the Department, to place the more
technical information into context. I want to thank Dr. Anderson, the head of the Russian
Delegation and Dr. Kushnikov, a member of this panel; Dr. Paul Leventhal from the Nuclear
Control Institute; Mr. Davis Hurt from the Defense Board; Mr. LeRoy Moore from the Rocky
Mountain Peace Center; Mr. Hank Dalton who heads the Department s Plutonium Stabilization
Task Force; and Dr. Iieonard Gray from Lawrence Livermore National Lab, for working with
Greg Rudy and my staff and participating in this workshop.

Let me repeat that we do not expect to resolve all the issues at this workshop. Many of them will
require additional study, and the Department must follow the NEPA process before we make
decisions. But this workshop should be a significant step in our journey towards the optimal
combination of intelligent and publicly acceptable behavior with respect indeed, with a lot of
respect! to Plutonium. :

To conclude, let me reaffirm my belief that principles of democracy can best be fulfilled by
providing opportunities such as this for exchange of technical information and working
cooperatively in solving complex problems. I recall what Thomas Jefferson said: I know of no
safe depository of the ultimate powers of society but the people themselves; and if we think them
not enlightened enough to exercise their control with a wholesome discretion, the remedy is not
to take it from them, but to inform their discretion. I thank you for attending. I trust that as we
listen to each other, we will be better informed; and that as we become better informed, our
behavior will steadily approach the ideal of wholesome discretion.

DISCLAIMER ’

The views expressed in this paper are those of the author and do not necessarily reflect any
views, proposed actions, or decisions of the United States Government or any agency thereof.
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Overview of Surplus Weapbns Plutonium Disposition

Greg Rudy
Acting Director
Office of Fissile Materials Disposition

Thank you, and good morning. The safe disposition of surplus weapons useable plutonium is a
very important and urgent task with profound environmental, national and international security
implications. We can all be proud to be a part of a group of concerned and capable professionals
that are working to contribute to success in reducing the global nuclear danger.

By way of quick background, the end of the Cold War, Presidential Policy Directive 13, and
various thoughtful analyses by renown scientific, technical and international policy organizations
have brought about a focused effort within the Department to identify and implement paths
forward for the long term storage and disposition of surplus weapons useable highly enriched
uranium and plutonium.

Within the Department, the organizational focus on this issue was started in early 1994 by the
Secretary’s formation of a small cross-cutting project organization. Subsequently, in October,
1994, a permanent office was formed by statute, reflecting the importance that Congress places
on this task.

While the functions of long-term storage and disposition directly relate to the Department’s
weapons program and the environmental management program, the focus of this effort is
particularly national security and nonproliferation. In the very near term, additional specific
information on the quantities, forms and locations of the surplus highly enriched uranium and
plutonium will be declassified and made publicly available. In the interim, the figure below
provides a summary breakdown of the surplus plutonium inventories being addressed by the
Department.

As we move forward in our efforts to evaluate technologies for disposition of the surplus
plutonium, we are also working jointly with Russian counterparts on a joint study of plutonium
disposition options. This joint study, initiated by President’s Clinton and Yeltsin in 1994, will
provide a consistent comparison of a range of technology options for plutonium disposition. It
will address nuclear nonproliferation, safety, environmental, technical and economic factors. It
is important to note that the particular technology paths eventually chosen by the United States
and Russia need not be necessarily identical. The central, overarching goal is to render surplus
weapons plutonium as inaccessible and unattractive for reuse in nuclear weapons, as the much
larger and growing stock of plutonium contained in civilian spent reactor fuel. The technoldgy
options under study will be evaluated against a set of common criteria. I'll briefly discuss some
of the criteria a bit later.
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The joint study is well underway and the working groups recently completed a productive
meeting in Oak Ridge last week. Follow-on meetings are planned for January and the final joint
study effort should be completed this coming summer.

1/3

Stabilization
Efforts

T Dispusien
sl UEMerts

Nominal 50 Metric Tons Planning Basis

Figure 1: Of the nominal 50 MT plutonium declared surplus, 1"ough1y one-third requires some
stabilization to address near-term health and safety concerns. Some of that stabilized plutonium
will join the remaining two-thirds of stable plutonium forms in safe, secure storage until

disposition efforts commence.

Our efforts to arrive at a decision for the disposition of surplus U.S. plutonium include
environmental analyses, as required by the National Environmental Policy Act, and technical,
schedule, cost and policy considerations. As part of this decision process, the Department
participates in the Interagency Working Group on Plutonium Disposition that is co-chaired by
the President's Office of Science and Technology Policy and the National Security Council.
Taken together, the environmental and technical, schedule, cost, and nonproliferation policy
analyses will enable a tecord of decision on the long-term storage and disposition of surplus
weapons useable plutonium late next year.

We started this process in mid 1994 with a Notice of Intent to prepare a Programmatic
Environmental Impact Statement (PEIS) on the Long-term Storage and Disposition of Surplus
Plutonium. This was followed by a series of public scoping meetings late last year and separate
technical information sessions. At the start, there were some 37 technology options, many with
aumerous subsets or variants. Later in the course of this workshop, Leonard Grey of LLNL will
be talking about many of the 70+ vitrification variants initially identified within the
immobilization family of options.
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During the scoping sessions, we received public and industry comment on a set of criteria against
which the various technology options would be initially screened to determine those most
appropriate for further review. The criteria are similar to those from the National Academy of
Sciences Report:

Resistance to theft or diversion by unauthorized parties

Resistance to retrieval, extraction, and reuse by the host nation
Technical viability

Environmental, safety and health compliance

Cost effectiveness

Timeliness

Fostering progress and cooperation with Russia and other countries
Public and institutional acceptance

Based on an assessment of the options against these criteria, we have arrived at the following
core set of technology options for surplus plutonium disposition:

» Immobilization options in which plutonium is emplaced in glass, ceramic or glass-bonded
zeolite waste forms.

o Reactors options in which surplus plutonium is fabricated into mixed-oxide fuel for use in
domestic or Canadian nuclear reactors.

» Deep geologic disposal options in which plutonium in an appropriate form would be
emplaced in a deep borehole (roughly 2 - 4 km deep) and sealed for isolation from the
accessible environment.

We are currently scheduled to publish the Draft PEIS for long-term storage and plutonium
disposition early in 1996 and host another series of public meetings. In parallel, during FY 1996,
we are performing R&D and we are planning limited technical demonstrations on the various
disposition technology options. Our efforts in these regards include close coordination with Tom
Grumbly’s office, the field activities and National Labs. An example of a planned demonstration
that is most germane to this workshop, is the planned demonstration next week, of a cold test of
the “can-in-canister” concept for plutonium disposition utilizing the Defense Waste Processing
Facility at Savannah River. One of the sessions tomorrow will be addressing this idea. This
"can-in-canister" demonstration is not only an example of how we work together within the :
Department, but also how we can remain open to suggestions and ideas from our stakeholders.

I am confident that much will be learned and shared during this workshop on the scientific issues
and technologies for stabilization and immobilization of surplus plutonium. As Tom noted in his
introductory comments, “ Progress and success is dialogue and working together”. Thank you
for contributing to progress and success in this important effort.

DISCLAIMER
The views expressed in this paper are those of the author and do not necessarily reflect any
views, proposed actions, or decisions of the United States Government or any agency thereof.

23



24



Radioactive Waste Management and Plutonium Recovery
Within the Context of the Development of Nuclear Energy in Russia

Viktor Kushnikov
Deputy Director
V. G. Khlopin Radium Institute
2nd Murinski Avenue, 28
194021 St. Petersburg, Russia

The Russian strategy for radioactive waste and plutonium management is based on the concept of
the closed fuel cycle that has been adopted in Russia and, to a great degree, falls under the
jurisdiction of the existing Russian nuclear energy structures.

From its very beginninig, Russian atomic energy policy was based on finding the most effective
method of developing the new fuel direction with the maximum possible utilization of the energy
potential from the fission of heavy atoms and the achievement of fuel self-sufficiency through
the recycling of secondary fuel. This also guided Russia’s choice between the available options,
the reprocessing of spent fuel from nuclear power plants (the “closed” cycle) and the burial of
spent fuel without reprocessing (the “open” cycle).

Although there can be no doubt about the importance of economic considerations (for the future),
concerns for the safety of the environment are currently of the utmost importance. In this
context, spent NPP fuel can be viewed as a waste to be buried only if there is persuasive evidence
that such an approach is both economically and environmentally sound.

The production of I GW of energy per year is accompanied by the accumulation of up to 800 -
1000 kg of highly radioactive fission products and approximately 250 kg of plutonium.
Currently, spent fuel from the VVER 100 and the RBMK reactors contains approximately 25
tons of plutonium. There is an additional 30 tons of fuel-grade plutonium in the form of purified
oxide, separated from spent fuels used in VVER 440 reactors and other power production
facilities, as well as approximately 100 tons of weapons-grade plutonium from dismantled
warheads. The spent fuel accumulates significant amounts of small actinoids - neptunium,
americium, and curium. Science and technology have not yet found technical solutions for safe
and secure burial of non-reprocessed spent fuel with such a broad range of products, which are
typically highly radioactive and will continue to pose a threat for hundreds of thousands of years.

Figure 1 shows the current situation and near term development plans for the nuclear fuel cycle
in Russia.
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Implementation of the closed fuel cycle approach to nuclear energy was begun with the start up
of the first Russian regenerating facility (1997, Mayak production facility in Chelaybinsk). This
plant (RT-1) is a multipurpose facility for the regeneration of spent fuel from VVER 440
reactors, from BN 350 and BN 600 fast breeder reactors, as well as spent fuel from reactors and
propulsion systems on icebreakers, submarines, and research reactors. The capacity of the plant
for the regeneration of the primary fuel to be reprocessed at this plant, the spent fuel from the
VVER 440 reactors, is 400 tons per year. This means that the plant has the capacity to
regenerate fuels not only from Russian reactors, but from reactors of the same type in other
countries. So far the plant has processed approximately 3000 toas of spent fuel. The recycling
of regenerated uranium (conditioning of the fuel for U-235 content is done by mixing) for use in
fuel for RBMK and production reactors was begun in 1980, and shortly afterwards a pilot scale
program was started for the BN and VVER reactors.

Construction has begun on a new radiochemical plant, the RT-2 complex, which will begin
operations in the Krasnoyarsk region. Upon completion of the first phase of the project (plant
operations are slated to begin before 2005), the facility will have the capacity to regenerate 1500
tons of spent fuel per year. The already completed storage pond at the new facility contains 1100
tons of spent fuel from VVER 1000 reactors, while another 1000 tons of spent fuel is currently
stored at the NPP sites. The spent fuel from the RBMK 1000 and RBMK 1500 reactors is also in
interim storage at the NPP storage sites. There are existing regulations governing the long-term
(decades) monitored storage of spent fuel.

The guiding principle for the management of radioactive waste from the nuclear fuel cycle is to
provide for the isolation of the radioactive waste from the biosphere for the total period that it
presents a threat to the environment.

The program of the Russian Federation for radioactive waste and nuclear material management is
directed at providing a comprehensive solution. It includes the development of the appropriate
legislative and normative basis for regulating radioactive waste management, the development of
corresponding technologies, and technical means for the collection, reprocessing, interim storage,
recovery and transportation of radioactive waste and spent nuclear materials, as well as the
creation of facilities for the assured isolation of these materials from the biosphere during long-
term storage and burial.

At the beginning of the nuclear age, the operation of nuclear facilities was accompanied by a
“passive” period of accumulation and temporary storage of waste products.
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The production of weapons grade nuclear materials at the Mayak production facility, the Siberian
Chemical Complex, and the Chemical Mining Facility of Minatom has resulted in the
accumulation of radioactive waste with approximately 1.3 billion cu. Approximately 250,000 m*
of liquid radloactlve waste with 570 million cu is held in special storage tanks, while another 400
million m* with 700 million cu is stored in open ponds and special pools. Surface plant storage
facilities contain radionuclide contaminated materials, equipment, and structures with total
radioactivity levels of 12 billion cu.

At the present time, affer completion of extensive research and development activities, the
nuclear complex facilities have begun the reprocessing and conditioning of accumulated waste
for its final burial.

The reprocessmg of liquid radioactive waste, especially high level liquid waste, is a complex and
costly process Consequently, at a reprocessing plant the relatively small volume of high level
waste (5m /t of spent fuel for reprocessing) contains more than 99% of the radioactivity of the
spent fuel. Regardless of the level of radioactivity, the general approach to liquid waste
processing is in the direction of its solidification, which is closest to the concept of safe burial
(see Figure 2, schematic diagram for liquid radjoactive waste management at the RT-1 facility).

Research in solidification of liquid radioactive waste began in Russia in the fifties. The first
large-scale samples of vitrified high level waste were produced in 1959. The first pilot
vitrification plant began operating at Mayak at the RT-1 site in 1987. The technology was based
on a direct heating electrical furnace that produces phosphate glass.

The vitrification plant processed over 9100 m’ of high level liquid waste, producing more than
1800 tons of phosphate glass containing approximately 220 million cu. A second production line
for vitrification is currently under construction. At the same time, we are pursuing the
development of alternative solidification technologies for high level waste based on a two-stage
process. A pilot facility for this technology is under construction. It will use an induction melter
with a cold crucible for the immobilization of radionuclides on glass and mineral type matrices.

Vitrified waste is placed in special facilities for safe storage until a final decision is made on its
burial in geological formations.

Research is also continuing in the area of matrix material characteristics (glass and mineral type
materials for radioactive waste immobilization), in our search for matrices with greater chemical,
thermal and radiation stability than phosphate glass.

A series of investigations is being conducted to determine the behavior of vitrified radioactive
waste under long-term storage and burial conditions. These studies allow us to determine the
processes that take place when vitrified waste comes in contact with a specific geological
environment and to develop requirements for environmentally safe management of waste.
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Construction is under way of a facility for the vitrification of medium and low level waste. The
completion of this facility will make it possible to solidify all types of radioactive waste at the
RT-1 site.

The RT-1 vitrification plant immobilizes all radionuclides with the exception of plutonium,
uranium and to some extent neptunium, including highly radioactive actinoids and other
components, on phosphate glass. Research and development in high level waste separation is
also very promising because separation technologies would make it possible to separate the
radionuclides in the solutions of the reprocessing facilities taking into account such factors as
their half-life, toxicity, as well as the possibility for further utilization of some radionuclides.

Perfection of such technologies will make it possible to choose the optimum and most reliable
approach: “incineration”, nuclear transmutation in fast reactors or in special electro-nuclear
facilities of some radionuclides, while others would be placed in monitored long-term storage
and still others could be buried. These promising directions are presented in Figure 3.

Burial of highly radioactive waste requires isolation for hundreds and thousands of years, will be
in deep geological formations, in thick rock with low permeability below the level of active
water-exchange, in regions of tectonic stability and low seismic activity for the total time that the
waste poses a threat. The presence of all possible dangerous biological components will also-be
taken into account.

In accordance with current plans, by the year 2000 approximately 3 billion curies of radioactive
components will be converted into forms that satisfy safety criteria for storage and burial.

The handling of plutonium, its production, separation, storage and utilization, requires the
resolution of a very complex series of problems. All of these issues - the utilization of
plutonium for nuclear energy production, the further development of the mixed uranium-
plutonium fuel cycle and the associated technologies, the role of fast and thermal-neutron
reactors and other aspects of plutonium utilization, are intensively studied at the Ministry
facilities (the All-Russian Research Institute of Mechanical Engineering, the Institute of Physics
and Energy, the Mayak Production Facility, the All-Russian Research Institute for Atomic
Reactors, and others).

Research and pilot programs on the utilization of plutonium for energy production and in
particular in fast breeder reactors began in the fifties. In the sixties, pilot research reactor cores -
BR-5, IBR-2, IBR-30 - as well as experimental fuel assemblies for the BOR-60 reactor were
created. The scope of research increased significantly in the 80°s. Pilot plants at the Mayak
facility, working with different technologies, manufacture uranium-plutonium fuel as well as
full-scale fuel assemblies for testing in the BN-350 and BN-600 reactors.

In Obninsk at the Institute of Physics and Energy, tests have been completed on two cores in the

fast breeder BR-10 reactor. The plutonium dioxide fuel was manufactured from weapons-grade
plutonium.
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The BOR-60 research reactor (at the Research Institute for Atomic Reactors in Dimitrovgrad)
was used to test and analyze large batches of fuel elements made from uranium-plutonium oxides
with different plutonium isotope compositions, manufactured with different technologies. This
reactor has been operating for an extended period of time with plutonium fuel (80% Pu-239 and
20% Pu-240).

Tests have been completed of the pilot BN-350 reactor and were followed by research and
experiments of chemical reprocessing of mixed U-Pu fuel manufactured from weapons-grade
materials. Over 2000 fuel elements of the U-Pu type have been manufactured and tested in the
BN-350 and BN-600 reactors. Not one of the fuel elements failed with burn-out reaching 10%,
with heat release rates of 490 W/cm and cladding temperatures of 690°C.

The base design for the fast breeder production reactor is the BN 800. There are plans for the
construction of a nuclear power complex in the Urals with 3 to 4 fast breeder reactors of this
type. The BN 800 design has gone through all required expert analysis, including an economic
assessment, and approval has been given by the local regional authorities. The design calls for
an initial fueling of 2.3 tons of plutonium with yearly replenishment of 1.6 tons of plutonium. In
support of the fast breeder reactor programs, there are plans for the construction at the Mayak
production facility of a special plant for the manufacture of uranium-plutonium fuel (plant 300)
with a production capacity of 900 fuel assemblies per year. Financial problems have led to a
stoppage of construction at the plant, with work completed to 50%. This is also the reason for
the slow pace of construction of reactors at the Chelyabinsk and Beloyarsk sites.

Against this background of encountered difficulties, work, is proceeding on fast reactors at small
pilot production facilities for the manufacture of new fuel elements and assemblies (the “Granat”
and “Paket” facilities, the Mayak production facility and the Scientific Research Institute for
Nuclear Reactors) with an increase in the scope of tests conducted and the utilization U-Pu fuel
in the BN 600 reactors. Efforts are also being made to continue construction of the BN 800
reactors and plant “300” (and this could be of interest to foreign investors) so that the fast
reactors would be ready for large scale utilization of the plutonium for energy production by the
beginning of the next decade.

A complex program on U-Pu fuel development falls within the overall program for utilizing
plutonium in fast reactors. However, this does not preclude the possibility of plutonium
utilization in light water reactors. We have been conducting research and development in this
area from the beginning of the decade. This particular program is designed to recycle plutonium
from regenerated VVER 1000 spent fuel and is based at the RT-2 facility.

The new problems that have arisen as a result of arms reduction programs are treated within the
context of the conversion of weapons-grade materials for use in energy production. However, it
is proposed that the utilization of weapons-grade plutonium in the fuel cycle of fast and thermal
reactors would for the most part not begin till the existing supplies of fuel-grade plutonium are
exhausted. The priority tasks in this area are those dealing with the removal of materials from
warheads and safe storage of spent nuclear materials, as well as demonstrating the feasibility of
converting weapons-grade plutonium for use in the fuel cycle.
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Immobilization of plutonium in glass and mineral type materials, in accordance with standards
set for spent fuel, is one of the possible options for conversion of weapons-grade materials. This
is one of the directions that needs be pursued in the area of handling highly radioactive waste,
which has unique aspects because of the increased concentrations of fissile materials in the end
product. The question of safety during the processing of weapons-grade plutonium for the
immobilization of the materials on glass or mineral type matrices is one of the main areas to be
pursued and requires detailed investigations. In order to be able to determine the feasibility of
applying such technologies for the conversion of weapons-grade plutonium, research should be
conducted on the following questions:

o the acceptability of existing equipment and technology for the vitrification of liquid highly
radioactive waste for the virtification of weapons grade plutonium; analyses and
measurement of the process parameters, as well as the equipment, must be carried out for the
purpose of increasing safety and reliability; '

e the amount of plutonium that can be safely immobilized in glass type materials without
changing the physio-chemical properties and structure of the material with the eventual goal
of burial;

e development of requirements for physical safety barriers at all stages of the technological
process for the immobilization of plutonium; :

e determination of the amount of other radionuclides that could and must be included in the
glass so that it satisfies standards set for spent fuel;

e determination of the geometric configurations of the vitrified products, the packaging
requirements,and development of transportation containers for the transfer of the vitrified
materials for burial;

e investigation of safety from the standpoint of criticality at all stages of the vitrification
process for weapons grade plutonium, including packaging, temporary storage and transfer
for burial;

e investigation of long-term safety issues in order to determine whether in some distant future
criticality problems could arise at the plutonium burial sites;

e development of physical measurement techniques for monitoring plutonium content in the
containers; development of an MPC&A system; and development of safeguards for the non-

proliferation of plutonium at all stages of the immobilization process and burial;

e analysis of all issues connected to burial sites selection, design and construction;
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e assessment, analysis and regulation of safety at all stages of the immobilization process for
weapons-grade plutonium, including the development of licensing procedures for such
technologies;

 development of the normative documentation for regulating the handling of vitrified products
that contain significant concentrations of fissile materials.

The search for answers,to questions dealing with the handling of spent fuel, plutonium and
radioactive wastes is guided by a single principle, i.e., to provide for maximum safety at all
stages of the nuclear fuel cycle, in accordance with a special program developed for this industry.
Our many years of experience in operating nuclear facilities and the fact that the industry has
highly qualified scientific and technical personnel gives us confidence that we can maintain '
acceptable levels of safety (nuclear, fire, explosion) and provide constant surveillance to monitor
all deviations in accordance with international criteria.

DISCLAIMER
The views expressed in this paper are those of the author(s) and do not necessarily reflect any
biases, proposed actions, or decisions of the United States Government or any agency thereof.
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SCHEMATIC DIAGRAM OF THE RUSSIAN NUCLEAR FUEL CYCLE
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PROPOSED REPROCESSING DIAGRAM FOR WEAPONS GRADE
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Progress on Plutonium Stabilization

Davis Hurt *
Technical Staff
Defense Nuclear Facilities Safety Board
625 Indiana Avenue, NW
Washington, DC 20004

INTRODUCTION

The Defense Nuclear Facilities Safety Board has safety oversight responsibility for most of the
facilities where unstable forms of plutonium are being processed and packaged for interim
storage. The Board has issued recommendations on plutonium stabilization and has had a
considerable influence on DOE's stabilization schedules and priorities. The Board has not made
any recommendations on long-term plutonium disposition, although it may get more involved in
the future if DOE develops plans to use defense nuclear facilities for disposition activities.

POSITIVE DEVELOPMENTS

There has been significant improvement in DOE's plutonium stabilization programs over the last
two years. Two years ago the Board was coming to the conclusion that there were significant
safety risks posed by surplus plutonium stored in unstable forms or inappropriate containers at
several DOE facilities.! By early 1994, the Board decided that an official recommendation was
warranted, and the result was Recommendation 94-1, which called for specific timetables for
stabilizing surplus nuclear materials within the Weapons Complex.2 The Board recommended
that DOE assign high priority to stabilization programs for the most hazardous plutonium
materials, such as unstable residues at Rocky Flats, tanks of solutions at Rocky Flats and the
Savannah River Site, and plutonium metal packaged in close proximity to plastic, which turned
out to be a problem mainly at Rocky Flats. The recommendation included timetables for
processing or otherwise stabilizing those materials, as well as spent fuel at the Savannah River
Site and Hanford.

The Board had concluded in 1994 that many DOE managers did not recognize the seriousness
and immediacy of the stabilization problems. There has been considerable improvement in that
respect since the recommendation was issued. In late 1994 DOE completed a large-scale study,
popularly known as the Plutonium Vulnerability Study, of plutonium safety within the Complex.
The Vulnerability Study came to the same conglusions as the Board regarding the seriousness of
risks posed by unstable plutonium inventories.3 The Study agreed that Rocky Flats is the site
with the most severe plutonium storage problems, and that there are serious problems at other
sites as well. All parties now agree that the situation requires intense, near-term corrective
action. i

The Secretary of Energy accepted Recommendation 94-1 and appointed a task force to prepare
an Implementation Plan. It took several months, but a good Implementation Plan was eventually
developed. The 94-1 Implementation Plan sets specific milestones for stabilization of all the
materials cited in Recommendation 94-1, plus some related types of materials not named by the
Board. The Plan is a serious commitment by DOE to make rapid, measurable progress on
stabilizing these materials.

*I‘he views expressed in this paper are those of the author and do not necessarily reflect any
views, proposed actions, or decisions of the Defense Nuclear Facilities Safety Board or any other
governiment agency.
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The Assistant Secretary for Environmental Management has responsibility for the majority of the
programs involved in implementation of Recommendation 94-1. During the first year and a half
of the recommendation's life, the Assistant Secretary has consistently provided the funding and
institutional support needed to begin the stabilization programs. The aggressive programs called
for in the recommendation have had a big impact on previously established DOE programs, and
only strong support from the Assistant Secretary and the efforts of DOE's Nuclear Materials
Stabilization Task Group have made it possible for this ambitious program to get off to a strong
start in most areas.

There is generally a high level of enthusiasm at the plutonium sites for the Recommendation 94-
1 stabilization program. Most of the scientists and engineers at the plutonium sites are as
concerned as the Board about the safety of unstable or poorly packaged plutonium, spent fuel,
and other hazardous materials. Responsible people in the technical community are eager to
accelerate the stabilization work, and are confident that it can be done safely and effectively.
There has, of course, been a significant loss of experienced workers at the sites. While thatisa
general source of concern to the Board, it does not appear to be a limiting factor for 94-1
programs. There are still personnel at plutonium sites with the experience and technical
expertise to conduct the 94-1 stabilization work if adequate funding and necessary authorizations
are made available.

STANDARDS

There is a new DOE standard for plutonium storage with important implications for
Recommendation 94-1, and plutonium stabilization in general.# The Board has a statutory
obligation to review all DOE safety standards. In light of its importance to Recommendation 94-
1, the Board has taken a particular interest in the plutonium metal-and-oxide storage standard. It
would be difficult to make progress in stabilization, or even to agree on what constitutes
progress, without defining forms of plutonium and types of packages that can be stored for long
periods with little need for remedial action. The new standard for safe 50-year storage of
plutonium metals and oxides provides that definition.

DOE is scheduled to issue another plutonium standard, covering 20-year storage of plutonium
residues and low-grade oxides. The merits of that standard are somewhat more debatable. On
the one hand, it may be necessary to store some residues for several years, and there is no
standard now that covers residue storage, so the new standard should fill a gap. On the other
hand, it would probably be best for long-term safety to process most residues to remove
plutonium and other actinides. Then the separated plutonium, which need not be highly pure,
could be stored in accordance with the metal-and-oxide storage standard, and the mostly-
plutonium-free residual material could be stored or disposed as radioactive waste. The ideal
course of action would be to use a process that would produce a residual material with
sufficiently low actinide concentrations to qualify as a low-level waste. There are processes
available for treating pyrochemical salt residues that could achieve such effective separation.
Even if a high degree of separation is not possible in all cases, removal of most of the plutonium
and other alpha-emitters will greatly reduce the radiation-driven evolution of gases and unstable
radiolysis products, making the residual waste material easier and safer to store. '

PROBLEM AREAS

This touches on a general problem. The plutonium that needs stabilizing is all part of the
approximately 50 metric tons that have been declared surplus to the country's needs. There is no
identified need at present for this plutonium; it has no assignable value in any conventional
sense. Why incur the expense of plutonium separation when the plutonium is by current
definition a waste material?
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The answer is that plutonium is generally safer to store in a pure form than when mixed with
other materials. Plutonium weapon components, which are basically pure metal, have been
stored safely for decades, and a great deal is known about how to prepare and package plutonium
metal for long-term stability in storage. The behavior of purified plutonium oxide in long-term
storage is not quite as well understood, but there is still a fairly substantial base of experience.6
The general consensus of the technical community is that plutonium oxide can be safely stored
for long periods if it is stabilized at a high temperature, certified to be free of potentially volatile
contaminants, and stored in very robust containers.d

With plutonium residues, which are mixtures of plutonium with many other substances, there is
little long-term storage experience, and what there is is problematic.>3 Off-gassing, corrosion
of containers, and radiation-driven formation of reactive compounds are serious risks if residues
are stored in unseparated form. The better approach, even if initial expense is greater, would be
to remove most of the plutonium from the residue, store the plutonitim as a relatively pure metal
or oxide, and dispose of the contaminated leftovers as transuranic or low-level waste.

A substantial amount of processing will have to be done for residues, and it will mostly have to
be done in old facilities. That raises a host of problems. It is not easy to restart old processing
facilities that have been allowed to atrophy; it is not easy to make old equipment work correctly;
it is not easy to find enough trained workers to operate old facilities safely; it is not easy to meet
modern standards of safety analysis for these plants. But old facilities are all DOE has, with one
or two exceptions, and it is unlikely that new facilities can be built in the required time. The old
facilities must be used if the surplus materials are to be placed in safe, storable forms. One
reason for issuing Recommendation 94-1, which urged DOE to move much faster on
stabilization, was that the old facilities are continuing to age, and will be even more difficult to
use in the future than they are now.

This bears on an important part of Recommendation 94-1 that is sometimes overlooked: the
need to maintain facilities in operable condition until all surplus materials are stabilized.
Premature shutdown of facilities can have severe consequences. Between 1989 and 1994, Rocky
Flats lost a great deal of processing capability through failure to maintain facilities and retain
skilled workers. Capabilities were lost before theifull extent of the site's plutonium stabilization
needs was widely appreciated, leading to the very difficult situation Rocky Flats faces today.
Badly deteriorated process lines now have to be restarted as quickly as possible for short
stabilization processing campaigns. DOE also shut down some facilities at Hanford and the
Savannah River Site without taking inventories of unstable plutonium materials into proper
account.

The Board has urged DOE not to make a hasty decision on shutting down either of the
reprocessing canyons at the Savannah River Site. Stabilization facilities are rare commodities
today; when one is shut down, stabilization options for plutonium and other hazardous materials
may be significantly reduced. DOE's commitments under Recommendation 94-1 include
keeping in operable condition those facilities that may be needed for future stabilization work.
Which facilities are needed and what constitutes operable condition will certainly be debated for
many specific cases, but the basic commitment has been made and is binding on shutdown
decisions such as the one facing the Savannah River Site.
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CONCLUSIONS

DOE is laying sound plans for plutonium stabilization, and doing so with a more appropriate
sense of urgency than two or three years ago. Actual physical progress on stabilization has been
modest so far. Continued effort is needed to fund and execute the actual work. The goal is a
surplus plutonium inventory that is well-characterized, processed into stable forms, and correctly
packaged for long-term storage.

DISCLAIMER .

The views expressed in this paper are those of the author and do not necessarily reflect any
views, proposed actions, or decisions of the Defense Nuclear Facilities Safety Board or any other
government agency.

REFERENCES

1. Plutonium Storage Safety at Major Department of Energy Facilities, R.D. Hurt et.al.,
Defense Nuclear Facilities Safety Board Technical Report, DNFSB/TECH-1, April 14,
1994.

2. Recommendation 94-1 to the Secretary of Energy, Defense Nuclear Facilities Safety
Board, Federal Register, Vol. 59, No. 106, Friday, June 3, 1994.

3. Plutonium Working Group Report on Environmental, Safety and Health Vulnerabilities,
Associated with the Department's Plutonium Storage, U.S. Department of Energy,
DOE/EH-0415, November 1994.

4, Defense Nuclear Facilities Safety Board Recommendation 94-1 Implementation Plan,
U.S. Department of Energy, letter from Hazel R. O'Leary, Secretary of Energy, to John T.
Conway, Chairman, Defense Nuclear Facilities Safety Board, February 28, 1995, 95-
1215.

5. Criteria for Safe Storage of Plutonium Métal and Oxides, U.S. Department of Energy,
DOE-STD-3013-94, December 1994. -

6. Vacuum Distillation Separation of Plutonium Waste Salts, Annual Progress Report for
TTP AL1-4-20-01, Eduardo Garcia, Los Alamos National Laboratory, June 1, 1994.

7. Assessment of Plutonium Storage Safety Issues at Department of Energy Facilities, U.S.
Department of Energy, DOE/DP-0123T, January 1994.

38



Vitrification of Plutonium at Rocky Flats
The Argument for a Pilot Plant

LeRoy Moore, Ph.D.
Rocky Mountain Peace Center
P. O. Box 1156, Boulder CO 80306

ABSTRACT

The local danger posed by large quantities of plutonium at Rocky Flats and the global threat of theft or
diversion of plutonium and thus of further nuclear weapons proliferation can both be addressed by
vitrification of plutonium. Current plans for stabilizing and storing the plutonium at Rocky Flats fail to
put the material in a form suitable for disposition and resistant to proliferation. Vitrification should be
considered as an alternate technology. To resolve questions regarding the viability of this technology,
plutonium vitrification at Rocky Flats should begin with a small-scale pilot plant. There are numerous
questions to which the public requires satisfactory answers before this technology can move to a larger
scale at Rocky Flats.

INTRODUCTION

The most serious danger to people who live in the vicinity of Rocky Flats stems from large quantities of
plutonium now stored on site in hazardous forms. This local danger -- one not limited to Rocky Flats --
is paralleled by global threats that some of the huge amounts of plutonium extant at various locations on
the planet may wind up as a global black market commodity leading to further proliferation of nuclear
weapons. Vitrification of plutonium could help alleviate both of these urgent problems.! My
presentation begins with a brief look at plutonium conditions at Rocky Flats, criticizes current plans for
resolving onsite problems, and proposes a pilot project for plutonium vitrification as an alternative. The
paper concludes with questions to which the public requires satisfactory answers before this technology
can move to a larger scale.

A COMMENT ON PUBLIC PARTICIPATION

For some time people in Colorado have been urging management at Rocky Flats to consider creating a
small-scale pilot plant for vitrification of the plutonium at Rocky Flats. We have felt like prophets
crying in the wilderness. Until I read abstracts of papers circulated before this workshop? I thought the
topic of plutonium vitrification was as neglected elsewhere in the DOE complex as it has been at Rocky
Flats. This workshop encourages me to think the concept is alive and well and may have a future after
all. I myself address the topic of vitrification of plutonium not as a technical specialist but as one who
lives near Rocky Flats and is concerned about both the local danger and the global threat previously
mentioned. I am grateful to be part of this workshop but am sorry to see that public participation is
scant. DOE can gain the trust of affected citizens only if it involves them at the earliest possible
moment and in the fullest possible way in any consideration of matters that impact them. Iflocal
communities are to endorse vitrification, it is essential that they have access to technical information and
that they have full opportunity to work directly with technical people. This workshop is, at best, only a
beginning.
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CONDITIONS AT THE SITE

Rocky Flats currently contains the largest known store of plutonium at any facility within the U.S. DOE
nuclear weapons complex (quantities at Pantex are greater, but the amounts remain classified).
Plutonium on site at Rocky Flats exists in the following forms and quantities:

o Metals: 6,600 KG

Compounds: 3,200 KG

Residues: 3,100 KG

e Solutions (the most dangerous material on site): 140 KG

e Holdups (in ductwork, equipment, buildings): 320 KG (rough estimate)

Metals, compounds, and residues add up to the 12.9 metric tons of plutonium usually referred to as the
total inventory of plutonium on site. Including solutions and holdups brings the estimated total to 13.36
metric tons. Some of this total -- a classified amount -- belongs to Defense Programs and thus will be
retained for the nuclear weapons stockpile. Most of the total, however, is no longer part of the weapons
stockpile and therefore is destined for disposition. My paper focuses on this portion.

Much of the large quantity of plutonium at Rocky Flats is stored in unsafe form within unsafe buildings.
DOE's plutonium vulnerability study singled out Rocky Flats as having the most severe vulnerabilities
of any facility nationwide. Here are a few highlights from the vulnerabilities report:

e The two potentially most dangerous buildings within the DOE complex are at Rocky Flats.
¢ Five of the nine most vulnerable buildings nationwide are located at Rocky Flats.

The report identified 27,679 separate packages of unstable plutonium at Rocky Flats.
"Current packaging and facilities . . . are not designed for extended storage."?

Thousands of containers of plutonium scrap are stored in work areas, compromising safety.

"The exact magnitude of the problem [at Rocky Flats] is uncertain because of missed or incomplete
inspections and the difficulty of ascertaining the status of the degraded materials and packaging."

CURRENT PLANS FOR DEALING WITH THE PLUTONIUM ON SITE

In the face of this critical situation at Rocky Flats, Herculean efforts are now underway to stabilize
unstable material and to put it in form suitable for safe long-term storage.5 Essentially, two separate
options are now preferred at the site. For the stabilized plutonium -- the solids, compounds, solutions,
and larger amounts recovered from holdups -- the operable plan is to place stabilized material in the
"fifty year can" now being developed at Los Alamos.® This is the preferred option for all Rocky Flats
plutonium except the residues. Residues were traditionally production byproducts that would have been
discarded as waste except that they contained "recoverable" amounts of plutonium. By the nature of the
case, residues are diverse in form, with some forms being quite unstable. The plan for the residues is to
put the material in "a form and container that is safe for a period of twenty years,"” in the expectation
that within this period this material can be disposed of at WIPP as TRU-mixed waste.
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CONCERNS ABOUT THE FIFTY YEAR CAN
There are many concerns about the fifty year can, including the following:

To prepare material for the ﬁft}lt year can entails the oxidation of plutonium as well as the processing
that would be required beforehand, such as dissolution of plutonium in acid. These activities extend

the threat of accidents and routine environmental problems of the type that have plagued Rocky Flats
for decades?

Is the package safe? The idea of a "fifty year can" for long-term storage and disposition of
plutonium seems ludicrous. Can DOE design a container that could go through a certification
process to guarantee its half-century durability? If so, how long will the can hold up? With the
accumulation of gas from the plutonium decay, will the can eventually rupture, leading to possible
dispersion of the contents, particularly if the contents are in oxide form?

Will plutonium stored in the fifty year can require further processing at some future date to prepare it
for permanent disposition? Is the fifty year can a suitable container for permanent disposition?

Is this package sufficiently proliferation-resistant? As a cylinder ten inches long and five inches
wide, the fifty year can is wonderfully portable and therefore subject to diversion or theft. The
contents, of course, will be plutonium in near weapons-grade form. Who can provide absolute
assurance that security will remain adequate to offset the danger of theft or d1ver51on for as long as
required?

Is DOE's fifty-year can in reality less a method for plutonium disposition than one for indefinite
retention of plutonium in near weapons-grade form? Why leave plutonium in a form that can too
easily be converted back into weapons-usable material when the U.S. has no need for more
weapons-usable plutonium?

For the U.S. to keep its own plutonium in easily usable form will prevent it from persuading Russia
to convert its plutonium into non-weapons-usable forms -- a prime U.S. security goal.

PROBLEMS WITH THE PLAN FOR RESIDUE DISPOSITION
Problems with the plan for disposition of plutonium residues include the following:

Why does management at Rocky Flats assume it is safe to dispose of unstable plutonium residues
underground? Won't this particular disposition plan further galvanize the already significant
opposition to the opening of WIPP?

Is it wise to rely on availability of WIPP? And will WIPP, even 1f it opens, be able to accommodate
the quantities of TRU waste expected to be disposed of there?

If WIPP isn't available, how wise is the twenty-year-container plan for ongoing storage of plutonium
residues at Rocky Flats? Wouldn't a good management strategy dictate development of a viable
alternative, one that would stabilize the material in a form suitable for long-term storage and
disposition? ’

41



VITRIFICATION AS AN ALTERNATIVE
Vitrification of plutonium could avoid all these problems at Rocky Flats, especially if a new technology
invented by DOE's Oak Ridge National Laboratory can be utilized.®

e The Oak Ridge technology streamlines processing by combining oxidation with the vitrification
step, replacing extensive chemical treatment of plutonium compounds and residues. Plutonium
materials in various chemical forms are put into molten glass containing lead oxide. The plutonium
combines with the oxygen in the lead oxide, creating plutonium oxide and lead metal. The lead
metal, insoluble in glass, drops to the bottom of the glass melter, whence it can be extracted, re-
oxidized and re-used.

e After vitrification the plutonium would end up dispersed and embedded in glass logs, posing lower
risks than if stored as plutonium oxide.

e The logs would be too large for easy theft or diversion, while the plutonium content per log would
be so small that several logs would be required to obtain enough plutonium to make a bomb.

e The plutonium logs could be poisoned with radionuclides or a rare-earth element to make theft or
diversion even less likely.

e Extensive processing would be necessary to recover the plutonium.

e Direct vitrification of some residues, particularly combustibles, may not be possible; if so, this
material would require some processing prior to the vitrication step.

VITRIFICATION SHOULD BEGIN WITH A SMALL-SCALE PILOT PLANT

The Oak Ridge direct vitrification technology evidently could handle many different types of plutonium
residues and scraps. Other vitrification technologies should also be considered for the situation at Rocky
Flats. Whatever technology is used must be taken from the laboratory to an industrial scale. Its
operating and environmental characteristics need to be studied. The best approach for doing this at
Rocky Flats would be to build a small pilot plant for testing various aspects of the technology,
demonstrating its feasibility, and working out problems. Operating a vitrification pilot plant first would
help DOE acquire experience that it sorely lacks. If a pilot project shows that it would not be feasible to
move to full-scale operations, little would have been expended and much would have been learned.

RATIONALE FOR VITRIFICATION AND FOR A PILOT PLANT

Vitrification may streamline processing of plutonium, bypassing a separate oxidation step.
Vitrification embeds plutonium in a form that minimizes or eliminates dispersibility.

The end result is a stable, proliferation-resistant form suitable for long-term storage or disposition.

A small-scale pilot plant would cost little, could be begun soon, and would provide an opportunity to
test the technology to determine the feasibility of vitrification on a larger scale.

IS PUBLIC ACCEPTANCE POSSIBLE?

If in other respects Rockyi Flats seems a logical location for a plutonium vitrification pilot plant, can
such a project gain publiq acceptance? DOE spokespersons now say a requisite condition for future
operations at any site is public acceptance. At Rocky Flats, however, as well as elsewhere DOE
personnel face a cautious, sometimes angry public. In this context, is substantive public acceptance for
a plutonium vitrification facility even possible? If so, what must be done to gain such acceptance? This

workshop, as I stated earlier, sets a poor standard for public participation. On behalf of members of the
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affected public who are not here I shall next provide a long list of questions posed by some of them.
Full and careful written answers to these questions can help the absent public begin to know how to
assess vitrification. Of course, answers on paper are no substitute for the open exchange that must

happen if there is to be any forward movement.

QUESTIONS WHICH NEED TO BE ANSWERED
What follows are some of the questions to which positive answers are required in order to proceed with
vitrification of plutonium at Rocky Flats or elsewhere:

If plutonium vitrification is initiated at Rocky Flats or elsewhere, what must be done to assure
regulation by an agency outside DOE? What agency will regulate and according to what standards ?

For any site that takes on the responsibility of plutonium vitrification, what commitment is being
made? What amount of plutonium will be vitrified over what period? What assurances can be given
that the resources necessary to do the task safely will be provided?

What would be the chief environmental, safety, and health problems associated with vitrification of
plutonium, particularly in the kind of smelter pioneered at Oak Ridge?

On the principle that plutonium should be handled as little as possible, what assurance can be given
that vitrification operations will entail less processing than other approaches to stabilization and
immobilizaion?

Can the U.S. create a vitrification model with minimum handling of plutonium and mimimum
possible waste streams that can be replicated in other countriees?

What steps will the U.S. take to encourage other countries to commit to non-prohferanon by
vitrifying their plutonium in preparation for disposition?

What types of skills are needed for workers engaged in plutonium vitrification?
What problem does the addition of plutonium pose in "making good glass"?

What measures are taken to see that plutonium diffuses uniformly throughout the glass?
What is the appropriate ratio of plutonium to glass?

What safeguards can protect against criticality both in processing and in storage?
At what temperature would the glass melter operate?

What is the risk of molten glass leaking from the melter?

What would be the result of water leaking into the melter? Can this be prevented?
‘What pollution control devices would be used?

What kind of storage would be required for vitrified logs of plutonium?

How would vitrified logs hold up to a fire? an explosion? a building collapse?
What hazards do the vitrified logs pose to workers? to the public?

What is the effect onlglass of bombardment by alpha, beta, and neutron radiation?

Is it possible that glass logs might shatter or flake over yéars for any reason? If so, what would be
the result? Could this contribute to plutonium dispersion?

Should vitrified logs be encased in another container?
Could plutonium leach out of glass logs over time? If so, at what rate and for how long?

Can all the residue forms present at Rocky Flats be used as feed material for vitrification? If so, are
any special measures required for the processing? If not, what additional processing would be
required before the material could be vitrified?
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e What additives might be used to poison logs of vitrified plutonium? What dangers are associated
with specific additives, and what precautions would be required to protect workers, the public, and
the environment?

¢ Does plutonium in glass logs pose problems for international verification of plutonium inventories?
How might such problems be solved?

o How does vitrification of plutonium compare to other disposition options in terms of cost, risk, and
proliferation-resistance?

o What would be the appropriate size of a pilot facility at Rocky Flats? of a full-scale facility to
handle all the plutonium on site? '

e What assurance can be given that vitrification operations at Rocky Flats would be'used only for
plutonium on site?

e To what extent would plutonium contaminate the vitrification facility by the time it is done
operating? What problems might this pose?

A CAVEAT REGARDING PLUTONIUM DISPOSAL

In the long-term, plutonium glass logs would need to be disposed of as waste. This disposal problem
has not been solved. Moreover, military surplus plutonium constitutes a considerably smaller portion of
global plutonium inventories than the plutonium from civilian nuclear power reactors. Currently the
latter (plutonium in spent fuel as well as separated plutonium) amounts to almost three times the
quantity of military plutonium produced globally over five decades.? Creating a sound, proliferation-
proof waste management plan for civilian plutonium is a major problem needing early attention.

CONCLUSION ,

The problems of plutonium immobilization and disposition are urgent and serious, nowhere more so
than at Rocky Flats, with more than 13 metric tons on site, much of it in unsafe form. There are no
perfect, risk-free solutions. DOE has made progress by identifying the hazards of existing storage
practices. It needs now to give up the urge to hang on to plutonium in close to weapons-usable forms.
In keeping with the facility's new name -- Rocky Flats Environmental Technology Site -- DOE needs to
take the bold steps required to develop plutonium vitrification technology at the site as soon as possible
in a manner consistent with public involvement, openness, and environmental protection.

Vitrification of plutonium at Rocky Flats should begin on a small scale with a pilot plant. Then if the
technology proves feasible, the project can be scaled up to an appropriate size for handling the large
quantities of plutonium materials and residues on site. While numerous questions await answering,
vitrification of plutonium!at Rocky Flats seems a promising alternative to the other options being
considered at the facility. As shown, vitrification may entail less processing, while its end-product will
be a proliferation-resistant form suitable for long-term storage or permanent disposition.

DISCLAIMER

The views expressed in this paper are those of the author(s) and do not necessarily reflect any biases,
proposed action, or decisions of the United States Government or any agency thereof.
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I wish to acknowledge the important work done on this topic by Arjun Makhijani of the Institute
for Energy and Environmental Research. See Arjun Makhijani and Annie Makhijani, Fissile
Materials in a Glass Darkly: Technical and Policy Aspects of the Disposition of Plutonium and
Highly Enriched Uranium (Takoma Park, MD: IEER Press, 1995).

U.S. DOE, Plutonium Stabilization and Immobilization Workshop, Washington, DC, December
12-14, 1995. ‘

Plutonium Working Group Report on Environmental, Safety and Health Vulnerabilities
Associated with the Department's Plutonium Storage, vol. I: Summary (Washington, DC: U.S.
Department of Energy, November 1994 [DOE/EH-0415])), p. 18.

Ibid., I, p. 26.

See Rocky Flats Environmental Technology Site, Site Integrated Stabilization Management Plan
(SISMP), Version 3.0, October 10, 1995.

In keeping with DOE Standard Criteria for Safe Storage of Plutonium Metals and O>'tides, DOE-
STD-3013-94.

SISMP, p. 35.

See Charles W. Forsberg and E. C. Beahm, "Direct Conversion of Plutonium-Containing
Materials to Borosilicate Glass for Storage or Disposal" (June 27, 1995), for Thirty-Sixth Annual
Meeting, Institute for Nuclear Maerials Management Conference, Palm Desert, CA, July 9-12,
1995; and Forsberg, "What Is Plutonium Stabilization, and What is Safe Storage of Plutonium?"
(June 29, 1995), Discussion Paper for the U.S. DOE Research Committee for the Stabilization of
Nuclear Materials. Both papers are available from Forsberg at the Oak Ridge National
Laboratory, Box 2008, Oak Ridge, TN 37831.

See Makhijani, Fissile Materials in a Glass Darkly, p. 11.
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Stabilization and Immobilization of Military Plutonium:
A Non-Proliferation Perspective

Paul Leventhal
President
Nuclear Control Institute
1000 Connecticut Ave. NW, Suite 804
Washington, D.C. 20036

INTRODUCTION

The Nuclear Control Institute welcomes this DOE-sponsored technical workshop on stabilization
and immobilization of weapons plutonium (W Pu) because of the significant contribution it can
make toward the ultimate non-proliferation objective of eliminating weapons-usable nuclear
material, plutonium and highly enriched uranium (HEU), from world commerce. The risk of
theft or diversion of these materials warrants concern, as only a few kilograms in the hands of
terrorists or threshold states would give them the capability to build nuclear weapons. *

Military plutonium disposition questions cannot be addressed in isolation from civilian
plutonium issues. The National Academy of Sciences has urged that "further steps should be
taken to reduce the proliferation risks posed by all of the world's plutonium stocks. military and
civilian, separated and unseparated...." © A similar point was made in a Rand Corporation
report: "It is critical that countries pay attention to the proliferation threat from the civilian side if
they want to maximize the non-proliferation value of dismantling U.S. nuclear weapons and
those of the FSRs [former Soviet republics]. If countries ignore the civilian threat, they can
compound the problem by making wrong choices in how to deal with military materials."

The Clinton Administration has correctly identified the minimizing of civilian plutonium stocks
worldwide as a major non-proliferation objective:

The United States believes that growing quantities of plutonium in international
commerce present a threat to the nonproliferation regime. In countries where material
control and accountancy or physical protection systems are not sufficiently rigorous, there
is a risk of diversion or theft of such materials. In addition, even in countries with
effective nonproliferation commitments, the presence of unneeded stocks of plutonium
could raise security concerns on the part of neighboring countries. Accordingly, United
States policy is not to encourage the civil use of plutonium.

Decisions on the disposition of W Pu will have major effects on the future of plutonium use in
civilian nuclear power programs. These decisions are being watched closely by plutonium fuel
cycle advocates around the world. The nuclear industry has launched a full-court press, with
nearly every major vendor re-designing its reactor system for potential use as a weapons-
plutonium burner. In 1993, Congress mandated that the Department of Energy conduct several
studies of various MOX options, including a review of reactor options and an assessment of the
so-called triple-play reactor that would use weapons-plutonium MOX fuel to generate
electricity and produce tritium for the nuclear arsenal.

Comparable attention and resources were not directed toward consideration of vitrification and
other immobilization options. This situation led the National Academy of Sciences to make the
following recommendation in its study this year of disposal options:

Since it is crucial that at least one of these options [MOX or vitrification] succeed, since

time is of the essence, and since the costs of pursuing both in parallel are modest in
relation to the security stakes, we recommend that project-oriented activities be initiated

47




on both options, in parallel, at once. DOE should assign sufficient regources (both
funding and personnel) to manage pursuit of both options in parallel. > [emphasis in
original}]

One of the main goals of this workshop, therefore, should be to fulfill the NAS mandate by
righting the imbalance between the MOX and vitrification disposal options and creating a more
level playing field that will help give equal consideration to the viability of non-reactor
alternatives.

Vitrification and MOX as the Lead Disposition Options

Most experts agree with the conclusion of this year s NAS study that the two most viable options
for disposing of plutonium recovered from retired nuclear warheads are the irradiation in reactors
of mixed-oxide fuel made from this plutonium (the MOX option), and direct disposal of warhead
plutonium by means of vitrifying it with high-level radioactive waste (the VHLW option). The
Nuclear Control Institute regards the vitrification approach as posing fewer risks than the MOX
approach with regard to diversion or theft of warhead material, reversal of the disarmament
process, and other adverse effects on international arms control and non-proliferation efforts.
Proposals for transferring warhead plutonium MOX fuel to third countries not now possessing
nuclear weapons pose additional risks.

To minimize proliferation and terrorism risks in the post Cold War world, we advocate that a
symmetrical regime be developed to address the dual threat of military and civilian plutonium.
Such a regime would place comparable obligations on nuclear-weapon and non-nuclear weapon
states to meet the spent-fuel standard and to avoid production and use of separated plutonium in
any form. A decision to dispose of warhead plutonium by means of vitrification or other
immobilization technology would be an essential step toward achievement of such a regime.

Proponents of MOX disposition claim that vitrification technology is immature, speculative, and
cannot be ready soon enough. ’ This view is nearly universal in the nuclear power industry,
despite being flatly contradicted by this year s NAS study on disposal options, which concluded
that [i]n terms of the crucial timing aspect of security, the current-reactor/spent-fuel options and
the vitrification-with-wastes options are roughly comparable to each other (as well as superior to
all other options). Under the most optimistic assumptions that are defensible, loading of W Pu
into current-reactor types could begin between 2002 and 2004 and be completed between 2015
and 2025; loading of W Pu into waste-bearing glass logs could begin around 2005 and be
completed as early as 2013.” % Accordingly, this workshop can surmarize and begin to assess
the range of outstanding technical issues related to VHL W options, in order to provide direction
for a concerted R&D effort.

Effects of Disposition Choices on Civilian Plutonium Fuel Cyclés
The 1994 NAS study emphasized the importance of the "Fuel Cycle Policy Signal”:

[Plolicymakers will have to take into account the fact that choosing to use weapons
plutonium in reactors would be perceived by some as representing generalized U.S.
approval of separated plutonium fuel cycles, thereby compromising the ability of the U.S.
government to oppose such fuel cycles elsewhere. Conversely, choosing to dispose of
weapons plutonium without extracting any energy from it could be interpreted as
reflecting a generalized U.S. government opposition to plutonium recycle. Either choice
could have an impact on fuel cycle debates now underway in Japan, Europe, and Russia.

The Nuclear Control Institute believes that the vitrification option would send the right fuel cycle
policy signal to the civilian nuclear sector and would be fully consistent with the Clinton
Administration's September 1993 non-proliferation policy statement. The statement declared
that "the United States does not encourage the civil use of plutonium and, accordingly, does not
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itself engage in plutonium reprocessing for either nuclear power or nuclear explosive
purposes."

On the other hand, the MOX option, though it does not necessarily involve further reprocessing,
would clearly encourage civilian use of plutonium, which in some countries like Japan even
includes plans for reprocessing irradiated MOX fuel. The U.S. Government would be engaging
in or sponsoring MOX activities for the first time on a commercial scale, legitimizing the use of
MOX in civil nuclear power programs. Such a sea change in U.S. policy would confuse and
complicate U.S. non-proliferation diplomacy. It would send the wrong fuel-cycle policy signal to
Western Europe, Japan, and other non-nuclear-weapon state members of the Non-Proliferation

Treaty (NPT).

In our view, the MOX option sends the wrong signal in three ways. First, this option effectively
declares that plutonium has an asset value, and that the energy contained within it should be
viewed as a "national asset” (as the U.S. DOE expressed it) or even "national treasure" (as the
Russians put it), when in fact plutonium fuel has been shown to be an economic liability. !

Second, the MOX option suggests that a commercial plutonium fuel cycle can be effectively
safeguarded, when, in fact, it is l'gecoming obvious that large-throughput plutonium plants face
daunting safeguards problems.

Third, the MOX option would be portrayed as giving credibility to the claim that plutonium
recycle in light water reactors (LWRs) is essential to nuclear waste management at a time when
direct disposal of spent fuel is looking increasingly attractive to utilities.

Finally, the MOX option undercuts U.S. non-proliferation diplomacy directed at so-called "rogue
states." If the U.S. actively pursues the MOX option, it will become far more difficult to deny
nations of proliferation concern, such as North Korea and Iran, their "right" to civil use of
plutonium. In our view, the only credible way to oppose the separation and use of plutonium in
nations of proliferation concern is to oppose it comprehensively---that is, to oppose its separation
and use in gny nation for any purpose. Such an approach is effectively precluded if the U.S.
insists upon retaining the right to use MOX fuel in civilian reactors, albeit for the purpose of
weapons plutonium disposition.

Important Workshop Goals

This workshop should help point the way forward to near-term demonstration of technically
viable vitrification/immobilization processes. Some technologies, such as Oak Ridge s GMODS,
are at risk of being dismissed as smoke and mirrors without first being allowed the kind of
detailed assessment that has been devoted to the various reactor options. A number of promising
technologies are to be outlined in presentations at this workshop, and deserve a fair chance in the
disposition decision-making process.

This workshop also can provide the catalyst for closer cooperation with our Russian colleagues.
Plutonium exists in enormous amounts and, in many cases, in the form of dangerous residues in
both U.S. and Russian weapons production facilities. Though our attitudes on commercial use
and final disposition of plutonium vary widely, stabilization of these particular military wastes is
a pressing problem for both nations, and cooperation on technical solutions is in our mutual
interest. For reasons of economy and safety, certain waste forms may lend themselves to
stabilization and immobilization without partitioning of plutonium and other actinides, and could
provide the basis for initial cooperation between the United States and Russia on non-reactor
disposal options.
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The Department of Energy is to be commended for convening this ground-breaking technical
workshop, and Russian participation is most welcome and important. Ilook forward to the
discussions of the next two days.

DISCLAIMER
The views expressed in this paper are those of the author(s) and do not necessarily reflect any biases,
proposed actions, or decisions of the United States Government or any agency thereof.
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Integrating the Stabilization of Nuclear Materials

Henry F. Dalton
US Department of Energy
Washington, DC 20585

In response to Recommendation 94-1 of the Defense Nuclear Facilities Safety Board, the Department of
Energy committed to stabilizing specific nuclear materials within 3 and 8 years. These efforts are
underway. The Department has already repackaged the plutonium at Rocky Flats and metal turnings at
Savannah River that had been in contact with plastic. As this effort proceeds, we begin to look at
activities beyond stabilization and prepare for the final disposition of these materials.

To describe the plutonium materials being stabilized, Figure 1 illustrates the quantities of plutonium in
various forms that will be stabilized. Plutonium as metal comprises 8.5 metric tons. Plutonium oxide
contains 5.5 metric tons of plutonium. Plutonium residues and solutions, together, contain 7 metric tons
of plutonium. Figure 2 shows the quantity of plutonium-bearing material in these four categories. In
this depiction, 200 metric tons of plutonium residues and 400 metric tons of solutions containing
plutonium constitute most of the material in the stabilization program. So, it is not surprising that much
of the work in stabilization is directed toward the residues and solutions, even though they contain less
of the plutonium.

Figure 3 sketches the stabilization paths for these materials. Plutonium metal and oxide are packaged
according to the departmental standard, DOE-STD-3013-94. The materials will then be suitable for 50-
year storage, although we expect that the materials will be dispositioned well before 50 years. Residues
and solutions show two paths. One path is to concentrate plutonium suitable for packaging. This
requires that the plutonium be concentrated to greater than fifty percent, and be low in water and organic
content, as prescribed by the standard. No purity requirements above that specified in the standard are
required. So, for example, at Savannah River, plutonium will be prepared as a metal after being
precipitated from solutions. The plutonium will not be purified by anion exchange, however, and would
not be weapons grade.

The other path is to dispose of residues as transuranic waste. The maximum average concentration,
following anticipated Waste Acceptance Criteria for the Waste Isolation Pilot Plant (WIPP), are below
0.5 gram per kilogram of material. This limit establishes the need for the path in which plutonium is
packaged for disposition other than as waste. With this limit, the plutonium in residues and solutions
would require 30,000 drums for disposal. Given an estimated disposal cost of $10,000 per drum in
WIPP, disposal of all residues and solutions would require $300 million. We expect that we can
experience considerable savings by disposing of some of the plutonium as other than waste in WIPP.
The decision as to the path for the residues will depend on projected costs.

In the stabilization program, we welcome immobilization as a viable option to the treatment of residues.

Preparation of the residues-for disposition (such as in vitrified form) would reduce the amount of
materials in intermediate form and would thus reduce the cost of disposing to WIPP. In any case, we are
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committed to putting material that will not be disposed as waste into a form that will be compatible with
the disposition decision reached through the Office of Fissile Materials Disposition determines through
the National Environmental Protection Act (NEPA) process.

Figure 4 shows the amount of plutonium metal and oxide that we will package in the stabilization
program through May 2002. You can see we have a very aggressive program for the plutonium that will
be stabilized and are excited about the progress we anticipate at the Department’s sites.

DISCLAIMER
The views expressed in this paper are those of the author and do not necessarily reflect any views,
proposed actions, or decisions of the United States Government or any agency thereof.
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Immobilization Needs and Technology Programs

Leonard Gray, Tehmau Kan, Henry Shaw, Guy Armantrout
Lawrence Livermore National Laboratory
P.O. Box 808, L-592
Livermore, CA 94551 USA

ABSTRACT

In the aftermath of the Cold War, the U. S. and Russia agreed to large reductions in nuclear weap-
ons. To aid in the selection of long-term management options, DOE has undertaken a multifac-
eted study to select options for storage and disposition of plutonium in keeping with U. S. pol-
icy that plutonium must be subjected to the highest standards of safety, security, and account-
ability. One alternative being considered is immobilization. To arrive at a suitable immobilization
form, we first reviewed published information on high-level waste immobilization technologies
and identified 72 possible plutonium immobilization forms to be prescreened. Surviving forms
were further screened using multi-attribute utility analysis to determine the most promising tech-
nology families. Promising immobilization families were further evaluated to identify chemical,
engineering, environmental, safety, and health problems that remain to be solved prior to making
technical decisions as to the viability of using the form for long-term disposition of plutonium.
From this evaluation, a detailed research and development plan has been developed and initiated
to provide answers to these remaining questions.

INTRODUCTION

In the Cold War aftermath, significant quantities of enriched uranium and weapons-grade pluto-
nium have become surplus to national defense needs in both the U. S. and Russia. Nuclear pow-
ers are now faced with management of tonnes of Pu in excess to national security needs. These
excess stockpiles pose a danger to national and international security, not only in the potential
proliferation of nuclear weapons but also in the potential for environmental, safety, and health
consequences if these fissile materials (FMs) are not properly managed.

If agreed reductions are implemented, perhaps 100 tonnes of Pu will no longer be needed for mili-
tary purposes by Nuclear Weapons States. Continued implementation of arms reduction agree-
ments will result in further dismantling of weapons and increasing stockpiles of surplus weap-
ons-usable materials.

There is a serious risk of nuclear proliferation from the resulting growing stockpiles. Nuclear
weapons or fissile materials could fall into the hands of terrorists or rogue non-nuclear nations
through theft or diversion of FMs. The U.S. National Academy of Sciences (NAS) report! on the
management and disposition of excess weapons plutonium characterized this as a “clear and pre-
sent danger.” This nuclear danger is, in many ways, more diffuse, harder to manage, and more
dangerous than the nuclear tensions of the Cold War era.
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On January 24, 1994, in response to the President's nonproliferation policy, Secretary O'Leary
created a Department of Energy (DOE)-wide project for control and disposition of surplus fissile
materials which later became the Office of Fissile Materials Disposition (MD). MD, through
task teams composed of experts from national laboratories, production sites, universities, indus-
try, and other DOE programs, e.g. Civilian Radioactive Waste Management, (RW), have used a
process that considered potential long-term storage and disposition options, evaluated them
against screening criteria, and identified alternatives reasonable for continued evaluation in a Pro-
grammatic Environmental Impact Statement (PEIS) process. Screening criteria, which were devel-
oped with input from the public, reflect the President's Nonproliferation and Export Control
Policy of September 1993, the January 1994 Joint Statement by Presidents Clinton and Yeltsin
on Nonproliferation of Weapons of Mass Destruction and the Means of Their Delivery and the
analytical framework established by the NAS.

To aid in selecting long-term management options for surplus weapons Pu, DOE has undertaken
a multi-faceted study to select options for storage and disposition in keeping with U. S. policy
that excess Pu must be subjected to the highest standards of safety, security, and international
accountability. The primary goal is to render weapons-usable fissile materials as inaccessible and
unattractive for weapons fabrication as that in commercial reactor spent fuel (i.e. meet the “spent
fuel standard™) while protecting human health and the environment. Disposition is defined as a
process of use or disposal of materials that results in the remaining material being converted to a
form substantially and inherently more proliferation-resistant than the original form. Disposition
options must take into account technical, nonproliferation, environmental, and economic consid-
erations.

Disposition can be divided into three distinct but overlapping phasés—dismantling, intermediate
storage, and long-term disposition (Fig. 1). Dismantling of U.S. and Former Soviet Union weap-
ons and storage of resulting surplus fissile materials (SFM) are already under way. Conversion of
residue materials and long-term disposition of all FM will take far longer to accomplish.

r Weapons | r Residues J

Dismantling Staé’.','.'f‘,aé::{:, gnd
Y Y

Interim storage

\ v \
| Disposition |

Figure 1. Steps in control and disposition of surplus fissile materials.

Immobilization Program

One class of disposition alternatives is immobilization. In these alternatives, surplus Pu would
be immobilized in an acceptable matrix to create a chemically stable form for disposal in a high-
level waste repository. The radiation level of the immobilized form would also meet the “spent
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fuel standard” in that fissile material would be mixed with high-level wastes or other radioactive
isotopes and immobilized to create a radiation field that could serve as a proliferation deterrent
comparable to commercial spent nuclear fuel.

MD selected the Lawrence Livermore National Laboratory as Lead Laboratory to study and rec-
ommend methods for transformation of SFM into long-term immobilized forms meeting envi-
ronmental, safety, and security objectives; to provide appropriate input to other Disposition
Tasks Teams so as to assess technical feasibility of immobilization as a long-term disposition op
tion; and describe infrastructures required to conduct disposition of SFM. Support laboratories
include Savannah River Technology Center, Argonne National Laboratory, Oak Ridge National
Laboratory, and Pacific Northwest Laboratory. The team also includes support from US univer-
sities and industries.

As part of the disposition program, other nations with relevant interests and experience have
been invited to participate in the disposition study. Australia, the United Kingdom, France and
Russia are participants in the Immobilization Program.

Immobilization would embed Pu in a tailored ceramic, glass, or other suitable material, alone or
mixed with radioactive fission products to produce a suitable disposal form. To be viable, the Pu
concentration of the form must be in the range of 1.0 to 10 wt% range. To arrive at suitable
forms, published information on HLW immobilization technologies was reviewed; 72 uniquely
named forms were identified. > After prescreening, the 16 surviving forms were screened using
multi-attribute utility analysis (MAUA) to determine the more promising technologies. Promis-
ing immobilization families (glass, ceramics and metals) were further evaluated to identify and
seek solutions for chemical, engineering, environmental, safety, and health (ES&H) problems re-
maining to be solved prior to making technical decisions as to their viability for long-term dispo-
sition of Pu. We are also assessing modifications required to existing U.S. high-level waste immo-
bilization approaches, and modifications required to the DOE response to the Defense Nuclear
Facilities Safety Board’s Recommendation 94-1, ES&H implications, costs, and schedule.

Processing Options
Five immobilization base case options comprising glass and ceramic forms are being evaluated in

the PEIS/ROD process:

e Vitrification
e Internal radiation barrier ( Fig 2)
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Figure 2. Two options for vitrification of Pu

(1) anew greenfield facility that produces a borosilicate glass
containing Pu, neutron absorbers, and *’Cs (as a radiological barrier), and then encapsu-
lates this glass in a storage canister;

(2) an adjunct melter to the existing Defense Waste Processing Facility (DWPF) that
produces a glass containing Pu, neutron absorbers, and high level waste (HLW), and then
encapsulates this glass in a storage canister;

e External radiation barrier ( Fig 2)
(3) a "can-in-canister" variant, in which an inner can containing a2 Pu- and neutron-
absorber-bearing glass is surrounded by a glass containing a radiological barrier, which, in
turn is contained in an outer storage canister.

e Ceramics
e Internal radiation barrier (Fig 3)
(4) a new ("greenfield") facility that produces a ceramic containing Pu, neutron absorbers,
and *’Cs and then encapsulates the ceramic in a storage canister;
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e External radiation barrier (Fig 3)

(5) a "can-in-canister" alternative in which an inner can of a ceramic containing Pu and
neutron absorbers is surrounded by a ceramic or glass that contains a radiological barrier,
which is in turn contained in an outer storage canister.
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Figure 3. Two options for immobilizing Pu in a ceramic

Several variants to the base cases are also being examined. These include use of either plutonium
oxide (base case) or plutonium nitrate solution as the feed to the melters. The bas¢ case for the
ceramics is plutonium nitrate feed; the variant is the use of plutonium oxide feed.

Feed Stocks

When the Cold War unexpectedly and abruptly ended in 1991, DOE stopped production of plu-
tonium for nuclear weapons —it had already in effect stopped production of the warheads them-
selves in 1988. Facility missions were abruptly changed and budgets were dramatically reduced.

Tonnes of plutonium, previously slated for warheads, were left in place, much of it in forms and
facilities not suited to long term storage. There are approximately 26 tonnes of Pu, not including
amounts contained in assembled and disassembled weapons, located throughout the weapons
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complex. The alpha decay of Pu results in formation of free radicals which induce chemical reac-
tions within stored solutions and solids containing organics (plastics, paper, cloth, etc.) that make
behavior of these solutions and solids difficult to predict. The Defense Nuclear Facilities Safety
Board (DNFSB) recognized this when they issued their recommendation 94-1, in May 1994,
calling on DOE to:

bring stored plutonium metal and oxide into conformance with the DOE storage standard
process the plutonium solutions into forms safer for interim storage
process possibly unstable plutonium residues into forms suitable for interim storage

establish a research program to help choose among candidate processes for conversion to in-
terim forms and longer-term disposition.

Under the assumption that long term storage and ultimate disposition of plutonium are not con-
sidered to be technologically feasible during this century, current DOE programmatic efforts are
focusing corrective actions on stabilizing stored materials in response to the DNFSB recommen-
dations. Materials returning from the nuclear stockpile, together with these existing inventories of
fissile materials, which may easily be converted to a weapon usable form, define the scope of ma-
terials that have generated a concern for international security. It is assumed that corrective ac-
tions will be completed prior to the start of large scale disposition activities and that the source
of plutonium for disposition will include weapons-usable materials stored in stabilized forms de-
fined by DNFSB 94-1 recommendations.

Only the very top level of the DOE corrective action plan has been completed. Since the lower
level corrective actions have not yet been planned or executed, it is not possible to specify the
exact form, quantity, or location of the plutonium contained in the stabilized scrap or irradiated
materials which may be available for disposition.

At the end of the cold war, there was also a considerable quantity of material which contained
amounts of Pu which were considered to be economically recoverable but which were not consid-
ered primary manufacturing feed stocks. These residues, largely in storage at the Rocky Flats
site, represent a concern since the fissile inventory is sufficiently large to be of proliferation con-
cern. However, the Pu content for all residues, which is always less than 50%, is only on the or-
der of about 1% on the average overall. The chemical and physical form of these residues pres-
ents difficulties for long term storage or use in the weapons complex. As a consequence, these
have been declared as waste with the intent to discard them at WIPP when WIPP becomes opera-
tional.

Several of the immobilization options, however, may well present a more cost effective approach
for the elimination of these residues rather than just placing them in WIPP. In order to consider
this question, calculations were done at LLNL which estimated the cost associated with various
options for either discarding the Pu directly, or for immobilizing the Pu for disposition as part of
the Fissile Materials Disposition Program. These cost calculations considered the cost of pack-
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aging and disposing of the residues in WIPP versus the cost of processing the residues, dissolv-
ing them in glass, and adding the radiation spike prior to repository emplacement. In doing these
calculations, parameters considered included the average Pu cutoff for processing (with the leaner

residues always going to WIPP) and the average Pu loading per barrel which could be reasonably
expected for WIPP disposition.

Figure 4, shown below, indicates the cost estimates for disposition for the nation’s excess Pu
using glass immobilization where various quantities of the residues are either included or excluded
(based on the Pu cutoff percentage for processing).

As can be seen, there may well be cost advantages in processing a significant portion of the resi-
dues for immobilization disposition given the WIPP limits of 200 grams/barrel. Average WIPP
loading values will likely be less than 200 grams/barrel (Fig 5). A reasonable value is probably on
the order of 100 grams Pu per barrel

Immobilization Cost Contributions vs Pu
Processing Cutoff for 38 gms/barrel
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Figure 4. Cost Estimates
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Figure 5. "Optimum" Scrap Processing Cutoff
Points Vs. Average WIPP Loading Limits
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OVERALL R&D KEY FEATURES

Each of these technologies require further research and development to:

1. identify a material formulation that optimizes processability and long term performance;

2. develop processing equipment, material flow and process controls, operational strategies, and
material accountability while minimizing impacts on workers, the environment, cost, and the
ability to maintain an acceptable implementation schedule;
demonstrate on a pilot scale that individual operations or processing steps fit together seam-
lessly;

3. demonstrate that the specific disposal forms meet the spent fuel standard for proliferation re-
sistance.

The fundamental features of the overall long term research and development (R&D) plan for plu-
tonium disposition using immobilization technologies include:

o Full understanding of criticality safety margins at every stage of plutonium handling and
processing
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¢ Practical limits of plutonium concentration from both solubility and kinetic considerations

e Incorporation of 137Cs and its effects on both process operations and final waste form
performance and proliferation resistance

o Sensitivity of immobilization process formulation and product performance to impurity
concentrations in the feed

e Process optimization to minimize waste, costs, and time of disposition
 Pilot scale demonstrations with transuranics to confirm viability of the process

e Evolving and characterizing equipment designs and compositions that reliably and safely
handle plutonium weight loadings that result in economically effective operations

e Properties that influence performance, reliability, and safety considerations—such as nu-
clear criticality—must be determined

e Assessment of the impact of plutonium volatility
e Assessment of the impact of the presence of neutron absorbers

e Assessments of the physical durability of the product and the plutonium product phases.
Relative durability and leach rate determination

e Assessments of Pu recovery and proliferation resistance of the immobilized plutonium
form

e Development of predictive material control and accountability and process controls and
models for plutonium immobilization operations.

Analytical tools and techniques will need to be properly validated. These issues have a large ef-
fect on process complexity and limitations on throughput, so it is imperative that a consistent set
of baseline data be carefully and fully determined. The experimental work and other assessments
identified in the R&D plan are intended to address these issues.

SUMMARY

An International Team was assembled for the purpose of selecting suitable immobilization forms
and processing technologies for the Fissile Materials Disposition Program Office. The Task
Team use the NAS Study as a reference point for starting the study but was not limited to rec-
ommendations of the NAS.

Three basic forms have been selected and the processing options to provide those three forms
have been defined. As this conference is for the discussion of glass and ceramics only, metal
forms were not discussed. Environmental Data has been supplied to the DOE contractor writing
the PEIS for the Disposition Program. The Task Team is now developing cost data for the Rec-
ord of Decision—which is anticipated in the Fall of 1996. The Task Team is also evaluating
these options to determine if they indeed meet the security standard and goals set up by the NAS
Study.
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APPENDIX

LONG RANGE RESEARCH AND DEVELOPMENT PLAN

The Long Range Research and Development Plan, Immobilization Technologies, summarizes the
long term research and development (R&D) requirements for plutonium disposition using immo-
bilization technologies.

In this overview, a brief summary of the status of the immobilization options and the emphasis
of the required research and development is presented for each of the immobilization options be-
ing considered. The fundamental features of the overall long term research and development
(R&D) plan for plutonium disposition using immobilization technologies are presented.

Vitrification Technology
The plan consists of individual stand-alone plans for each immobilization options. Three alterna-
tives based on vitrification technology are under consideration:

1. Vitrification at a Greenfield site (Internal Radiation Barrier)
2. Vitrification using an External radiation barrier'(Can-in-Canister)
3. Vitrification using a DWPF Adjunct melter (Internal Radiation Barrier)

The logical relationship of key milestones for the vitrification alternatives are shown in diagram
form in Figure 6. A critical concern relates to whether a glass for each of the alternatives can be
formulated to meet the processability and performance requirements.

Development and Characterization of Optimized Glass Formulations for Plutonium Im-
mobilization

The specific glass formulation selected will strongly influence the design and cost of the immobi-
lization facility, as well as the extent of characterization, necessary for facility and immobiliza-
tion form licensing, with a direct impact on implementation schedule. For example, the maximum
allowable plutonium loading, which will be set by the limits of process safety and long term per-
formance of the immobilization form may determine facility size and throughput.
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Figure 6. Glass Immobilization - Key Milestones
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Project Objective

To formulate, through testing and analysis, a Pu-containing glass optimized for safety, petform-
ance, processability, and cost effectiveness. To achieve adequate understanding of the glass be-
havior, both during processing and at long times, so that Title 1 design can be initiated.

Project Description

Detailed glass requirements for both processing and long term performance will be documented.
Guided by existing data and analysis, a range of glass formulations will be prepared and charac-
terized for Pu solubility, the influence of required additives such as neutron absorbers, tolerance
for process and compositional variations, processability, resistance to radiation damage, and long-
term chemical durability. Models for Pu processing parameters and release rates will be devel-
oped and used to optimize the formulations. These formulations will be characterized, material
response models modified as necessary, and long term performance testing initiated. This effort
will be closely coupled with the Processing and Equipment Technologies effort to insure that
candidate formulations meet processability and process safety requirements. Completion of this
task is not required prior to beginning Title 1 design.
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Key Information Generated/Key Issues Resolved

e Pu solubility as a function of glass composition

e neutron absorber solubility as a function of glass composition

e physical and chemical requirements for feedstocks

o effect of radiation damage on stability of immobilization form

e composition of final immobilization form

¢ information needed for long-term degradation/radionuclide release models
e relative release rates of fissile materials and neutron absorbers.

Process Development, Controls, and Equipment Technelogies

Immobilization with large weight fractions Pu has never been irnplemented in a production set-
ting. Optimization of the facility for safety, performance, ES&H and cost effectiveness will re-
quire backgrotind development for feed stock preparation, process flow, melter design, material
accountability, and process and criticality control. These efforts will work in close concert with
the Glass Formulation R&D tasks.

Project Objective

To understand facility unit processes and production flow well enough to optimize facility and
equipment design, performance, and cost effectiveness (while maintaining adequate safety and
performance margins) during Title 1 and 2 design.

Project Description

Glove box scale operations will be set up, evaluated and modeled for each unit operation. Proc-
ess schemes will be developed, analyzed and, tested comparing wet and dry melter feed streams.
For the greenfield alternative, the process for converting *’CsCl from Hanford to a form suitable
for a glass feed will be demonstrated and off-gas handling approaches developed. In combination
with glass formulation efforts and nuclear criticality analysis, glass melter designs will be evalu-
ated and modifications proposed. Prototype melter performance will be documented. A Proc-
ess/Product Control System will be developed consistent with the glass processability models
determined in the formulation effort. The technology for tracking accountable materials will be
demonstrated.

Key Information Generated/Key Issues Resolved

e determination of whether to use a wet or dry feed for melter

e demonstration of the process for converting CsCl and other potentially incompatible feed ma-
terials to suitable form

e establishment of processing requirements on glass formulation

e development of process criticality control, process quality, and materials accountability sys-
tems

e processing equipment and melter design
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Pilot Facility for Plutonium Vitrification

Prior to completing detailed facility design, it is essential to demonstrate that full scale (glove
box) processes and control strategies work together seamlessly and predictably. For these opera-
tions surrogates will be used in place of radiation barrier (e.g., *’Cs) materials.

Project Objective
Demonstrate processes for making Pu-containing glass logs using realistic equipment and proce-
dures.

Project Description

Using facilities, melter and procedures developed in other tasks, demonstrate full scale opera-
tions, initially using surrogates and later using Pu-containing glass but no radiological barrier.
Demonstrate process control and monitoring systems. Develop operational experience, charac-
terize product and compare to model, and modify unit operations and Process Control System as
appropriate.

Key Information Generated/Key Issues Resolved
¢ demonstration of compatibility of unit processes
¢ demonstration of lack of Pu or neutron absorber segregation in product glasses

Determination of Proliferation Resistance of Plutonium Glasses
Prior to implementation, it is important to demonstrate that Pu glasses meet the spent fuel stan-
dard. '

Project Objective
To document the proliferation resistance of candidate Pu glasses.

Project Description

Process flow sheets for dissolution and recovery of Pu from vitrified immobilization forms will
be determined. Time and cost estimates will be made. Limited validation testing will be per-
formed.

CERAMICS TECHNOLOGY
Two different immobilization alternatives based on ceramics technology are under consideration:

1. Ceramics Greenfield site (Internal Radiation Barrier)
2. Ceramics External radiation barrier (Can-in-Canister)

The logical relationships of key milestones for the ceramic alternatives are shown in diagrammatic

form in Figure 7. A critical concern relates to whether a ceramic can be formulated that meets the
processability and performance requirements
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Figure 7. Ceramic Immobilization - Key Milestones
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Development and Characterization of Optimized Ceramic Formulations for Plutonium
Immobilization

The specific ceramic formulation selected will strongly influence the design and cost of the im-
mobilization facility, as well as the extent of characterization necessary for facility and immobili-
zation form licensing, with a direct impact on implementation schedule. For example, the maxi-
mum allowable Pu loading, which will be set by the limits of process safety and long term per-
formance, may determine facility size and throughput.

Project Objective ,

To formulate, through testing and analysis, a Pu-containing ceramic optimized for safety, per-
formance, processability, and cost effectiveness. To achieve adequate understanding of the ce-
ramic's behavior, both during processing and at long times, so that Title 1 design can be initiated.

Project Description

Detailed ceramic requirements for both processing and long term performance will be documented
with all relevant agencies and departments Guided by existing data and analysis, a range of ce-
ramic formulations will be prepared and characterized for Pu solubility, the influence of required
additives such as neutron absorbers, tolerance for process and compositional variations, proc-
essability, resistance to radiation damage, and long-term chemical durability. Models for Pu
processing parameters and release rates will be developed and used to optimize the formulations.
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These formulations will be characterized, material response models modified as necessary, and
long-term performance testing initiated. This effort will be closely coupled with the Processing
and Equipment Technologies effort to insure that candidate formulations meet processability and
process safety requirements. Completion of this task is not required prior to beginning Title 1
design.

Key Information Generated/Key Issues Resolved

e Pu solubility as a function of ceramic composition

e neutron poison solubility as a function of ceramic composition

e physical and chemical requirements for feedstocks

e effect of radiation damage on stability of immobilization form

e composition of final immobilization form information needed for long-term degrada-
tion/radionuclide release models

e relative release rates of fissile materials and neutron poisons

Process Development, Controls, and Equipment Technologies

Immobilization using ceramics with large weight fractions of Pu has never been implemented in a
production setting. Optimization of the facility for safety, performance, ES&H, and cost effec-
tiveness will require background development for feed stock preparation, process flow, calciner
and press design, material accountability, and process and criticality control. These efforts will
work in close concert with the Ceramic Formulation R&D task.

Project Objective

To understand facility unit processes and production flow well enough to optimize facility and
equipment design, performance, and cost effectiveness (while maintaining adequate safety and
performance margins) during Title 1 and 2 design.

Project Description °

Glove box scale operations will be set up, evaluated and modeled for each unit operation. Proc-
ess schemes will be developed, analyzed and, possibly, tested comparing wet and dry melter feed
streams. The effect of impurities in feed materials on ceramic processability will be evaluated,
and if needed, preprocessing procedures established. For the greenfield alternative, the process
for converting *’CsCl from Hanford to an acceptable feed for ceramics will be demonstrated and
off-gas handling approaches developed. In combination with ceramic formulation efforts and nu-
clear criticality analysis, calciner and press designs will be evaluated and modifications proposed.
A Process/Product Control System will be developed consistent with the ceramic processability
models determined in the formulation effort. The technology for tracking accountable materials
will be demonstrated.
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Key Information Generated/Key Issues Resolved

e determination of whether to use a wet or dry Pu feed

‘e demonstration of process for converting *’CsCl and other potentially incompatible feed mate-
rials to suitable form

e establishment of processing requirements on ceramic formulation development of process
criticality control, process quality, and materials accountability systems

e processing equipment (e.g., hot press, calciner, slurry tank) design

Pilot Facility for Immobilization of Plutonium Using Ceramics
Prior to completing detailed facility design, it is essential to demonstrate that the full scale (glove
box) processes and control strategies work together seamlessly and predictably. For these op-
erations will culminate in the pilot-scale production of Pu-containing ceramics with surrogates
used in place of the radiation barrier materials.

Project Objective
Demonstrate the integration of the slurrying, calcining, and hot-pressing operations needed to
make Pu-containing ceramic immobilization forms using realistic equipment and procedures.

Project Description

Using facilities and procedures developed in other task demonstrate full scale operations, initially
using all surrogates and later using Pu and non-radioactive surrogates for the radiation-barrier.
Demonstrate process control and monitoring systems. Develop operational experience, charac-
terize product, compare to models, and modify unit operations and Process Control System as
appropriate.

Key Information Generated/Key Issues Resolved
e demonstration of compatibility of unit processes
e demonstration of homogeneity of materials in the slurrying and calcination processes

Proliferation Resistance of Plutonium Ceramics
Prior to implementation, it is important to demonstrate that Pu ceramics meet the spent fuel
standard.

Project Objective
To document the prolifération resistance of candidate Pu ceramics.

Project Description

Process flow sheets for recovery of Pu from ceramic immobilization forms will be determined.
Time and cost estimates will be made. Limited validation testing will be performed.
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Session Chair for Introductory Session:
Jill Lytle, US DOE, Office of Environmental Management
Tuesday, December 12, 1995; 8:30 am

Question / Comment 1:

Rob Einziger, Pacific Northwest Nat’l Lab

You mentioned in your talk the need to develop new tools to handle the plutonium. Does the
Department have the funds to develop these new tools and what methodology will the
Department employ to encourage the development of these tools?

Answer: :

Tom Grumbly, US DOE, Office of Environmental Management

Good question. In our 97 budget request, which will be the tightest budget request that has gone
to the hill in a long time, you'll see an initial emphasis on the development of some new
technologies to help us deal with plutonium. As we speak, we're working on moving forward to
stabilize some of the miterial at Savannah River and to include in that stabilization process, the
development of a small pilot scale vitrification plant. I think we're going to have to make larger
investments over the next three or four years. The nature of those investments, I might add, will
come out of meetings like this over the next year as we develop the rest of our budget for the rest
of the century.

Question / Comment 2:

Arjun Makhijani, Institute for Energy and Environmental Research

This question is for Mr. Hurt. You outlined a daunting set of problems at the Savannah River
Reprocessing Plant: they are aging facilities that will need a lot of training, and may be prone to
accidents and so on. You recognize there are some problems. But I would like to know what
safety studies the DNFSB did, or commissioned, to come to the conclusion that operating the
canyon at Savannah River would be safer than storing the fuel as it is, or even better, putting it in
cans the way they did at Hanford in 19807 Also, why you thought it would be quicker and safer?
Finally, would you be willing to share these studies with us?

Answer:

Davis Hurt, Defense Nuclear Facilities Safety Board

We have published a technical report on that subject that’s available, called DNFSB/TECH 7.
This report focused on the question of what we thought the problems would be with continued
wet storage of the fuel. Have you seen that report?

Makhijani:

I know the problems with continued wet storage, but did you (DNFSB) compare them with
problems of (red-oil) explosions in reprocessing or a fire in the island storage tanks, from
degrading high-level waste?
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Hurt:

I think the report made some high level comparisons like that similar to those you described. It’s
available, and if you give me your address, someone on our staff will send it to you. I don’t
think the board has claimed to know what is the absolute right answer. When the DOE
implementation plan for the DNFSB recommendation 94-1 was made about a year ago, DOE
proposed to use both canyons at Savannah River to deal with the variety of fuels and other
materials that required stabilization. Now, that’s my understanding of DOE’s plan as of today,
unless something happens.

Makhijani:

Are you satisfied with the DNFSB recommendation that to operate the reprocessing plant is
really unequivocally a safer option than the others? Have you thoroughly studied this question
before making a recommendation?

Hurt: .

Well, the DNFSB did not specifically recommend operating the plants. We recommended
stabilizing these fuel materials within 2 - 3 years. The Department told us that they would do
that by operating these plants and we said okay. Those plants, if they’re restarted, will be subject
to other board recommendations on safe restart of the facilities, on authorization basis, and on
other things. Now, you probably know, as well as I do, that there is change in the air about what
facilities at Savannah River might be restarted. I don’t know which, but, we could ask Mr.
Grumbly, if he were still here. [Editor’s Note: Tom Grumbly had to leave early for another
engagement] I don’t know what his plans are, but the Board, when they heard about the possible
changes, said we still feel that it’s not safe to leave that fuel in wet storage, and we feel as
strongly about that as before.

Makhijani:
I just want to make a comment that I didn’t read the report you referenced.

Question / Comment 3:

Larry Penberthy, Penberthy Vitrification, Inc.

I have been working with vitrification technology for a long time since my days with Eastman
Kodak in the Optical Division. I first started melting glass electrically, in 1949. I now process it
world wide, 16 million tons of glass a year. Grumbly mentioned “Public” participation. What I
want to emphasize is that there should be “Industry” participation. Industry has a great deal of
information about vitrification glass and the processing technology based on it. What I have here
is some glass made with Hanford sand, basaltic sand, and it has in it 2% samarium oxides as the
surrogate for Pu, and 1% cadmium oxide as a neutron absorber. It’s got a little bit of uranium in
it so that people can’t say, “Well, that’s just black glass that came from the hardware store.”

This is fresh glass made only a couple of weeks ago. The point is, that we need to have a stable
glass, and industry knows very well, based on my publications in 1973, that boric oxide in glass
makes it soluble. Boric oxide makes a glass, and so does silica, but silica is four valent and the
boric is three valent and it does not make a continuous network. The alkali borate separates out
as phases and is very well illustrated in chapter 4 of that book. There is no reason forusto
continue to think that borosilicate glass is a stable form for Pu. Thank you.
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Question / Comment 4:

Marilyn Meigs, BNFL

I thought this was going to be a technical workshop on methods of immobilizing plutonium, but
so long as the debate has been opened up to immobilization and MOX use, I’ll open it up to
policy issues such as nonproliferation objectives. I just wanted to comment that I really don’t
think that the U.S. decision on disposition of U.S. plutonium (excess weapons plutonium) has
any effect on nonproliferation objectives world wide. There are ways that the U.S. can and is
influencing non-proliferation objectives, but I don’t think this is one of them. I think no matter
what the U.S. does with its material, the civilian nuclear fuel industry will continue doing a good
job and doing things as they see fit. I think the Russians will make their decisions based on their
own perceptions and may or may not, hopefully will not, be influenced by the what the U.S.
decides. In any event, %hatever the U.S. decides, BNFL is willing to help in any way it can. It
has a mature industry, thank God, that the rest of the world ‘will stop reprocessing in this country
and we have a lot of technologies both for MOX and in immobilization. We are helping, as
Leonard Gray said, in that we will do whatever we can to support the decision, but
immobilization makes sense from many perspectives. Thank you.

Answer:

Jill Lytle, US DOE, Office of Environmental Managment

I do want to emphasize that although there are obviously some strong feelings among both the
participants here and outside, on the policy issues, we are trying to concentrate on the technical
issues at this conference and to focus on what we can do collectively as technical people to
contribute, in a positive way, to these decisions. Obviously, there are going to be policy aspects
to the decisions, but we want to make sure that the technical side is robust and that we have good
technical information on the table when we’re debating the policy decisions. This is not going to
~ be the venue for that debate: the policy debate.

Question / Comment 5:

Paul, Pacific Northwest Laboratories

Besides the Pu issue, there is also another big problem out there, and that is the area of DOE
spent fuel that’s in storage basins in all sorts of forms. Studies have shown a lot of that fuel may
have to be processed in order to be economically disposed. What is being done to integrate these
2 programs so we can handle these issues and not reinvent the wheel?

Answer:

Jill Lytle, US DOE, Office of Environmental Managment

I think I’1l take that one on since I have the pleasure now of being in charge of the program that
manages both of those issues. I recently moved from the position of directing the waste
management program including Spent Nuclear Fuel (SNF) to this new position in Nuclear
Materials and Facility Stabilization. I brought the SNF with me. So now these two programs are
together. They are also together in the DNFSB 94-1 recommendation. They wisely saw this as
part of a larger picture of the various materials that need to get stabilized in the short term and
also dealt with in the long term. So I appreciate your comment. We are trying to get these two
pieces much more integrated in our technology programs, and also in our analysis and strategic
planning.

77



Questions / Comment 6:

<Questioner not identified>

Dr. Moore, when you mentioned lack of public participation, I was wondering, what ideas do
you have in enhancing and encouraging public participation, and also, in extending invitations to
the public and the Agencies responsible for deciding technical issues?

Answer:
Leroy Moore, Rocky Mountain Peace Center
I have the impression that DOE is an organization that hardly knows what its doing inside itself.
The left hand doesn’t know what the right hand is doing. I’'m glad to hear the response to the
last question, which indicates that there’s some integration. I think that DOE needs to take
seriously its commitment to public participation and to make sure that when an event like this
happens, that members of affected publics from all around the sites are present. These people are
wise, because they are affected and have many questions, only some of which I can begin to get
up here today. I don’t think a meeting like this should happen without some of these people
being present. I know several people really wanted to be here and there was no means for them
to do so. As for other kinds of things, I think that the principal vehicle we have at Rocky Flats
for public participation is the Rocky Flats Citizens Advisory Board. It is only one medium that
we have there. There are others and those need to be taken full advantage of. It’s not simply a
matter of being in the room. That's new of having conversations between people that not so long
ago weren’t talking to each other, hardly knew each other, and were often speaking past each
other. It’s also a matter of paying attention. I could give you numerous examples from Rocky
Flats of the things that the public said that were not being paid attention to and that’s
bothersome, because that’s inefficiency of the worst possible sort. When the public responds
again and again and isn’t heard, it's not going away and even the problems are not going to go
away. We’re in the situation that we are in today because a technical freeze craft in the U.S. that
brought us to this place. I know I’m speaking to the religious group right here right now. This is
the most religious meeting I have been to in a long time. I am speaking to the priesthood. Now,
I admire your technical competence enormously, and I really want to learn from you and I enjoy
very much the opportunity to get to do so, but its very important that the non technical persons
that carry within their bodies the effects of your work are constantly paid attention to so that they
get to be heard and that they have at least some participation in the decisions that are being made.
I knew that question was going to come up and I’m not sure that my answer is very good, except
we need more of it. Thank you.

Jill Lytle, US DOE, Office of Environmental Managment

Thank your very much, we obviously have a challenge both to rise to the occasion both on the
technical side and on the issue of making sure our decision making includes the public interests
groups and everyone who really has a lot to contribute to these decisions. We will try to do
better in the future. I want to thank you, all of you, for your participation, in particular to the
members of the panel for a very good introduction to this conference and in the next three days.

DISCLAIMER

The views expressed in this report are those of the author(s) or the individuals identified as
making the remarks, and do not necessarily reflect any biases, proposed actions, or decisions of
the United States Government or any agency thereof.
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Materials and Conditions Opening Remarks
Ken Scheffter, Westinghouse Savannah River

This is the first technical session in the conference. The conference talks this morning were non-
technical, but this is what we came for, these sessions. I am employed by Westinghouse
Savannah River Company, but I am on temporary assignment with DOE here at Headquarters in
Germantown in DP-22, which is the Office of Materials Management. I am also sharing time
with EM-63, which is the Office of Material & Facility Transition, that governs and watches over
the Savannah River Plant. My role here, this afternoon, will be to introduce the speakers; and we
have three of them.

The Materials and Conditions session is the topic at hand, and what I would like to do first is to
give you a starting point, so to speak, on the amounts of plutonium that are at sites in the U.S.
that we are going to be considering here. This slide is the same basic map of the US that one of
the speakers Dr. Gray, I believe, displayed. It gives you an idea, just an idea of the unclassified
, inventory as of September 1994, the last reconciled inventory that we have, and gives you a

flavor of the types of materials about and the amounts we are talking about. The technical talks
won’t necessarily go into detail on the amounts. These numbers are just to orient your minds to
what we are talking about with plutonium.

Next, I want to state a disclaimer about any positions that the speakers might be taking, or are
apparently taking, or you perceive them taking. This is a technical workshop, as has been stated
before, and especially for any Department of Energy speakers or DOE contractors, it is especially
important to realize that nothing that they say should be taken as a Department of Energy
position on any of the issues at hand at this point. There is another process out there the NEPA
process, that is in progress to rigorously make decisions and that is not the intent of this forum. I
want to make sure that is clear. There is nothing that is said that will indicate that a particular
option has already been chosen or a decision has been made. Also, the expressed views of the
individual speakers do not necessarily represent the DOE positions

Next are some agenda changes. The final conference schedule that you have in your hand shows
four presentations. However, we only have three papers. The paper "14 Tons and Deeper in
Debt" will not be presented. So, we are going to allow the Russian gentleman to extend his talk
a few minutes because of the translation. Then, we will just move up the whole rest of the day,
as we can, by these speakers doing their job and the timer doing her job to keep this rolling. We
might be able to get to the break a little sooner.

Finally, the objectives of this session--Materials and Conditions presentations. The papers will
relate to the following topics, and the question and answer session afterwards will also be
addressing these topics. The first paper will discuss chemical and physical forms of materials
that have been in storage, and will cite both normal examples of the materials and their
conditions in storage, and exceptions to the norm. There will also be application of the lessons
that we have learned from storing these materials in the past years, and up to and including the
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present. We are going to review the present state of technology for stabilization of residues.
That will be the second paper. The final paper will be the handling of some of those residues
from the perspective of the Russian contingent.

During the question and answer session, make sure that as you walk up to the microphone, you
identify yourself clearly, and also speak your question clearly and slowly for both the translations
and for me, the session chair. I have to summarize the question and answer session into a one-
page sheet that we can put into the published proceedings for this Workshop. Thank you very
much for your attention. |

DISCLAIMER
The views expressed in this statement are those of the author(s) and do not necessarily reflect any
biases, proposed actions, or decisions of the United States Government or any agency thereof.
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. Plutonium Storage Phenomenology

Richard Szempruch
Westinghouse Hanford Company
MSIN T5-50
PO Box 1970
Richland, WA 99352

ABSTRACT

Plutonium has been produced, handled, and stored at Department of Energy (DOE) facilities since
the 1940s. Many changes have occurred during the last 40 years in the sources, production
demands, and end uses of plutonium. These have resulted in corresponding changes in the isotopic
composition as well as the chemical and physical forms of the processed and stored plutonium.
Thousands of ordinary food pack tin cans have been used successfully for many years to handle and
store plutonium. Other containers have been used with equal success. This paper addresses the
chemical and physical forms of plutonium in storage and presents examples of the norm and
exceptions to this satisfactory experience. To aid in understanding the challenges of handling
plutonium for storage or immobilization the lessons learned from past storage experience and the
necessary countermeasures to improve storage performance are discussed.

HISTORY OF PLUTONIUM PROCESSING AND STORAGE AT THE DOE SITES

The original mission of the DOE plutonium sites was to supply plutonium metal for national
defense. Plutonium was produced by uranium irradiation in nuclear reactors and irradiated fuel
elements were processed in chemical separations facilities at Hanford and Savannah River to
separate the plutonium from fission products and remaining uranium. The plutonium portion or
product of the separation facility was a nitric acid solution of plutonium. Direct pipe transfer or
heavy-wall stainless steel containers were used to handle and transport this solution to other facilities
where the plutonium solution was converted to metallic plutonium. Urgent demands for large
quantities of plutonium metal during the 1940s and 1950s limited amount and time plutonium was
held in storage. Food pack type tin cans and other containers saw relatively short-term (i.e., weeks
or months) use as a package for plutonium transport and short term storage of metal product.
Production residues stored in such containers, however, were typically stored for longer periods.

In the 1960s, plutonium processing started to change in several ways. Demands for plutonium metal
declined while research in power reactor technology indicated that plutonium in the form of
plutonium dioxide could be used in place of fissionable ***U in power reactor fuel. Later, breeder
reactor research showed how to utilize plutonium oxide as a fuel for breeder reactors. A new
product form, a fine powdery oxide, joined the traditional product form of a single metallic piece
weighing about 2 kilograms. Demands for the oxide powder form increased from grams to
kilograms to thousands of kilograms. In the late 1960s and 1970s the Hanford plutonium facilities
provided almost all of the plutonium oxide used in this country. This included thousands of
kilograms for several Fast Flux Test Facility (FFTF) cores.

The declining demand for metallic plutonium initiated interim and finally long-term storage of the
metal. Some metal has been in storage over 25 years. Production strategies for the oxide dictated
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scheduling production between metal production campaigns and a degree of overproduction to allow
for process losses, out of specification product, and ability to fulfill unanticipated requests for
kilogram quantities of plutonium oxide for research efforts. Storage of oxide product prior to
sh1pment as well as production overrun material became common.

In the 1960s the Hanford plutonium facility was provided with plutonium scrap recovery capability.
Plutonium scrap from military application research and virtually all from commercial and breeder
reactor research was returned to Hanford for recovery of the plutonium. This scrap, which had a
wide variety of chemical and physical forms, was added to the growing inventory of plutonium
metal and oxide being stored at Hanford and other sites. Cans stored soon numbered in the
thousands. Radiation levels and ambient temperatures in storage vaults increased.

Vaults such as the typical pedestal storage vault shown in Figure 1 were used to store these cans.
Fundamentally, it is an open room with floor-to-ceiling vertical pedestals to which steel storage cups
have been welded. Cans of plutonium are placed in the cups for storage. A large storage vault
contains over a thousand storage positions. A later version of pedestal storage incorporated concrete
shleldmg around small groups of pedestals for radlatlon shleldmg of personnel is shown in Flgure 2.

Figm- 1 Open room storage vault
contains hundreds of storage positions for

food pack type cans. Personnel entering Figure 2 Newer storage vault design utilizes
this room are directly exposed to radiation concrete cubicles with concrete shielding doors to
from every can. reduce personnel radiation exposures.
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During the 1960s and 1970s other changes were taking place which would ultimately impact the
plutonium storage. The isotopic composition of much of the plutonium changed. The declining
demand for plutonium metal caused N Reactor production to be changed from nominal 6% *°Pu
weapons-grade plutonium to nominal 12% **Pu. The 12% *°Pu material as used for breeder
reactor research and in the FFTF cores. Commercial nuclear reactors and some government
experimental reactors produced plutonium with higher *Pu content which was commonly referred
to as fuels-grade plutonium. Much of this material has been stored in Hanford plutonium storage
vaults as metal, oxide, or scrap. Since the late 1980s many of the defense related plutonium
activities in the DOE have been shut down and the number of nuclear warheads reduced. This has
resulted in a buildup of large inventories of excess weapons grade plutonium metal and other forms
at Rocky Flats, Pantex and to lesser degrees at other sites.

PLUTONIUM CHARACTERISTICS

Plutonium is a mixture of isotopes with varying important physical properties (i.e,, those relating to
storage). The exact mixture of isotopes produced is the result of many complex physical
characteristics of .nuclear reactor hardware and operation as well as fuel cycle operations. Reactor
power level, length of fuel exposure, neutron flux energy spectrum and other factors influence the
production rates of the individual plutonium isotopes. Table 1 shows some plutonium isotopic
distributions which may be considered typical and illustrates the wide distribution of plutonium
isotopes.

TABLE 1. Plutonium Isotopic Mixtures.

Weight Percent _T
Plutonium Type
#8py %Py 20py #1py 2Py
Weapons Grade 0.004 92.84 6.48 0.61 0.23
12 % 0.04 86.20 11.80 1.70 0.15
Fuels Grade 1.40 70.12 15.67 10.70 2.10
High Exposure or 0.57 65.08 23.36 7.66 »3.34
Reactor Grade | ) f

The mixtures shown in Table 1 are listed in order of increasing #*°Pu content. The %°Pu content is
the usual way that the general pedigree of the plutonium is characterized. Technically, no precise
line separates the types although certain **Pu levels have been administratively designated as cut-off

points.



Table 2 presents properties of the individual isotopes that are of interest in plutonium handling and
storage. .

TABLE 2. Properties of Plutonium Isotopes.

" Property 8Py 25Pu 240py Uipy %Py

| Halttife years) | 89.6 24000 |6600  '|132 380,000
Principal means of | Alpha - Alpha Spontaneous | Beta Spontaneous
decay Fission Fission
Significant None None None 21Am None
daughters of decay
Curies per gram 17.0 0.061 0.22 112 0.004
Decay heat 0.56 0.002 0.007 0.003 0.001
(watts/gram)

Except for 2?Pu, each isotope has some attribute that is of concern in plutonium handling and
storage:

- 28Pu--high decay heat (0.56 watts/gram) must be dissipated
- 29pyfissionable material requires nuclear criticality prevention considerations
- 20py—relatively high spontaneous fission rate results in neutron exposures

- %1py__short half-life decay to *'Am which has high decay heat (0.12 watts/gram) and
high gamma radiation. '

In addition to the nuclear properties outlined, the physical and chemical forms of plutonium have
characteristics that also affect plutonium handling and storage. Based on experience gained in
successfully storing ton quantities of various forms of plutonium for decades and the lessons learned
from the relatively few incidents of less than adequate storage conditions, the behavior of plutonium
in storage is predictable. The following discussion and illustrations are intended to display the
breadth of plutonium characteristics that must be dealt with whether the plutonium will be stored,
stabilized or immobilized.
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PLUTONIUM METAL
o Very high density (about 19.4 g/cc) material.
0 Chemically stable in most finished product forms.

0 Somewhat pyrophoric if impurity content or decay heat is high. Can combine with
oxygen at ambient temperature to form plutonium oxide.

0 When reacted with hydrogen or carbon, unstable compounds can result.
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Figure 4 High decay heat of fuels grade Figure 5 Radiograph of 2 kilogram me
plutonium can result in high temperatures as ingot stored for 25 years in sealed food pack
evidenced by this charred label. cans shows little indication of corrosion.

Figure 6 Radiograph sh