
XA9746027
US-RUSSIA COOPERATION IN THE DISPOSITION OF
WEAPONS GRADE FISSILE MATERIALS

H.R. CANTER
US Department of Energy, Washington, DC, United States of America

D.A. MCARTHUR
Sandia National Laboratories, Arlington, VA, United States of America

N. YEGOROV
Ministry of Atomic Energy of the Russian Federation, Moscow, Russian Federation

A. ZRODNIKOV
Institute of Physics and Power Engineering, Obninsk, Russian Federation

Abstract

In response to the changes in the international geopolitical scene, the United States and Russia have
embarked in new directions regarding their nuclear weapons stockpiles. Both countries have entered a period in
which significant numbers of nuclear weapons are being withdrawn from their stockpiles and dismantled. Large
quantities of materials usable in weapons, including plutonium, are no longer required for defense purposes. On
January 14, 1994, U.S. President Clinton and Russian President Yeltsin issued a statement on "Nonproliferation of
Weapons of Mass Destruction and The Means of Their Delivery," in which the Presidents endorsed the goal of
irreversibility of nuclear arms reductions and tasked their experts jointly to "study options for the long-term
disposition of fissile materials, particularly of plutonium, taking into account the issues of nonproliferation,
environmental protection, safety, and technical and economic factors." This paper traces the development of
international technical cooperation on disposition of Russian weapons-grade plutonium, since disposition of Russian
high enriched uranium is already being addressed by downblending into low enriched uranium for nuclear power
reactor fuel. Development of options for disposition of plutonium has been addressed by diplomatic contacts between
U.S. and Russia, followed by discussions and studies of disposition options by technical experts. This process has
evolved into a recently-developed program of small-scale technology demonstrations that will support design of pilot
facilities for disposition of plutonium. Experience gained in the operation of the pilot facilities will permit the design
of full-scale plutonium disposition facilities to achieve irreversible disposition of plutonium as envisioned by the U.S.
and Russian Presidents in their January 1994 statement. For this pressing problem, there remains technical work to be
done, there remains political work to be done, and there remains financial work to be done.

1. BACKGROUND

In response to the changes in the international geopolitical scene, the United States and
Russia have embarked in new directions regarding their nuclear weapons stockpiles. Both countries
have entered a period in which significant numbers of nuclear weapons are being withdrawn from
their stockpiles and dismantled. Large quantities of materials usable in weapons, including
plutonium, are no longer required for defense purposes. On January 14, 1994, U.S. President Clinton
and Russian President Yeltsin issued a statement on "Nonproliferation of Weapons of Mass
Destruction and The Means of Their Delivery," in which the Presidents endorsed the goal of
irreversibility of nuclear arms reductions and tasked their experts jointly to "study options for the
long-term disposition of fissile materials, particularly of plutonium, taking into account the issues of
nonproliferation, environmental protection, safety, and technical and economic factors." The April
1996 Summit on Nuclear Safety and Security of the leaders of the G-7 nations and Russia in Moscow
focused additional attention on this pressing problem of international security. The assembled
leaders agreed that these excess stockpiles should be reduced as soon as practicable, while ensuring
effective nonproliferation controls, by means that would transform these materials "into spent fuel or
other forms equally unusable for nuclear weapons." Disposition of U.S. weapons grade plutonium
and high enriched uranium are discussed at this Symposium in the paper on "The U.S. Program for
Disposition of Excess Weapons Plutonium" by M. Bunn (see page 79 of this publication).
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This paper traces the development of bilateral U.S./Russian technical cooperation on
disposition of Russian weapons-grade plutonium. Disposition of Russian highly enriched uranium is
already being addressed by downblending into low enriched uranium for nuclear power reactor fuel.
Other countries besides the U.S. have expressed interest in assisting the Russians or are working with
Russia on preparation for disposal of these excess weapons plutonium. For example, as an outgrowth
of its AIDA-MOX program, France, in cooperation with Germany, has proposed a "DEMOX" pilot
facility in Russia to produce mixed oxide (MOX) fuel for plutonium disposition in Russian power
reactors.

Development of options for disposition of plutonium has been addressed by diplomatic
contacts between the USA and Russia, followed by discussions and studies of disposition options by
technical experts. This process has evolved into a recently-developed program of small-scale
technology demonstrations that will support design of pilot facilities for disposition of plutonium.
Experience gained in the operation of the pilot facilities will permit the design of full-scale
plutonium disposition facilities to achieve irreversible disposition of plutonium as envisioned by the
U.S. and Russian Presidents in their January 1994 statement.

2. EARLY HISTORY OF U.S./RUSSIAN COOPERATION

A U.S./Russian meeting on the Disposition of Plutonium, in accordance with the January 14,
1994 statement by the Presidents, was convened in January 1995. The purpose of that meeting was
to initiate study of alternatives for the long term disposition of plutonium resulting from the
dismantlement of nuclear armaments, taking into consideration nuclear nonproliferation, safety,
environmental protection, and technical and economic factors. After reviewing technical
presentations on research related to plutonium disposition alternatives, the U.S. and Russian sides
agreed to conduct joint work to develop consistent comparisons of the agreed-upon plutonium
disposition alternatives. The anticipated result of this work was to be a report for presentation to
appropriate governmental organizations of both sides. This report would address nuclear
nonproliferation, safety, environmental protection, and technical and economic factors.

3. JOINT UNITED STATES/RUSSIAN STEERING COMMITTEE

A U.SVRussian Joint Steering Committee on Plutonium Disposition, which coordinates and
approves joint technical work on plutonium disposition, was formed in late September, 1995. The
Joint Steering Committee meets alternately in the U.S. and Russia to review results of technical
research, and to review and approve proposals for additional research, testing, and small-scale
demonstration experiments performed primarily in Russia. The Joint Steering Committee directs the
work of Technical Working Groups established as required for each technical area (Water Reactors,
Fast Reactors, Immobilization, and Pit Disassembly and Conversion). Each Technical Working
Group has U.S. and Russian co-chairs, and adds U.S. and Russian technical specialists as required to
perform its work. The Joint Steering Committee has been performing its work under the authority of
the January 14, 1994 statement of Presidents Yeltsin and Clinton, and under a subsequent agreement
between Secretary of Energy O'Leary and Minister of Atomic Energy Mikhailov signed on August
20, 1996.

4. DEFINITION OF JOINT UNITED STATES/RUSSIAN PLUTONIUM DISPOSITION
STUDY

In October, 1995 the technical working groups under the guidance of the Joint Steering
Committee initiated a study of the identified plutonium disposition options. The goal of the study
was to provide decision makers with a set of consistently evaluated plutonium disposition options.
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This goal was to be reached by a two component process: establishing a commonly agreed upon set
of technical facts relating to plutonium disposition technology, and establishing a basis for economic
evaluation of the disposition options. The deliverable was a report providing a consistent comparison
of a range of options for plutonium disposition, using the criteria specified by the two Presidents, for
presentation to appropriate governmental organizations of both nations.

Each option was evaluated against the criteria specified by the presidents:

• Nonproliferation: Provide resistance to theft or diversion, resistance to retrieval, extraction or
reuse, and timeliness in beginning and completing disposition.

• Environmental Protection and Safety: Meet established standards of environmental protection
and public and worker health and safety.

• Technical Factors: Assess technical viability and technical readiness of each step in the
disposition process.

• Economic Factors: Implement the disposition options in a cost-effective manner.

• Public and Institutional Acceptance: Evaluate the prospect for achieving public and institutional
approval, steps in the process for which it may be particularly difficult to gain approval, and
actions that could be taken to increase the chances of success.

Joint Working Groups were established for analysis of each alternative for plutonium
management. Two cross-cutting working groups, economics and nonproliferation, were established
to ensure consistent comparisons of all the options in those areas. The technical working groups
were based on the following relatively mature plutonium disposition options:

WATER REACTORS: Water reactors belong to the most common types of reactors used
both in Russia and the U.S. In Western Europe, there is considerable experience in use of plutonium
as a component of mixed oxide as fuel for such reactors. Neither Russia nor the U.S. has large scale
experience with water reactor mixed oxide fuel or large scale facilities for producing mixed oxide
fuel.

FAST REACTORS: Russia has one fast reactor, the BN-600 at Beloyarsk, and has
experience in the utilization of plutonium, including weapons grade plutonium, in fast neutron
reactors. U.S. experience is more limited; the U.S. has recently terminated its fast reactor program.

LONG-TERM STORAGE: The plutonium being removed from dismantled nuclear
weapons, as well as that from separated spent nuclear fuel, requires safe and secure long term
storage. Such storage is essential for all options.

BURIAL IN GEOLOGICAL FORMATIONS: Both the U.S. and Russia have developed
technologies for geologic repositories and deep boreholes, but neither country has experience in
geologic disposal of plutonium. The U.S. was studying such disposal.

IMMOBILIZATION: Both the U.S. and Russia have some experience in immobilizing high
level radioactive waste in borosilicate glasses and other materials. However, neither country has
experience in large scale immobilization of plutonium. The U.S. was studying options for large scale
immobilization of plutonium, and both countries are interested in the possibility for immobilization
of scrap and residues.

STABILIZATION OF SOLUTIONS AND OTHER FORMS: Both the U.S. and Russia have
some plutonium in unstable forms that are not suitable for extended storage. Both countries have an
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interest in examining options for stabilizing these materials in preparation for long term storage and
disposition. The task of this group was to consider stabilization measures for this limited quantity of
plutonium, not to consider an option for disposition of the larger total quantity of excess plutonium.

5. REPORT OF JOINT UNITED STATES/RUSSIAN PLUTONIUM DISPOSITION STUDY

As a baseline for the study, disposition of 50 tonnes of excess plutonium in each country was
assumed, with illustrative estimates for disposition of 75 and 100 tonnes to clarify economic impacts
of increased disposition amounts. The report consists of a very short Executive Summary; a longer
Summary Report on all aspects of the study; and a series of final technical reports on technically-
mature disposal options: Water Reactors, Fast Reactors, Storage, Geologic Disposal, Immobilization,
Conversion and Stabilization, and Nonproliferation. Technical reports on the technically less mature
disposition options (High-Temperature Gas-Cooled Reactors and Accelerator-Based Conversion)
were prepared by the Russian Federation and were also included. English and Russian versions of
the report text were approved in August, 1996. The English-language version of the full report was
published in September, 1996 [1] and the Russian-language version was received in March 1997. A
combined English/Russian version of only the Executive Summary and Summary Reports has also
been prepared.

The Joint U.S./Russian Plutonium Disposition Study considered both first steps in managing
excess plutonium - including secure storage, conversion of plutonium weapons components to other
forms, and stabilization of unstable forms of plutonium - and options for disposition of excess
plutonium. These options include use as fuel in water reactors and fast reactors (Russia only), and
immobilization in glass or ceramics. Ensuring effective nonproliferation control was to be achieved
by meeting the "spent fuel standard" [2], according to which the plutonium would be transformed
"into spent fuel or other forms equally unusable for nuclear weapons." It concluded that each of
these options could accomplish the mission of disposition of the 50 tonnes of excess weapons
plutonium assumed for analysis over the next two to four decades, while meeting the criteria of
nonproliferation, safety, and protection of health and the environment. Each of the options was
judged to be technically feasible, though they are not equally technically mature. For both the United
States and Russia, reactor options involving known and demonstrated reactors and MOX fabrication
technologies were judged to have the highest level of technical maturity, followed by immobilization
technologies that have been demonstrated with high-level wastes containing trace quantities of
plutonium.

Stringent standards of physical protection, control, and accounting should be maintained
throughout the process of disposition, regardless of the option chosen. The process of converting
plutonium weapons components to other forms, when the material is still in an extremely attractive
form for weapons use, requires particular attention to security and accounting, but is common to all
the options. Bilateral monitoring can be a useful initial step, and might be possible to apply earlier in
the process than IAEA safeguards. International safeguards could be applied to the plutonium as
soon as it is converted from weapon component form (also referred to as a "pit" in the U.S.) to a
metallic ingot or oxide powder which does not reveal sensitive weapon design information.

The most timely disposition options were judged to be the immobilization and reactor
options, both of which are capable of accomplishing disposition of 50 tonnes of plutonium within 20
- 40 years from when the program begins. While geologic disposal of immobilized plutonium in
deep boreholes technically could be the quickest option to implement, the period required to
immobilize plutonium, to select an appropriate site, to substantiate the environmental safety of this
site, and to acquire the needed licenses and political approvals could be quite long. In addition,
MINATOM believes that in Russia, where the official policy is to separate plutonium from spent fuel
for civilian use, plutonium immobilization approaches would require gaining new licenses and
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political approvals for geologic emplacement of plutonium-bearing materials; such approvals could
be difficult to obtain.

To accomplish plutonium disposition more quickly, Russia is considering the use of both
fast-neutron and thermal-neutron reactors, including future reactors as they become available. There
are eleven operating VVER-1000 reactors in the Ukraine that might be used along with Russia's
seven operating VVER-1000 reactors for disposition of some of Russia's excess plutonium. Canada
has suggested that both U.S. and Russian excess weapons plutonium might be burned as fuel in
Canadian reactors, with the MOX fuel fabricated in the U.S. and Russia.

The report concludes that the primary obstacles to accomplishing plutonium disposition are
not technical but financial and political: the need to finance the large initial capital investments
required for all options, and the need to gain necessary licensing and political approvals. All of the
options considered would require initial capital investments of hundreds of millions, or billions, of
dollars. Options involving maximum use of existing facilities generally would be less costly than
options requiring major new construction. All of the options considered are capable of meeting high
standards of protection for environment, safety, and public health, if sufficient resources are applied.
The United States and Russia need not use the same plutonium disposition technology. Indeed, given
the very different economic circumstances, nuclear infrastructures, and fuel cycle policies in the two
countries, it is possible that the best approaches will be somewhat different in the two countries.

In both countries, secure interim storage is an essential first step for all options; processing
plutonium from weapons components or other forms is also an essential step for both countries, and
will involve substantial effort. In addition, disposition of U.S. and Russian excess weapons
plutonium should proceed in parallel, with the goal of reductions to equal levels of military
plutonium stockpiles. To facilitate the objective of disposition as rapidly as practical, if the reactor
option is pursued, the resulting material should not be reprocessed and recycled at least until current
excess stockpiles of separated plutonium are eliminated.

6. JOINT UNITED STATES/RUSSIAN TECHNICAL PROJECTS ON PLUTONIUM
DISPOSITION

As the results of the Joint U.S./Russian Plutonium Disposition Study began to emerge, the
focus of the U.S./Russian cooperation began to shift from conceptual studies to laboratory scale
experiments (i.e., small scale demonstration experiments using plutonium from dismantled weapons),
and initial work supporting safety analyses and approvals which would be required for Russian
implementation of disposition options.

In May 1996 the Joint Steering Committee approved the following projects:

• Validation of computer codes for modeling safety of weapon-grade MOX use in WER-1000
reactors;

• Fabrication of WER-1000 MOX with plutonium from dismantled nuclear weapons;

• Fabrication of CANDU MOX pellets with plutonium from dismantled nuclear weapons, for
shipment to Canada for irradiation in the Chalk River test reactor (in support of the PARALLEX
project);

• Tests and demonstrations of immobilization of plutonium in glass;

• Evaluation of the Russian cold wall crucible for immobilization on plutonium;
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• Tests and analysis of plutonium sorption in rock, modeling its behavior in geologic repositories;

• Use of U.S. safety codes to analyze conversion of the existing BN-600 reactor to a plutonium
"burner."

One demonstration project involves trilateral international cooperation. Canada has
suggested that both U.S. and Russian excess weapons plutonium might be burned as MOX fuel in
Canadian heavy water CANDU reactors. In this option, MOX fuel containing excess weapons
plutonium would be manufactured in both the United States and Russia, shipped to Canada, burned in
Canadian CANDU reactors, and the spent fuel would be retained for disposal by Canada. To
demonstrate the necessary technology and exercise the required governmental approvals, a parallel
experiment ("PARALLEX") was proposed: a small amount of MOX fuel containing U.S. excess
weapons plutonium would be fabricated and shipped to Canada, and a similar amount of MOX fuel
containing Russian excess weapons plutonium would also be fabricated in Russia and shipped to
Canada. The U.S. and Russian fuel would be irradiated in a Canadian test reactor at Chalk River,
thus demonstrating plutonium disposition in a third country on an early time scale.

Contracts for most of the preceding projects have now been negotiated with participating
Russian institutes, with specific milestones, deliverables, and payments. The technical work
performed in Russia under each contract is done in cooperation with an appropriate U.S. National
Laboratory. Contract deliverables in the form of reports, technical information exchanges, and
laboratory research results now are being received under these contracts.

Pit disassembly and subsequent conversion to plutonium oxide powder form is a requirement
for all disposition options. As powder, the plutonium can be subjected to international verification
without compromising sensitive weapon information. This would represent a very significant step
forward toward nonproliferation goals. Therefore a recent focus of U.S./Russian cooperative effort
has been initiating the development of a Pit Disassembly and Conversion/Non Destructive Assay
Pilot Facility. The pit disassembly and conversion process could be based on one of several
technologies under development in the U.S. and Russia. Since the preferred disposition option in
Russia is to burn the excess plutonium as MOX fuel in Russian reactors, the choice of a pit
conversion process will be determined by such factors as environmental impact, importance of
impurities to MOX fuel performance, and the characteristics of the plutonium oxide powder which
permit manufacturing of MOX fuel to accepted specifications. At the most recent Joint Steering
Committee meeting in Los Alamos, New Mexico, U.S., the Committee therefore approved
proceeding with a feasibility study of an Integrated Pit Disassembly and Conversion Pilot Line, and
an Integrated Non-Destructive Assay System. A portion of the funding will be used in Russia to
compare several candidate chemical processes for conversion of plutonium from metal to oxide. In
particular, the oxide powder produced by each candidate conversion process will be evaluated with
regard to the quality of the MOX fuel pellets which can be produced from it. A fuel specification
which is compatible with Russian reactor standards and the requirements of the MOX fuel fabrication
process (e.g. the French/German DEMOX plant requirements or accepted European MOX fuel
standards) is expected to result from this work.

7. U.S. RECORD OF DECISION ON PLUTONIUM DISPOSITION OPTIONS

On January 14, 1997, the United States Department of Energy (USDOE) issued a "Record of
Decision for the Storage and Disposition of Weapons-Usable Fissile Materials Final Programmatic
Environmental Impact Statement." The DOE announced its decision to pursue a dual path for
plutonium disposition: "DOE's strategy for disposition of surplus plutonium is to pursue an approach
that allows immobilization of surplus plutonium in glass or ceramic material for disposal in a
geologic repository pursuant to the Nuclear Waste Policy Act, and burning of some of the surplus
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plutonium as mixed oxide (MOX) fuel in existing, domestic, commercial reactors, with subsequent
disposal of the spent fuel in a geologic repository pursuant to the Nuclear Waste Policy Act."

8. CONCLUSIONS

The problem of disposition of excess weapons plutonium is a substantial and difficult one.
Early agreement at the highest political level by the U.S. and Russia allowed a substantial technical
study to be done on a mutual, bilateral basis. The U.S. and Russia have taken significant initial steps
in designating national leaders for this effort, in identifying appropriate experts, in identifying and
agreeing on options, and in beginning some initial small-scale demonstrations. Still, much remains to
be done, and the effort required clearly is too large for just the U.S. and Russia. Also it is clear that
no single government can finance the effort needed.

For this pressing problem, there remains technical work to be done, there remains political
work to be done, and there remains financial work to be done. The world community must be
prepared to contribute to all of these.
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