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PREFACE v

Preface

With the end of the Cold War, the United States and the nations of the
former Soviet Union are engaged in arms reductions on an unprecedented scale.
What to do with the materials from the tens of thousands of nuclear weapons to
be dismantled has become a pressing problem for international security. This
study results from a request to the National Academy of Sciences' Committee on
International Security and Arms Control (CISAC) by General Brent Scowcroft,
then the National Security Adviser to President Bush. Scowcroft asked for a full-
scale study of the management and disposition options for plutonium after
hearing a CISAC briefing on its discussions in March 1992 with a counterpart
group from the Russian Academy of Sciences. The Clinton administration
confirmed CISAC's mandate in January 1993.

The formal U.S. government sponsor of the report is the Office of Nuclear
Energy of the Department of Energy (DOE). Additional support for the project is
being provided by the John D. and Catherine T. MacArthur Foundation and
National Research Council funds. The MacArthur Foundation and the Carnegie
Corporation of New York provide core support for CISAC, including its policy
reports.

CISAC is a standing committee of the academy, unlike most National
Research Council committees, which are formed to conduct a particular study and
then dissolved. Established in 1980 to bring the scientific and technical
capabilities of the academy to bear on problems of international security,
CISAC's members include distinguished scientists, engineers, and policy experts.
CISAC's objectives are to (1) engage similar organizations in other countries in
discussions of international security and arms control policy; (2) develop
recommendations and other initiatives on scientific and technical issues related to
international security and arms control; and (3) respond to requests for analysis
and information from the government. John P. Holdren (Class of 1935 Professor
of Energy, University of California-Berkeley) serves as chair, with Catherine
McAurdle Kelleher (Senior Fellow, The Brookings Institution) as vice-chair.
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CISAC's former chair, Wolfgang K.H. Panofsky (Professor and Director
Emeritus, Stanford Linear Accelerator Center, Stanford University), chairs the
plutonium study project. With the exception of Joshua Lederberg, who was
unable to participate in the project, all members of CISAC took part in the study
and have unanimously endorsed this report.

In carrying out its study, CISAC focused on the substantial security risks
posed by these excess nuclear weapons and materials. The committee examined
the stages of the reductions process, beginning with dismantlement of nuclear
weapons, continuing through intermediate storage of the fissile materials from
those weapons, and ending with long-term disposition of those materials. The
committee focused specifically on the political and institutional context of these
steps, both nationally and internationally. The committee has attempted to
evaluate the consequences of each step for enduring, stable nuclear arms
reductions and for improving the prospects for nuclear nonproliferation.

One important set of options would introduce the plutonium into nuclear
reactors or into the waste stream from nuclear reactors. In order to supplement the
committee's technical expertise for examining these options, CISAC formed a
small Panel on Reactor-Related Options for the Disposition of Excess Weapons
Plutonium, headed by John P. Holdren, to evaluate and make recommendations to
the committee. The panel report, which is being published as a companion
volume, was subject to a separate peer review by the National Academy of
Sciences.

The study proved to be a huge undertaking, demanding hundreds of hours of
research, discussion, and drafting from committee and panel members who were
operating under a tight schedule to produce the report in time to be most valuable
for U.S. policymaking. The committee and the panel received dozens of briefings
from U.S. government and private experts, visited sites in the U.S. nuclear
weapons production complex, and traveled to Russia, where they met with major
figures involved in formulating that country's policy on disposition.

The CISAC staff provided invaluable assistance throughout the course of the
study. Study Director Matthew Bunn, who supported both the committee and the
panel reports, deserves special recognition. Not only did he draft much of the full
committee report, and portions of the panel report, he also coordinated the effort
and did research on key issues that greatly enriched the study. Mr. Bunn produced
prodigious quantities of work in amazingly short time and made major
intellectual contributions to the study's development. It could not have been
completed without him.

CISAC's staff director, Jo Husbands, also deserves recognition. She provided
crucial guidance and support throughout the study, with unfailing intelligence and
unflappable good humor. She also kept the committee's other projects on track
while the study was under way. Lois Peterson and Monica Oliva, CISAC's
research associate and research assistant, respectively, labored long and hard to
provide both substantive and administrative assistance, including much of the
work of preparing the manuscript for publication. La'Faye

Copyright National Academy of Sciences. All rights reserved.


https://nap.nationalacademies.org/catalog/2345?s=z1120

Management and Disposition of Excess Weapons Plutonium

PREFACE vii

Lewis-Oliver, CISAC's Administrative Assistant, provided essential
administrative support throughout the process.

The issue of management and disposition of plutonium from arms
reductions has a long history and a voluminous literature, stretching back almost
to the beginning of the nuclear age. In recent years, these issues have been studied
by a wide variety of groups and individuals in the United States, including those
associated with the Department of Energy and other agencies of the U.S.
government, the Office of Technology Assessment, the Natural Resources
Defense Council, the Federation of American Scientists, the Center for Science
and International Affairs at Harvard University, the Institute for Energy and
Environmental Research, several Department of Energy laboratories, and a
variety of private companies. Groups and individuals in Russia, Europe, Japan,
and elsewhere have also examined the problem. In carrying out its study, CISAC
benefited greatly from this substantial body of prior work, and extensive
communications with many of those involved in it, for which the committee is
profoundly grateful.

In addition, CISAC was fortunate to receive help from many parts of the
Department of Energy. Staff members from DOE headquarters and facilities,
including Hanford, Savannah River, Los Alamos, and Lawrence Livermore,
generously gave time to help clarify and resolve technical issues, as well as
providing access to relevant experts and materials. The Idaho National
Engineering Laboratory merits particular recognition for its significant effort,
without charge to the academy, to analyze several aspects of the reactor
disposition options, such as nonfertile reactor fuels. Without this assistance, it
would have been impossible for the committee to examine these issues in the
depth required, with the time and personnel at its disposal.

Finally, but not least, CISAC received invaluable assistance from William
G. Sutcliffe of Lawrence Livermore National Laboratory, who served as an
unpaid consultant and an informal liaison to DOE for the project. His contacts
and his own extensive knowledge of both the substance and the policy process
for these issues were often indispensable.

There are no easy answers to the problems posed by the fissile materials that
are part of the legacy of the Cold War arms competition between the United
States and the former Soviet Union. As the committee makes clear in its study,
the issues it addresses and the options it outlines and evaluates will be of critical
importance to the future prospects for nonproliferation and arms reduction.
Action is urgently needed, and the study is a road map to assist policymakers as
they make these difficult choices. In CISAC's words, "The existence of this
surplus material constitutes a clear and present danger to national and
international security. None of the options yet identified for managing this
material can eliminate this danger; all they can do is to reduce the risks."

Bruce Alberts

President, National Academy of Sciences
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EXECUTIVE SUMMARY 1

Executive Summary

Under the first and second Strategic Arms Reduction Treaties (START I and
IT) and unilateral pledges made by Presidents Bush, Gorbachev, and Yeltsin,
many thousands of U.S. and Russian nuclear weapons are slated to be retired
within the next decade. As a result, 50 or more metric tons of plutonium on each
side are expected to become surplus to military needs, along with hundreds of
tons of highly enriched uranium (HEU). These two materials are the essential
ingredients of nuclear weapons, and limits on access to them are the primary
technical barrier to acquisition of nuclear weapons capability in the world today.
Several kilograms of plutonium, or several times that amount of HEU, are
sufficient to make a nuclear weapon.

The existence of this surplus material constitutes a clear and present danger
to national and international security. None of the options yet identified for
managing this material can eliminate this danger; all they can do is to reduce the
risks. Moreover, none of the options for long-term disposition of excess weapons
plutonium can be expected to substantially reduce the inventories of excess
plutonium from nuclear weapons for at least a decade.

PRINCIPAL RECOMMENDATIONS

Our study of this problem leads us to the following four principal
recommendations:

1. A New Weapons and Fissile Materials Regime. We recommend that the
United States work to reach agreement with Russia on a new, reciprocal
regime that would include:

(a) declarations of stockpiles of nuclear weapons and all fissile materials;
(b) cooperative measures to clarify and confirm those declarations;
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(c) an agreed halt to the production of fissile materials for weapons; and
(d) agreed, monitored net reductions from these stockpiles.

Monitoring of warhead dismantlement and commitment of excess fissile
materials to non-weapons use or disposal, initially under bilateral and later under
international safeguards, would be integral parts of this regime, as would some
form of monitoring of whatever warhead assembly continues.

2. Safeguarded Storage. We recommend that the United States and Russia
pursue a reciprocal regime of secure, internationally monitored storage of
fissile material, with the aim of ensuring that the inventory in storage can
be withdrawn only for non-weapons purposes.

3. Long-Term Plutonium Disposition. We recommend that the United States
and Russia pursue long-term plutonium disposition options that:

(a) minimize the time during which the plutonium is stored in forms readily
usable for nuclear weapons;

(b) preserve material safeguards and security during the disposition process,
seeking to maintain the same high standards of security and accounting
applied to stored nuclear weapons;

(c) result in a form from which the plutonium would be as difficult to
recover for weapons use as the larger and growing quantity of plutonium in
commercial spent fuel; and

(d) meet high standards of protection for public and worker health and for the
environment.

The two most promising alternatives for achieving these aims are:

* fabrication and use as fuel, without reprocessing, in existing or modified
nuclear reactors; or
* vitrification in combination with high-level radioactive waste.

A third option, burial of the excess plutonium in deep boreholes, has until
now been less thoroughly studied than have the first two options, but could turn
out to be comparably attractive.

4. All Fissile Material. We recommend that the United States pursue new
international arrangements to improve safeguards and physical security
over all forms of plutonium and HEU worldwide. In particular, new
cooperative efforts to improve security and accounting for all fissile
materials in the former Soviet Union should be an urgent priority.

Because plutonium in spent fuel or glass logs incorporating high-level
wastes still entails a risk of weapons use, and because the barrier to such use
diminishes with time as the radioactivity decays, consideration of further steps to
reduce the long-term proliferation risks of such materials is required, regardless
of what option is chosen for disposition of weapons plutonium. This global effort
should include continued consideration of more proliferation-resistant
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https://nap.nationalacademies.org/catalog/2345?s=z1120

Management and Disposition of Excess Weapons Plutonium

EXECUTIVE SUMMARY 3

nuclear fuel cycles, including concepts that might offer a long-term option for
nearly complete elimination of the world's plutonium stocks.

On September 27, 1993, the Clinton administration announced a non-
proliferation initiative that included some first steps in the directions
recommended above, among them a proposal for a global convention banning
production of fissile materials for weapons; a voluntary offer to put U.S. excess
fissile materials under International Atomic Energy Agency (IAEA) safeguards;
and a recognition that plutonium disposition is an important non-proliferation
problem requiring renewed interagency, and ultimately international, attention.
This is a much needed and timely start; more, however, remains to be done.

CRITERIA AND CONTEXT
The steps we recommend are designed to meet three key security objectives:

1. to minimize the risk that either weapons or fissile materials could be
obtained by unauthorized parties;

2. to minimize the risk that weapons or fissile materials could be
reintroduced into the arsenals from which they came, thereby halting or
reversing the arms reduction process; and

3. to strengthen the national and international arms control mechanisms and
incentives designed to ensure continued arms reductions and prevent the
spread of nuclear weapons.

Other key criteria include protecting worker and public health and the
environment; being acceptable to the public and the institutions whose approval
is needed; and, to the extent consistent with other criteria, minimizing costs and
delays.

We note that the expenditures implied by all our recommendations combined
would total at most several billion dollars, spread over a period of a decade or
decades. Since the primary objective is the reduction of major security risks,
these expenditures should be considered in the context of the far larger sums
being spent every year to provide national and international security. Thus,
although the costs of alternate approaches are important and are discussed in the
report, cost is not the primary criterion in choosing among competing options.
Moreover, exploiting the energy value of plutonium should not be a central
criterion for decision making, both because the cost of fabricating and
safeguarding plutonium fuels makes them currently uncompetitive with cheap and
widely available low-enriched uranium fuels, and because whatever economic
value this plutonium might represent now or in the future is small by comparison
to the security stakes.
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World Stocks of Fissile Materials

The problem of management and disposition of excess weapons plutonium
must be considered in the context of the large world stocks of fissile materials.
While all but a small fraction of the world's HEU is in military use, civilian
stocks of plutonium are several times larger than military stocks and are growing
much faster, by some 60 to 70 tons each year. Most of these civilian stocks,
however, are in the form of radioactive spent fuel from the world's power
reactors, from which the plutonium is difficult to extract. The difficulty of
extracting this plutonium declines substantially as the radioactivity of the fuel
decays over the decades after it leaves the reactor. Roughly 130 tons of plutonium
have been separated from spent fuel for reuse as reactor fuel, of which some 80 to
90 tons remains in storage in separated form.

Plutonium customarily used in nuclear weapons (weapons-grade plutonium)
and plutonium separated from spent reactor fuel (reactor-grade plutonium) have
different isotopic compositions. Plutonium of virtually any isotopic composition,
however, can be used to make nuclear weapons. Using reactor-grade rather than
weapons-grade plutonium would present some complications. But even with
relatively simple designs such as that used in the Nagasaki weapon—which are
within the capabilities of many nations and possibly some subnational groups—
nuclear explosives could be constructed that would be assured of having yields of
at least 1 or 2 kilotons. Using more sophisticated designs, reactor-grade plutonium
could be used for weapons having considerably higher minimum yields. Thus, the
difference in proliferation risk posed by separated weapons-grade plutonium and
separated reactor-grade plutonium is small in comparison to the difference
between separated plutonium of any grade and unseparated material in spent fuel.

While plutonium and HEU can both be used to make nuclear weapons, there
are two important differences between them. The first is that HEU can be diluted
with other, more abundant, naturally occurring isotopes of uranium to make low-
enriched uranium (LEU), which cannot sustain the fast-neutron chain reaction
needed for a nuclear explosion. LEU is the fuel for most of the world's nuclear
power reactors. In contrast, plutonium cannot be diluted with other isotopes of
plutonium to make it unusable for weapons. "Re-enriching" LEU to the
enrichment needed for weapons requires complex enrichment technology to
which most potential proliferators do not have access, while separating plutonium
from other elements with which it might be mixed in fresh reactor fuel requires
only straightforward chemical processing. Thus, the management of plutonium in
any form requires greater security than does the management of LEU.

Second, as noted earlier, in the current nuclear fuel market, the use of
plutonium fuels is generally more expensive than the use of widely available LEU
fuels—even if the plutonium itself is "free"—because of the high fabrication
costs resulting from plutonium's radiological toxicity and from the security
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precautions required when handling it. As a result, while most of the world's
roughly 400 nuclear reactors could in principle burn plutonium in fuel containing a
mixture of uranium and plutonium (mixed-oxide or MOX fuel), few—and none
in the United States—are currently licensed to do so.

The United States has agreed to buy 500 tons of surplus Russian HEU,
blended to LEU, for $11.9 billion over the next 20 years, provided certain
conditions are met. The United States will later resell the material to fulfill the
demand for nuclear fuel on the domestic and world markets. While the purchase
of Russian plutonium could, similarly, be justified on security grounds, both the
security aspects and the economics of using plutonium as reactor fuel would be
less attractive than in the case of LEU.

Because of the more difficult technical and policy issues involved, this
report focuses primarily on the disposition of plutonium rather than HEU.

The International Environment

The management and disposition of plutonium from dismantled nuclear
weapons will take place within a complex international context that includes the
arms reduction and nonproliferation regimes of which this problem is an element,
the continuing crisis in the former Soviet Union, worldwide plans for civilian
nuclear energy (particularly the use of separated plutonium), and existing
approaches to safeguards and security for nuclear materials.

Recent nuclear arms reduction agreements and pledges, along with national
decisions concerning what stocks of plutonium are to be declared "excess," will
largely set the parameters of how much plutonium will require disposition and
when it will become available. The reductions agreements entail a complex and
uneven schedule of reductions in deployed launchers between now and 2003. As
yet, no agreement exists to govern the dismantlement of the surplus nuclear
weapons, or the modes of storage and eventual disposition of the fissile
materials, although discussions of some aspects of the problem are under way.
Mutually agreed, monitored provisions for the disposition of fissile materials
could help enhance political support for implementation of START II and for
agreement on deeper reductions.

The current crisis in the former Soviet Union creates a variety of risks with
respect to the management and disposition of nuclear weapons and fissile
materials. We categorize these as dangers of:

* "breakup," meaning the emergence of multiple nuclear-armed states where
previously there was only one;

e '"breakdown," meaning erosion of government control over nuclear
weapons and materials within a particular state; and

e 'breakout," meaning repudiation of arms reduction agreements and
pledges, and reconstruction of a larger nuclear arsenal.
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Breakup is the most immediate threat, mainly because of uncertainty over
whether Ukraine will carry out its denuclearization pledges. Security concerns
may well be the driving factors in Ukraine's ultimate decision, but that decision
could be affected by measures that ensure that weapons and fissile materials
transferred to Russia will not be reused for military purposes, and that provide
compensation for these materials.

Breakdown of the elaborate system of control of nuclear weapons and fissile
materials in the former Soviet Union remains a possibility, despite Russian
efforts to maintain the former Soviet systems for this purpose. The thefts of
conventional weapons and nuclear materials other than plutonium and HEU that
have already occurred are disturbing. Enhanced assistance in improving security
and accounting for fissile materials in the former Soviet Union is a potentially
high-leverage area deserving urgent attention. The broad regime of accounting we
recommend could provide an important basis for additional steps to improve
security of these materials.

Breakout seems unlikely in the near term. The significant nuclear arsenals
that each side will retain under START II will further reduce any motivation that a
future Russian government might have for taking such a step. Ratification and
implementation of START I and START II are not yet assured, however. The
steps that we outline would reduce the potential for breakout, and provide a
foundation for deeper reductions and for the inclusion of additional parties in the
future.

The foundation of the nuclear nonproliferation regime is the Non-
Proliferation Treaty (NPT), which is up for extension in 1995. Agreements for
secure, safeguarded management and disposition of fissile materials from surplus
nuclear weapons could help make clear that the nuclear powers are fulfilling their
disarmament obligations under Article VI of the NPT. Moreover, acceptance by
the major nuclear powers of safeguards and constraints on substantial portions of
their nuclear programs would help to reduce the inherently discriminatory nature
of the nonproliferation regime. These steps, while probably not dissuading all
nations that might be attempting to acquire nuclear weapons, would help build
global political support for indefinite extension of the NPT and strengthening the
regime, which are major U.S. policy goals.

International efforts to reduce the proliferation risks posed by the existence
of civilian plutonium and enriched uranium rest on safeguards, which are
national and international measures designed to detect diversion of materials and
enable a timely response, and security, which consists of (currently national)
measures designed to prevent theft of materials through the use of barriers,
guards, and the like. Standards for both vary widely. Those applied to civilian
materials, even separated plutonium and HEU, are less stringent than those
applied to nuclear weapons and fissile material in military stocks. Varying and
lower standards may be justified in the case of spent fuel for the first decades
outside the reactor, when its high radioactivity makes it difficult to steal or
divert, but they are not justified in the case of separated civilian plutonium or

Copyright National Academy of Sciences. All rights reserved.


https://nap.nationalacademies.org/catalog/2345?s=z1120

Management and Disposition of Excess Weapons Plutonium

EXECUTIVE SUMMARY 7

HEU. New steps toward improved and consistent international standards should
be pursued.

Choices regarding the fissile materials from dismantled weapons may also
affect and be affected by civilian nuclear power programs, a topic that depends
on economic, political, and technical factors outside the scope of this study. In
some countries, nuclear power programs already include the use of plutonium in
the fuel loaded into reactors. But the amount of weapons plutonium likely to be
surplus is small on the scale of global nuclear power use—the equivalent of only a
few months of fuel for existing reactors—and it is not essential to the future of
civilian nuclear power. There is thus no reason that disposition of this weapons
plutonium should drive decisions on the broader questions surrounding the future
of nuclear power.

The production of tritium was not part of our charge, and we have not
examined alternatives for this purpose in detail. We believe, however, that there
is no essential reason why plutonium disposition and tritium production need be
linked, and there appear to be good arguments why they should not be.
Technically, the scale of the plutonium disposition task is very much larger than
any trittum production requirement. From a policy perspective, producing
weapons materials in the same facility that was destroying other weapons
materials would raise political and safeguards issues.

THE PROPOSED WEAPONS AND FISSILE MATERIALS
REGIME

We recommend a broad transparency regime for nuclear weapons and fissile
materials, as outlined above. This regime could be approached step-by-step, with
each step adding to security while posing little risk. The regime we envision
would include a variety of measures applying to each phase of the life cycle of
military fissile materials: production and separation of the materials; fabrication
of fissile material weapons components; assembly, deployment, retirement, and
disassembly of nuclear weapons; and storage and eventual disposition of fissile
materials. These measures should be mutually reinforcing, to build confidence
that the information exchanged is accurate and that the goals of the regime are
being met.

There is likely to be some resistance to a regime of full accounting and
monitoring of total weapons and fissile material stocks and facilities, but such a
regime meets objectives shared by the United States and Russia (and, for that
matter, by many other countries). Moreover, extensive data exchanges and
verification measures have already been agreed for deployed strategic nuclear
forces and other military systems.

Declarations of total stocks of weapons and fissile materials, with their
locations, coupled with exchanges of operating records and inspections of
material production sites, would reduce the large uncertainty in present estimates
of these stocks. Fissile material production facilities and their operating

Copyright National Academy of Sciences. All rights reserved.


https://nap.nationalacademies.org/catalog/2345?s=z1120

Management and Disposition of Excess Weapons Plutonium

EXECUTIVE SUMMARY 8

records can be examined to confirm consistency with reported production
figures, and stocks of fissile materials and weapons at declared sites can be
confirmed through routine and occasional challenge inspections. The
commitment of the Russian and U.S. governments to such declarations and the
progressive opening of Russian society should make it less likely that a stockpile
or production facility of any significant size could be hidden.

Dismantlement should also be monitored. The United States is dismantling
its nuclear weapons at a rate of somewhat less than 2,000 per year, with a goal of
increasing that rate to 2,000—the maximum rate permitted by available facilities;
personnel; and environment, safety, and health (ES&H) considerations. The
plutonium components ("pits") are being placed intact into containers and put in
intermediate storage at the Pantex disassembly site near Amarillo, Texas. The
HEU components are being shipped to the Y-12 plant at Oak Ridge, Tennessee,
for storage and eventual use as naval or civilian reactor fuel. Russian spokesmen
have declared that Russia is dismantling nuclear weapons at four sites, at a rate
comparable to the U.S. rate, and is storing the materials at several existing sites.

Neither the United States nor Russia plans to monitor the other's
dismantlement, although limited Ukrainian monitoring is reported to be in place
in Russia. Means exist or could be developed to monitor dismantlement without
undue interference or costs, while protecting sensitive information. As with other
parts of the regime, some declassification would be necessary to permit effective
monitoring. The basic approach would be a variant of the perimeter-portal
monitoring system now in place to verify that missiles banned by the
Intermediate-Range Nuclear Forces treaty are not being produced; war-heads
entering and leaving the facility would be counted, and amounts of fissile
material measured. Such monitoring could be applied without undue interference
with necessary maintenance and modification of the remaining military stockpile.

A cutoff of production of weapons materials would require monitoring of
enrichment and reprocessing facilities. Still greater confidence could be achieved
if all fuel cycle facilities were monitored. These tasks could be carried out by
bilateral or international monitors (or both), using means that have met
international acceptance in nonproliferation verification. Continued production of
HEU for naval reactors and tritium for nuclear stockpile maintenance would
introduce some complications, but these could readily be addressed through
careful design of the agreement and the monitoring system.

The United States is no longer producing plutonium or HEU for weapons.
Russia has also ceased production of HEU for weapons, but is still operating
plutonium production reactors and separating the resulting weapons-grade
plutonium. The Russian government asserts that these reactors provide necessary
heat and power to surrounding areas, and that the fuel must be reprocessed for
safety reasons. The United States has begun discussions with Russia about
assistance in converting these reactors so that separated weapons plutonium is
not
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generated, or in providing alternate power sources, but these discussions remain
embryonic.

Internationalizing the Regime

The security goals outlined above would be best served if the standards set
by this regime for managing U.S. and Russian excess weapons and fissile
materials were extended worldwide. In particular, new agreements should be
pursued to:

1. create consistent, stringent international standards of accounting and
security for fissile materials;

2. end all production of fissile materials for nuclear weapons, worldwide;

3. create an international system of declarations and inspections covering
declared nuclear weapons arsenals, including reserves, and fissile material
stocks (complementing the declarations and inspections already required of
non-nuclear-weapon-state parties to the Non-Proliferation Treaty); and

4. create an international safeguarded storage regime under which all
civilian fissile materials not in immediate use would be placed in agreed
safeguarded storage sites, with agreed levels of physical security.

The TAEA secretariat and organizations in several countries are now
working on concepts for such universal reporting and safeguarding of civilian
fissile materials. These steps, and others that we recommend, would require
increased resources for the IAEA, as well as organizational improvements. In
some cases resources could be provided specifically for a new task. But the
agency also urgently needs more resources overall.

INTERMEDIATE STORAGE

Present and Planned Arrangements

It will be necessary to provide secure intermediate storage of surplus
weapons plutonium for decades, since long-term disposition will take years to
start and possibly decades to complete. In both the United States and Russia,
fissile materials from dismantled weapons are currently stored in the form of
weapons components, some at the dismantlement site and some elsewhere.
Neither country has yet decided how much will be held in reserve. No monitoring
or transparency measures relating to storage of these fissile materials are yet in
place, although the Clinton administration has announced that U.S. excess fissile
materials will be placed under international safeguards, and Russia has expressed
willingness to do the same. Russia and the United States also have tens of tons of
weapons-grade plutonium not incorporated in weapons that are stored in various
forms at several sites in their weapons complexes.
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In the United States, plutonium from weapons is being stored temporarily in
simple "igloos" at Pantex, the dismantlement site. This arrangement provides high
security and generally adequate standards of protection for environment, safety,
and health. Given the stability of both the pits and the facilities at the site, there is
no technical or economic reason why this arrangement could not be continued for a
considerable time, but the public and the authorities in the area surrounding the
site have been assured that interim storage there will not be extended beyond a
decade. To meet that pledge, and to provide improved storage for plutonium in
other forms now stored at several widely dispersed sites, the Department of
Energy proposes to invest in a new, consolidated facility for long-term storage at a
site to be selected. No full analysis of the advantages and disadvantages of this
approach compared to upgrading existing storage facilities has been completed.
We therefore do not offer a recommendation, though we recognize the safeguards
and security advantages that a new consolidated facility might offer.

Less is known about Russian storage arrangements. Russia has requested,
and the United States has agreed to provide, assistance in constructing a storage
facility for excess fissile materials from weapons. We support construction of a
facility designed to consolidate all these excess weapons materials, as this would
facilitate security and international monitoring.

There is considerable debate concerning the optimum physical form in
which to store plutonium. We recommend that, for the time being, plutonium
continue to be stored in the form of intact weapons components. Decades of
experience have demonstrated that pits are relatively safe and stable, and storage
in this form would postpone the costs and ES&H issues of conversion to other
forms. Although the design of pits is sensitive, international monitors could
externally assay the amount of plutonium in a canister containing a pit without, in
most cases, revealing sensitive design information. Intact pits can more easily be
reused for weapons by the state that produced them than plutonium in other
forms, but they probably do not pose substantially greater proliferation risks than
storage as deformed pits or metal ingots. Deformation of pits and perhaps other
steps to reduce the rearmament risk should be given serious consideration, and
should be undertaken if they can be accomplished at relatively low cost and
ES&H risk.

One cannot be confident, however, that plutonium in pits can be stored
without degradation for more than a few decades. When a definite decision
regarding long-term disposition has been made, the pits should be converted into
the forms required for that disposition option, under agreed safeguards and
security.
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A New Storage Regime

The following measures constitute a regime for intermediate storage of
surplus fissile materials that serves the objectives noted earlier with minimum
disruption to the process of dismantlement and storage:

1. Commitment to Non-Weapons Use. The United States and Russia should
commit a large fraction of the fissile materials from dismantled weapons to
non-weapons use. They should agree on the specific amounts.

2. Safeguarded Storage and Disposition. The preceding commitment should
be verified by monitoring of the present and future sites where fissile
materials are stored, and continued monitoring of the material after it
leaves these sites for long-term disposition.

3. IAEA Involvement. Although such monitoring might begin bilaterally, the
TAEA should be brought into the process expeditiously, in an expansion
and strengthening of its nonproliferation role. The IAEA would monitor the
amount of material in the storage site and safeguard any material removed
from the site to ensure its use for peaceful purposes. Such safeguards would
be an extension of the existing safeguards system. Bilateral monitoring
would probably continue as well.

Financial or other incentives could be provided to Russia for putting the
material into storage. Management, control, or outright ownership of the stores
and the material in them might be transferred to other parties, such as an
international consortium formed for that purpose. The material might even be
physically relocated to some other country, possibly in return for cash, as in the
case of the HEU deal. Such incentives would not obviate the need for, and are
secondary to, prompt agreement on a storage regime along the lines
recommended here.

LONG-TERM DISPOSITION

Categories, Criteria, and Standards

The technical options for long-term disposition of excess weapons plutonium
can be divided into three categories:

* indefinite storage, in which the storage arrangements outlined in the
previous section would be extended indefinitely;

* minimized accessibility, in which physical, chemical, or radiological
barriers would be created to reduce the plutonium's accessibility for use in
weapons (either by potential proliferators or by the state from whose
weapons it came), for example, by irradiating the plutonium in reactors or
mixing it with high-level wastes; and

* elimination, in which the plutonium would be made essentially completely
inaccessible, for example, by burning it in reactors so completely that only a
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few grams would remain in a truckload of spent fuel, or by launching it into
deep space.

In both the "minimized accessibility" and the "elimination" categories, some
of the options use the plutonium to generate electricity, while others dispose of
the plutonium without using its energy content. Both classes of options would
involve net economic costs. The electricity generation options would produce
revenues, but the costs of using plutonium to produce this electricity would be
higher than the costs of generating it using enriched uranium. The current Russian
government nonetheless sees weapons plutonium as a valuable asset and
therefore strongly prefers options that use the plutonium.

Risks of Storage. Although intermediate storage is an inevitable step
preceding all disposition options, it should not be extended longer than
necessary. Maintaining this material in a readily weapons-usable form over the
long term would send negative political signals for nonproliferation and arms
reduction, and the security offered by indefinite storage against the risks of
breakout and theft is entirely dependent on the durability of the political
arrangements. Indeed, one of the key criteria by which disposition options should
be judged is the speed with which they can be accomplished, and thus how
rapidly they curtail these risks of storage.

Risks of Handling—The "Stored Weapons Standard." Although options in
the "minimized accessibility" and "elimination" classes decrease the long-term
accessibility of the material for weapons use, they could increase the short-term
risks of theft or diversion because of the required processing and transport steps.
In order to ensure that the overall process reduces net security risks, an agreed
and stringent standard of security and accounting must be maintained throughout
the disposition process, approximating as closely as practicable the security and
accounting applied to intact nuclear weapons. We call this the "stored weapons
standard." These risks of handling are a second key criterion for judging
disposition options.

Risks of Recovery—The "Spent Fuel Standard." A third key security criterion
for judging disposition options is the risk of recovery of the plutonium after
disposition. We believe that options for the long-term disposition of weapons
plutonium should seek to meet a "spent fuel standard"—that is, to make this
plutonium roughly as inaccessible for weapons use as the much larger and
growing quantity of plutonium that exists in spent fuel from commercial reactors.
Options that left the plutonium more accessible than these existing stocks would
mean that this material would continue to pose a unique safeguards problem
indefinitely. Conversely, the costs, complexities, risks, and delays of going
beyond the spent fuel standard to eliminate the excess weapons plutonium
completely, or nearly so, would not be justified unless the same approach were to
be taken with the global stock of civilian plutonium. Over the long term,
however, steps beyond the spent fuel standard will be necessary—for both the
weapons plutonium and the larger civilian stock—as described below.
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In addition, policymakers will have to take into account the political impact
that the use of excess weapons plutonium in reactors, or the disposal of that
plutonium, would have on nuclear fuel cycle debates abroad. Whatever choice it
makes, the United States will have to explain how that choice fits into the broader
context of its nonproliferation and fuel cycle policies.

The Preferred Approaches

The best means of plutonium disposition may well differ in the United
States and Russia, given that the two countries have different economies, reactor
and waste infrastructures, and plutonium fuel policies, and given that very
different safeguards and security risks currently pertain.

As noted above, there are two options that hold especially strong promise of
being able to meet the criteria just outlined: the use of plutonium as fuel in
existing or modified reactors without reprocessing, and vitrification together with
high-level wastes. A third option, burial in deep boreholes, might prove on
further study to be on a par with the first two. We now describe each of these
options in turn.

The Spent Fuel Option

Excess weapons plutonium could be used as fuel in reactors, transforming it
into intensely radioactive spent fuel similar in most respects to the spent fuel
produced in commercial reactors today. This use could probably begin within
approximately 10 years (paced by obtaining the necessary fuel fabrication
capability and the needed approvals and licenses) and be completed within 20 to
40 years thereafter (paced by the number of reactors used, the fraction of the
reactor core using plutonium fuel, the percentage of plutonium that this fuel
contains, and the amount of time that the fuel remains in the reactor). Examples
include:

* U.S. Light-Water Reactors. The predominant commercial reactors in the
world today are light-water reactors (LWRs). Without major
modifications, typical LWRs could burn a fuel consisting of mixed oxides
of plutonium and uranium (MOX) in one-third of their reactor cores. Four
existing LWRs in the United States (three operational at Palo Verde in
Arizona, and one 75 percent complete in Washington State) were designed
to use MOX in 100 percent of their reactor cores; a single such reactor,
using fuel containing somewhat more plutonium than would be used if
energy production alone were the aim, could transform 50 tons of weapons
plutonium into spent fuel in 30 years. Alternatively, other operating or
partly completed reactors could also be modified to use full MOX cores, or a
new full-MOX reactor might be built on a government site, with costs
partly offset by later sales of electricity.
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Although the United States has no operating MOX fuel fabrication
capability, there is an unfinished facility at the Hanford site that could be
completed and modified for this purpose; alternatively, a new MOX facility
could be built in roughly a decade, at significantly higher cost.

This option is technically demonstrated, as LWRs in several countries
are burning MOX fuels today. Environmental, health, and safety risks can
be minimized with the application of money and good management,
although some of the specifics of how best to do so require further study.
Use of MOX fuels, however, would be controversial in the United States,
where such fuels are not now used, and gaining licenses and public
approval could raise difficulties. The subsidy required to transform 50 tons
of plutonium into spent fuel in this way (compared to the cost of producing
the same electricity by the means with which it would otherwise be
produced) would probably fall in the range from a few hundred million to a
few billion dollars, depending on assumptions and on the specific approach
chosen.

* Russian Light-Water Reactors. Similarly, Russian plutonium could be used
as MOX in Russian VVER-1000 reactors (the only existing reactors in
Russia likely to be safe enough and long-lived enough for this mission).
VVER-1000s that are not yet operational, but that the Russian government
plans to complete for electricity production, could be modified to handle
full MOX cores, or such modifications could be incorporated in operating
reactors during the shutdowns for safety improvements that are now
planned. Because of the current political and social upheaval in Russia,
safeguards and security risks would be substantial. The current Russian
government's preference for storing plutonium until it can be used in the
next generation of Russian liquid-metal fast reactors is not attractive
because of the indefinite time before disposition could begin, the security
liabilities of prolonged storage, and the high cost of these reactors.

e CANDUs. Existing Canadian deuterium-uranium (CANDU) reactors are a
technically attractive possibility for this mission, because the reactor design
allows them inherently to handle full-MOX cores, with less change from
the usual physics of the reactor than in the case of LWRs. The cost of this
option is difficult to estimate, as no one has yet attempted to fabricate MOX
fuel for CANDU reactors on any significant scale. We do not know
whether the opportunity for Canada to participate in an important
disarmament process, combined with possible U.S. subsidies for the
project, would be attractive enough to cause that country to reverse its
long-standing policy against the use of fuels other than natural uranium in
its power reactors.

* Substitution for Civilian Plutonium. Utilities in Europe and Japan currently
plan to use more than 100 tons of reactor-grade plutonium in MOX fuels
over the next decade. If excess weapons plutonium from Russia or the
United States were substituted for this material—with an associated delay
in separation

Copyright National Academy of Sciences. All rights reserved.


https://nap.nationalacademies.org/catalog/2345?s=z1120

Management and Disposition of Excess Weapons Plutonium

EXECUTIVE SUMMARY 15

of plutonium from civilian spent fuel, so that additional excess stocks of
civilian plutonium did not build up as a result—disposition of 50 or even
100 tons of plutonium could be accomplished relatively rapidly (since the
facilities required are already built and licensed, or scheduled to be) and
with comparatively small net additional safeguards risks (since after the
initial transport, all the facilities handling plutonium would have done so in
any case). However, the agreements required to implement this option
would be complex and probably difficult to reach. Substantial changes in a
variety of existing contracts and programs would have to be made, and
transport of weapons plutonium to these countries would be controversial.

* New Reactors for the Plutonium Mission. Given the high costs and long
times required for the construction of new reactors, building such reactors
for the mission of transforming weapons plutonium into spent fuel would
be justifiable only if problems of licensing and public acceptance made
currently operating or partly completed reactors unavailable (and only, of
course, if the reactor-MOX option were deemed preferable to the
vitrification and deep-borehole approaches). If that proves to be the case,
the new reactors should be built on a government-owned site and should be
of sufficiently well-proven design so as not to create additional technical
and licensing uncertainties. Reactors we have examined of more advanced
design do not offer sufficient advantages for this mission to offset the extra
costs and delays that their use would entail. In particular, the use of
advanced reactors and fuels to achieve high plutonium consumption
without reprocessing is not worthwhile, because the consumption fractions
that can be achieved—between 50 and 80 percent—are not sufficient to
greatly alter the security risks posed by the material remaining in the spent
fuel. Development of advanced reactors and fuel types is of interest for the
future of nuclear electricity generation, including the minimization of
safety and security risks, but the timing and scope of such development
need not and should not be governed by the current weapons plutonium
problem.

The Vitrification Option

An alternative means of creating similar radioactive and chemical barriers to
weapons use of this material would be to mix it with radioactive high-level waste
(HLW) left from the separation of plutonium from weapons and other defense
activities. Under current plans, HLW will be mixed with molten glass (vitrified)
to produce large glass logs. These logs, like spent reactor fuel, will be stored for
an interim period and then placed in a geologic repository. The logs would pose
radiological barriers to handling and processing similar to those of spent LWR
fuel a few decades old. Incorporating plutonium into these logs appears feasible,
although technical questions remain. These technical issues are more substantial
than those facing the MOX options, but licensing and public approval appear
easier to obtain in the vitrification case, at least in the
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United States. Vitrification raises fewer security risks in handling than the MOX
option, because the process of mixing plutonium with HLW would be easier to
safeguard than the more complex process of fabricating MOX. This might be of
particular importance in the current Russian context. Russian vitrification efforts
have so far focused on a phosphate glass that is less appropriate for this mission
than the borosilicate glass used in the United States and elsewhere because it is
less durable and offers less protection against the possibility of an unplanned
nuclear chain reaction once plutonium is embedded in it. New technologies for
comparatively small melters could be transferred to Russia for this purpose. So
far, however, the Russian officials responsible for these issues have rejected
disposal options such as vitrification.

The Deep-Borehole Option

Disposal in deep boreholes has been examined in several countries as an
approach to spent fuel and HLW management, and is still being examined in
Sweden. Because of the very great depth of the holes, there are good reasons to
believe that the materials emplaced would remain isolated from the environment
for periods comparable to or possibly longer than those expected for the geologic
repository case, but significant uncertainties must be resolved. Plutonium in such
boreholes would be extremely inaccessible to potential proliferators, but would be
recoverable by the state in control of the borehole site. The method would be
relatively inexpensive to implement, but developing sufficient confidence to
permit licensing could be costly and time-consuming; the United States has
expended decades and billions of dollars in preparation for such licensing in the
case of geological repositories for spent fuel and HLW.

All three of these options have the potential to be satisfactory next steps
beyond interim storage in the disposition of excess weapons plutonium. None of
them, however, could be confidently selected until currently open questions,
described in Chapter 6 of this report, are answered.

Other Approaches

A variety of other reactors have been proposed for this mission, such as
high-temperature gas-cooled reactors, fast-neutron reactors, or various existing
research or plutonium production reactors. Existing reactors other than the LWRs
and CANDUSs described above should be rejected on grounds of the uncertain
availability and safety of those reactors with sufficient capacity. The advanced
reactors, as noted above, are not competitive for this mission because of the cost
and delay of their development, licensing, and construction.

A variety of exotic disposal options have also been proposed, including
sub-seabed disposal, detonation in underground nuclear explosions, launching
into deep space, and dilution in the ocean, among others. This report rejects all
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of these on grounds of retrievability, cost, delay, environmental concerns, or
conflict with existing policies and international agreements.

Beyond the Spent Fuel Standard

Long-term steps will be needed to reduce the proliferation risks posed by the
entire global stock of plutonium, particularly as the radioactivity of spent fuel
decays. Options for reducing these risks could include placement of spent fuel in
geologic repositories, or pursuit of fission options that would burn existing
plutonium stocks nearly completely. A variety of reprocessing-oriented reactor
options have been proposed for this mission, ranging from the use of standard
LWRs to challenging concepts such as accelerator-based conversion. The costs of
these approaches would be in the tens or hundreds of billions of dollars, and the
time scales would be many decades or centuries, depending on the choice of
options. These technologies can only be realistically considered in the broader
context of managing the future of nuclear power to provide energy while
minimizing the risk of nuclear proliferation, an important task that is beyond the
scope of this committee. To further refine these concepts, research on fission
options for near-total elimination of plutonium should continue at the conceptual
level.

Although all the plausible disposition options will take many years to
implement, it is important to begin now to build consensus on a road map for
decision. Such a road map would provide guidelines for the necessary national
and international debate to come, focus further efforts on those options most
likely to minimize future risks, and provide plausible end points for the process
that the near-term steps will set in motion. Research and development should be
undertaken immediately to resolve the outstanding uncertainties facing each of
the options.

THE INSTITUTIONAL FRAMEWORK

The institutional and political issues involved in managing weapons
dismantlement, intermediate storage of fissile materials, and long-term
disposition may be more complex and difficult to resolve than the technical ones.
Because disposition options will require decades to carry out, it is critical that
decisions throughout be made in a way that can muster a sustainable consensus.
The entire process must be carefully managed to provide adequate safeguards,
security, and transparency; to obtain public and institutional approval, including
licenses; and to allow adequate participation in the decision making by all
affected parties, including the U.S. and Russian publics and the international
community. Adequate information must be made available to give substance to
the public's participation.

These issues cover a broad institutional and technical spectrum. Establishing
fully developed arrangements for managing these tasks will require an unusually
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demanding integration of policy under conditions of dispersed authority and
intense political sensitivity. In the United States, jurisdiction over fissile material
and fabricated weapons is divided between the Department of Energy (DOE) and
the Department of Defense (DOD) in different phases of the deployment cycle.
Each department has many subordinate divisions involved. Related diplomacy is
handled by the State Department and the Arms Control and Disarmament
Agency, with input from DOE and DOD. Numerous other agencies perform
supporting functions. The relevant installations are authorized and financed by
Congress, regulated by independent agencies and commissions, constrained by
state laws, and increasingly affected by public opinion in their surrounding
communities. Policy debates too often focus on specific options, such as
particular reactor types, rather than the comprehensive view required to make
choices for this complex problem. The consequences of this fragmentation are
illustrated in a related area by the fact that technical assessment of the U.S. high-
level waste repository at Yucca Mountain is incomplete after two decades of
work and billions of dollars of expenditure, and final licensing is not projected
for another two decades. These challenges to comprehensive policymaking are at
least as great in Russia, where they must be surmounted in the midst of
continuing political and economic upheaval.

None of the governments involved have previously faced the problem of
handling excess plutonium in the quantities now contemplated, and none appear
to have developed policies and procedures likely to be adequate to the task. Yet
decisions are urgent, since without new approaches even the near-term tasks of
dismantlement and storage are not likely to meet all of the required security
criteria.

In these areas, the United States bears a special burden of policy leadership.
If demanding technical assessments are to be completed, if consensus is to be
forged, and if implementation is to be accomplished in reasonable time, major
advances in the formulation and integration of policy and in institutional
coordination will be needed. The president should establish a more systematic
process of interagency coordination to deal with the areas addressed in this
report, with sustained top-level leadership. The new interagency examination of
plutonium disposition options envisioned in President Clinton's September 27,
1993, nonproliferation initiative is a first step in that direction, but much more
remains to be done.
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1

Introduction: Task and Context

THE TASK

With the end of the Cold War, the world is faced for the first time with the
need to manage the dismantlement of vast numbers of "excess" nuclear weapons
and the disposition of the fissile materials they contain. If recently agreed
reductions are fully implemented, tens of thousands of nuclear weapons,
containing a hundred tons or more of plutonium and many hundreds of tons' of
highly enriched uranium (HEU), will no longer be needed for military purposes.
These two materials are the essential ingredients of nuclear weapons, and limits
on access to them are the primary technical barrier to acquiring nuclear weapons
capability in the world today. Several kilograms of plutonium, or several times
that amount of HEU, are sufficient to make a nuclear weapon.2 These materials
will continue to pose a potential threat to humanity for as long as they exist.

The task of managing this reversal of the arms competition is complicated by
the breakup of the Soviet Union and the continuing political and economic

! Throughout this report metric tons (MT) are used as the measure of the amounts of plutonium and
HEU; all references to tons are to metric tons. One metric ton is 2,205 pounds, roughly 10 percent
more than an English ton.

2 For purposes of this study, 4 kilograms of plutonium per weapon will be used as a planning
figure. The minimum quantities of plutonium or HEU needed to make a weapon are not well defined,
since they depend on the design. Actual quantities used in U.S. weapons are classified.
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crises in the former Soviet states. There are substantial risks that more than one
nuclear state could arise from the former Soviet Union, that the recently agreed
arms reductions could stall, and that control over nuclear weapons or fissile
materials could erode, increasing the danger that they would fall into the hands of
unauthorized parties. Urgent actions are required to secure and account for these
weapons and materials.

The task is pressing, but the solutions will be complex, expensive, and
long-term. The process can be divided into three distinct but overlapping phases:
dismantlement of nuclear weapons, intermediate storage of fissile materials, and
long-term disposition of those materials.? Figure 1-1 outlines the policy choices at
each stage; Figure 1-2 gives an idea of the time scales involved. For each of these
stages, critical policy choices must be made, with wide-ranging implications for
both arms reduction and nonproliferation. Indeed, without new approaches to
managing the reductions process, it is unlikely that long-term U.S. arms reduction
and nonproliferation objectives can be achieved.

Dismantlement of weapons and storage of the resulting fissile materials are
already under way. Final disposition of the materials will take far longer to
accomplish. The HEU from nuclear weapons can be blended to make a reactor
fuel that poses little proliferation risk and can return a substantial economic
benefit, but disposition of weapons plutonium is far more problematic; hence,
plutonium is the primary focus of this report. There are no easy answers to the
plutonium problem. Policymakers will have to choose from a variety of
imperfect options, requiring inherently judgmental trade-offs among different
categories of risks.

It will be more than a decade before any of the plausible options for long-
term disposition of weapons plutonium makes a substantial dent in the likely
excess stockpile. Most of the options would require 20 to 40 years to accomplish
the task.* Although use of HEU as reactor fuel could return a profit large enough
to pay for most of the tasks just described, all of the options for disposition of
plutonium are likely to involve net economic costs, not net benefits, because in
the current market plutonium is a more expensive reactor fuel than widely
available uranium (see "The Value of Plutonium," p. 24). Thus plutonium
disposition is fundamentally a problem of security, far more than one of efficient
utilization of assets. Exploiting the energy value of plutonium should not be a
central criterion for decision, both because plutonium cannot compete
economically with uranium in the current market, and because whatever
economic value this plutonium might represent now or in the future is small by

3 The processes of retiring the nuclear weapons from active duty, disabling them, bringing them to
dismantlement sites (if necessary, from foreign deployment), and retiring or dismantling the launchers
involved are also critical parts of the arms reduction process, but are beyond the scope of this report.

4 Even in the simpler case of HEU, which the United States plans to purchase from the states of the
former Soviet Union for use as nuclear fuel, the planned transfer—still being negotiated—would
extend over 20 years.
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comparison to the security stakes. The cost of management and disposition of
weapons plutonium must be seen as an investment in security, just as the cost of
its production was once viewed.
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FIGURE 1-1 Phases of plutonium management

All of the options for long-term plutonium disposition will require many
years to complete. Thus, storing this material is the only available near-term
option. The United States and Russia must quickly develop appropriate technical
and institutional arrangements for dismantlement and storage, following through
on the discussions already under way. Judgments about the most desirable
immediate approaches for these tasks must necessarily be based on conditions
that exist or can be readily foreseen today. At the same time, these storage
arrangements must be designed to endure for decades.

Planning for long-term disposition of plutonium will inevitably involve more
uncertain extrapolations of risks—although because of the longer time involved,
it will also be easier to make corrections in planning over time. Thus, this report
does not provide a single definitive answer for the disposition phase
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of the plutonium problem. Instead it offers a road map, whose objective is to
provide guidelines for the necessary national debate to come and to focus further
efforts on those options most likely to minimize future risks. Such a road map can
help avoid wasting resources on options with little promise and can provide
plausible end points for the process that the near-term steps will set in motion.
Developing a broad consensus on such a road map deserves high priority.

OBJECTIVES

The primary goal in choosing options for management and disposition of
excess nuclear weapons and fissile materials should be to minimize the risks to
national and international security posed by the existence of this material. This
security goal can be divided into three main objectives:

1. to minimize the risk that weapons or fissile materials could be obtained
by unauthorized parties;

2. to minimize the risk that weapons or fissile materials could be
reintroduced into the arsenals from which they came, halting or reversing
the arms reduction process; and

3. to strengthen the national and international control mechanisms and
incentives designed to ensure continued arms reductions and prevent the
spread of nuclear weapons.

In addition to these security objectives, all options must protect worker
health and the environment, and be acceptable to the public. Timing, which plays
an important part in whether the security criteria can be met, and consistency with
other policies and objectives will also be important criteria for choice.

Cost will inevitably also be an important consideration. The committee
notes, however, that the expenditures implied by all its recommendations
combined would total at most several billion dollars, spread over a period of a
decade or decades. Since the primary objective is the reduction of major security
risks, these expenditures should be considered in the context of the far larger
sums being expended every year to provide national and international security.
Thus, cost should not be the primary criterion in choosing among competing
options.

The most immediate threat to all three of the security objectives is only
partly related to the management and disposition of excess weapons and fissile
materials. This is the possibility that more than one nuclear state may emerge from
the breakup of the Soviet Union. Ukraine is the greatest apparent risk.

5 For more detail on the criteria for choice, see Chapter 3; for more detail on how a regime for
management and limitation of weapons and fissile materials could affect the security objectives, see
Chapter 4.
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THE VALUE OF PLUTONIUM

As a result of reductions in the nuclear arsenal, large quantities of
plutonium are no longer needed for military purposes and thus are not an
asset in military terms. Is plutonium an economic asset, given its
substantial energy content, and the large sunk costs of its production? The
current nuclear fuels market is dominated by the fuel needs of light-water
reactors (LWRs). Plutonium oxide could in principle be mixed with depleted
or natural uranium oxide to make a mixed-oxide (MOX) fuel that could be
used in LWRs, instead of the low-enriched uranium (LEU) fuel they
generally use (see Chapter 6). Whether such a substitution is economically
competitive in the case of weapons plutonium depends on the costs of
several commodities, including uranium, enrichment, LEU fuel fabrication,
conversion of plutonium pits to oxide, and MOX fuel fabrication.

Estimates of the current and future prices for all of these vary
considerably. Plutonium's radiological toxicity requires special handling, and
its usability as a weapons material imposes stringent security and
safeguards requirements, making the cost of MOX fuel fabrication several
times greater than the cost of LEU fuel fabrication. No operational MOX
fabrication plants exist in either the United States or Russia, so the capital
cost of building such a plant or modifying existing facilities for this purpose
must be included in the cost of MOX fabrication. The main question is
whether "free" plutonium, whose use involved both this higher fabrication
cost and the cost of converting plutonium metal to oxide, would be cheaper
to use as fuel than uranium that had to be mined and enriched. After
examining the various estimates of the prices involved, the committee has
concluded that a realistic estimate is that the cost of MOX fuel starting from
plutonium metal provided free of charge (if fabricated in a nearly completed
facility that already exists at Hanford, at a rate of about 50 tons a year)
would be $500 per kilogram of heavy metal more than the cost of
comparable LEU fuel, with an uncertainty of plus or minus $350. The cost
differential would be higher if a new facility had to be built to fabricate the
MOX fuel, and higher still if the facility operated with a lower throughput."
Only by combining very pessimistic assumptions about LEU costs with very
optimistic assumptions concerning MOX prices could one reach the
conclusion that MOX made from free plutonium could be economically
competitive.

Since each kilogram of MOX fuel would include only 30 to 70 grams of
weapons plutonium, the excess cost for each kilogram of plutonium—rather
than each kilogram of fuel—would be much larger. Assuming, as a
reference, a loading of just under 5 percent plutonium in the fuel, the
economic penalty for using MOX instead of LEU would amount to $10,000
per kilogram
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of plutonium (plus or minus $7,000), using the least expensive of the
MOX fabrication options identified. The cost of processing 50 tons of
plutonium in this way would then be $500 million (plus or minus $350
million). This figure would be substantially higher if the more expensive
fabrication approaches were used. These estimates relate only to the
excess fuel costs, and do not account for any necessary expenditures for
modifying existing reactors or building new ones to burn plutonium,
licensing the relevant facilities, any increase in spent fuel disposal costs
resulting from plutonium use, and the like.

For reactor types that use more enriched fuels, such as liquid-metal
reactors or high-temperature gas-cooled reactors, fuel made from free
plutonium would be competitive because of the higher costs of uranium
purchases and enrichment when reactors of these types use uranium fuels.
These reactor types themselves, however, are not currently economically
competitive with other sources of power, and the availability of free
plutonium as fuel would not make them so. Storage of large stocks of
weapons plutonium until such reactors become competitive is not attractive
for security reasons. Moreover, with the prices paid for plutonium storage in
the commercial market, the storage cost would quickly outweigh the
potential value of the plutonium.

Oil shale provides a useful comparison. Like plutonium, such shales
contain substantial energy value. But like plutonium, that energy cannot be
used without first making substantial investments, and the alternative fuels
available—crude oil, in the case of oil shale—are significantly cheaper in the
current market. Some day, as oil becomes scarce, oil shale will probably
become valuable; similarly, as uranium supplies run out, plutonium is likely
to become valuable. But neither of these commodities has economic value
today. The difference, of course, is that large stocks of excess plutonium,
unlike oil shale, pose major security risks.

In short, in strictly economic terms, excess weapons plutonium is more
a liability than an asset. No matter what approach is taken to long-term
disposition, the process is likely to involve a net economic cost, rather than a
net benefit. An important question addressed in this study, therefore, is the
comparison of the net additional cost required to use this plutonium in
reactors, compared to the cost of disposal options that would not make use
of its energy content.

I These estimates are explained in detail in Management and Dispositionof Excess
Weapons Plutonium: Report of the Panel on Reactor-RelatedOptions (Washington, D.C.:
National Academy Press, 1994). The uncertainty ranges represent judgmental 70 percent
confidence intervals, corresponding to roughly one standard deviation of a random
variable—that is, a judgment that there is a 15 percent chance that the cost would be
higher, and a 15 percent chance that it would be lower.
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President Leonid Kravchuk, in the Lisbon Protocol of 1992 and an
accompanying letter, established a formal international commitment to
denuclearization. But that commitment remains the subject of intense debate in
Ukraine, bringing the implementation of current strategic arms reduction
agreements into question. In November 1993, the Ukrainian Rada voted to ratify
the first Strategic Arms Reduction Treaty (START I) without accepting the
denuclearization commitment, explicitly exempting more than half of the missiles
on Ukrainian soil from elimination. Efforts to resolve this issue are continuing,
and Kravchuk has said he will resubmit the agreement to a new parliament in
1994. If Ukraine actually reversed its commitment and attempted to acquire an
independently controlled nuclear arsenal, the entire framework of nuclear arms
reduction and nonproliferation would be severely, perhaps fatally, damaged.
Security concerns may well be the driving factors in Ukraine's ultimate decision,
but that decision could be affected by measures to ensure that weapons and fissile
materials transferred to Russia will not be reused for military purposes, and to
provide compensation for these materials.

Beyond that immediate issue, decisions about excess nuclear weapons and
fissile materials are likely to have far-reaching consequences for each of the three
security goals just described:

The Risk of Theft.® Restricting access to fissile material is the principal
technical barrier to proliferation in today's world, far more so than access to the
information and technologies needed to build a weapon once the fissile material
has been acquired. This makes the task of securing weapons and fissile materials
critical.” The risk that nuclear weapons or fissile materials could fall into
unauthorized hands—whether through theft, sale, or other means—can be
reduced by steps taken singly and jointly to keep strict accounting of these
materials; to improve their security; to strengthen the organizations responsible
for their management; and to dismantle weapons and transfer the resulting
materials into secure, monitored storage and ultimately to civilian use or
disposal. In addition, a well-designed regime to carry out such steps could
provide a new and compelling mission for the organizations once charged with
producing nuclear weapons, reducing the risks that control could erode.

The Risk of Reversal. Even after the START I and START II agreements
enter into force and the reductions they call for are implemented, as long as the
retired warheads and the material they contain remain in usable form, the risk

6 Although in many contexts the term "diversion" is used to mean any case in which an
unauthorized party obtains a particular item, in the parlance generally employed in international
nonproliferation efforts, particularly by the International Atomic Energy Agency (IAEA), a distinction
is made between "diversion" and "theft." Diversionrefers to the state that owns material under
safeguards removing it for weapons purposes, whereas theft refers to acquisition of these materials by
other unauthorized parties. This report follows that convention.

7 The current concern about North Korea's possible possession of several kilograms of separated
plutonium highlights the importance of tight controls over these materials.
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will remain that one of the parties may decide to rebuild its nuclear arsenal in
contravention of its agreements and pledges. The retired weapons could be used
directly, or the materials from them could be used to fabricate new warheads.
This risk could be reduced by agreements designed to make such a rearmament
program more difficult, time-consuming, costly, and easily detected. These could
include agreements to verifiably dismantle the weapons, to create barriers to
reusing the resulting fissile material for new weapons, and to improve
transparency for the stocks of nuclear weapons and fissile materials.

Strengthening Arms Reduction and Nonproliferation. The current arms
reduction regime would be politically strengthened by appropriate measures to
increase transparency and cooperation in managing excess weapons and fissile
materials. Such measures would help convince doubters worldwide, including
those in the United States, Russia, and Ukraine, that the arms reduction regime
serves the interests of all parties. Credible controls and transparency would also
provide a critical foundation for pursuing deeper reductions, and for convincing
other nuclear powers to limit and reduce their nuclear arsenals as well.

Policy choices in this area will also have a major impact on the future of
efforts to stem the spread of nuclear weapons. The foundation of these efforts is
the nuclear Non-Proliferation Treaty (NPT), which is up for extension in 1995. A
critical question at the extension conference will be whether the nuclear powers
are fulfilling their disarmament obligations under Article VI of the NPT.® The
current effort to negotiate a comprehensive test ban (CTB), along with recent
arms reduction agreements and pledges, should allow the nuclear powers to make
a strong case—if these efforts are moving forward at the time of the conference
and are not derailed. Agreements for secure, safeguarded management and
disposition of fissile materials from surplus nuclear weapons would make the
case even stronger. Moreover, acceptance by the major nuclear powers of
safeguards and constraints on substantial portions of their nuclear programs
would help to reduce the inherently discriminatory nature of the nonproliferation
regime. These steps, while probably not dissuading all nations that might be
attempting to acquire nuclear weapons, would help build global political support
for indefinite extension of the NPT and strengthening the regime, which are
major U.S. policy goals. In addition, steps to improve control and management of
fissile materials from dismantled weapons could provide an opportunity for
taking similar steps with other fissile materials worldwide.

To achieve these objectives, the challenge of arms reduction should be
managed in a way that offers political support to both the arms reduction and the
nonproliferation regimes. In particular, approaches to these and other issues
involving the states of the former Soviet Union must avoid strictures so onerous
or one-sided that they provide new ammunition to domestic political opponents.

8 Article VI requires all parties to the treaty to "pursue negotiations in good faith on effective
measures relating to cessation of the nuclear arms race at an early date and to nuclear disarmament,
and on a treaty on general and complete disarmament under strict and effective international control."
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The future of civilian nuclear power depends on economic, political, and
technical factors outside the scope of this study. In some countries, nuclear power
programs already include the use of plutonium in the fuel loaded into reactors.
But the amount of weapons plutonium likely to be surplus is small on the scale of
global nuclear power use—amounting to the equivalent of only a few months of
fuel for existing reactors—and this stock of weapons plutonium is not essential to
the future of any civilian nuclear development programs. There is thus no reason
that disposition of this weapons plutonium should drive decisions on the broader
questions surrounding the future of nuclear power.

THE CONTEXT: WORLD STOCKS OF FISSILE MATERIALS

The plutonium and HEU resulting from arms reductions are only part of the
world's stocks of these materials, which include:

1. military plutonium and HEU in operational nuclear weapons and their
logistics pipeline;

2. military plutonium and HEU held in reserve for military purposes, in
assembled weapons or in other forms;

3. military plutonium and HEU withdrawn from dismantled weapons and
considered excess;

4. separated plutonium and HEU in storage in preparation for use in
military or civilian reactors;

5. plutonium and HEU currently in reactors;

6. irradiated plutonium and HEU in spent fuel from reactors; and

7. military and civilian plutonium and HEU outside the categories above,
including excess stocks, scrap, residues, and the like.

The problem of management and disposition of excess weapons plutonium
(category 3) is the focus of this report, but policy for it must take into account the
large stocks of plutonium and HEU in these other categories since, with varying
degrees of difficulty, they can all be used in nuclear weapons (see Figure 1-3).

Although all but a small fraction of the world's HEU is in military use,
civilian stocks of plutonium are several times larger than the military stocks and
are growing much faster, by some 60 to 70 tons each year. Most of these civilian
stocks, however, are in the form of radioactive spent fuel from the world's power
reactors. The difficulty of extracting this plutonium declines substantially as the
radioactivity of the fuel decays over the decades after it leaves the reactor. Some
plutonium is being separated from spent fuel for use as reactor fuel. Separation
has outpaced use of this plutonium; roughly 80 to 90 tons of excess separated
civilian plutonium is in store around the world today, representing more than half
of all the civilian plutonium that has ever been
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separated from spent fuel. That figure is expected to grow, as more civilian
plutonium continues to be separated each year than is used in reactor fuel.’

Russia
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FIGURE 1-3 World plutonium stockpiles

Several kilograms of separated weapons-grade plutonium and a somewhat
larger amount of "reactor-grade" plutonium—a minuscule fraction of the world
stock—would be enough to build a nuclear weapon. Thus, the plutonium in a
truckload of spent fuel rods from a typical power reactor is enough for one or
more nuclear weapons. The plutonium stored at a typical civilian reactor site or
reprocessing plant is enough for hundreds of weapons.

Plutonium customarily used in nuclear weapons (weapons-grade plutonium)
and plutonium separated from spent reactor fuel (reactor-grade plutonium)

9 See David Albright, Frans Berkhout, and William Walker, WorldInventory of Plutonium and
Highly Enriched Uranium 1992, (London: Oxford University Press for SIPRI, 1993); and Appendix B
of this report. The IAEA has recently estimated, based on reports from the member states, that 86 tons
of civilian separated plutonium was in store as of the end of 1992. This figure is expected to grow
substantially during the course of the decade. See J.S. Finucane, "Summary: Advisory Group Meeting
on Problems Concerning the Accumulation of Separated Plutonium," IAEA, Division of Nuclear Fuel
Cycle and Waste Management, September 1993.
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have different isotopic compositions. Plutonium of virtually any isotopic
composition, however, can be used to make nuclear weapons.'? Using reactor-
grade rather than weapons-grade plutonium would present some complications.
But even with relatively simple designs such as that used in the Nagasaki
weapon—which are within the capabilities of many nations and possibly some
subnational groups—nuclear explosives could be constructed that would be
assured of having yields of at least 1 or 2 kilotons. With more sophisticated
designs, reactor-grade plutonium could be used for weapons having considerably
higher minimum yields. Thus, the difference in proliferation risk posed by
separated weapons-grade plutonium and separated reactor-grade plutonium is
small by comparison to the difference between separated plutonium of any grade
and unseparated material in spent fuel (see "Reactor-Grade and Weapon-Grade
Plutonium in Nuclear Explosives," p. 32.)

Unseparated material, however, also poses some risk. The chemistry for
separating plutonium from spent fuel is described in the open literature, and the
essential technologies are available on the open market. Although separating
plutonium on a commercial scale at competitive prices is difficult and costly, a
potential proliferator could use a much simpler and less costly facility to extract
enough material for a few weapons. Moreover, the intense radioactivity that
initially makes the fuel effectively impossible to handle without remote-handling
equipment decays substantially over the decades after the fuel leaves the reactor.
(See "How Accessible Is Plutonium in Spent Fuel?" in Chapter 6, p. 150.)
Plutonium, whether in "military" or "civilian" stockpiles, and whatever its
physical, chemical, or isotopic form, must be strictly safeguarded.

Although plutonium and HEU can both be used to make nuclear weapons,
there are several differences between them, of which two are particularly
important here. The first is that HEU can be diluted with other, more abundant,
naturally occurring isotopes of uranium to make low-enriched uranium (LEU),
which cannot sustain the fast-neutron chain reaction needed for a nuclear
explosion.!" LEU is the fuel for most of the world's nuclear power reactors. In
contrast, plutonium cannot be diluted with other isotopes of plutonium to make

10 An exception is Plutonium-238 (Pu-238), which generates too much heat to make fashioning a
weapon from it practicable. Pu-238 is a rare and difficult-to-produce isotope, however, used primarily
for powering certain types of space probes. Similarly, it would be difficult to fashion a workable
weapon of Pu-242, another relatively rare isotope.

I Natural uranium includes only 0.7 percent Uranium-235 (U-235), with almost all of the
remaining 99.3 percent being U-238, whose atoms will not sustain a nuclear chain reaction. (Isotopes
are different types of the same chemical element having differing numbers of neutrons—92 protons
and 143 neutrons in U-235, and the same number of protons but 146 neutrons in U-238.) To sustain
the chain reaction needed for a nuclear explosion, the concentration of U-235 must be greatly
increased, a process known as enrichment. Typical weapons-grade uranium is more than 90 percent
U-235. Because the various isotopes of an element are essentially identical chemically, enrichment of
the fissile isotopes requires techniques that are costly and time-consuming, and for which the
technology is not widely available—which provides one of the primary technical barriers to nuclear
proliferation. Chain reactions in power reactors, by contrast, can be and have been sustained with
natural uranium, although most reactors today use LEU containing 3-5 percent U-235.
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it unusable for weapons. "Re-enriching" LEU to the level needed for weapons
requires complex enrichment technology to which most potential proliferators do
not have access, while separating plutonium from other elements with which it
might be mixed in producing fresh reactor fuel requires only straightforward
chemical processing. Thus, management of plutonium in any form requires
greater security than does the management of LEU.

Second, as noted earlier, in the current fuel market, the use of plutonium
fuels is generally more expensive than the use of widely available LEU fuels—
even if the plutonium itself is "free"—because of the high fabrication costs
resulting from plutonium's radiological toxicity and from the security precautions
required when handling it. As a result, although most of the world's roughly 400
nuclear reactors could in principle burn plutonium in fuel containing a mixture of
uranium and plutonium (mixed-oxide or MOX fuel), only a few, and none in the
United States, are currently licensed to do so.

Because of HEU's commercial value and the possibility of diluting it so as
not to pose major proliferation risks, its disposition can be addressed by the
market. The United States has agreed to buy 500 tons of surplus Russian HEU,
blended to LEU, for $11.9 billion over the next 20 years, provided certain
conditions are met. The United States will later resell the material to fulfill the
demand for nuclear fuel on the domestic and world markets. Although it is
possible that a purchase of Russian plutonium could also be justified on security
grounds, both the security aspects and the economics of using plutonium as
reactor fuel would be less attractive than in the case of LEU (see Chapter 5).

RISKS AND STANDARDS

None of the policy options for managing the dismantlement of excess
nuclear weapons and the storage and disposition of the resulting fissile materials
plutonium can entirely eliminate the risks these items pose. Standards must be set
by which to judge whether the remaining risks are acceptable. In the security
area, two complementary standards suggest themselves.

The Stored Weapons Standard. Options should be designed to avoid any
increase in the risk of proliferation as a result of arms reductions, which could
result if weapons and materials become more accessible to theft during the
processes involved in dismantlement, storage, and disposition. Thus, to the extent
possible, the high standards of security and accounting applied to storage of
intact nuclear weapons should be maintained for these materials throughout these
processes. The various processing steps will unavoidably make accounting more
difficult than in the case of assembled weapons, and it may also be institutionally
difficult to preserve the strict security arrangements associated with nuclear
weapons themselves. But precisely because of the difficulty of the task, it is
important to preserve the goal.
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REACTOR-GRADE AND WEAPONS-GRADEPLUTONIUM IN
NUCLEAR EXPLOSIVES

Virtually any combination of plutonium isotopes—the different forms of
an element having different numbers of neutrons in their nuclei—can be
used to make a nuclear weapon. Not all combinations, however, are equally
convenient or efficient. The most common isotope, Pu-239, is produced
when the most common isotope of uranium, U-238, absorbs a neutron and
then quickly decays to plutonium. It is this plutonium isotope that is most
useful in making nuclear weapons, and it is produced in varying quantities in
virtually all operating nuclear reactors.

As fuel in a reactor is exposed to longer and longer periods of neutron
irradiation, higher isotopes of plutonium build up as some of the plutonium
absorbs additional neutrons, creating Pu-240, Pu-241, and so on. Pu-238
also builds up from a chain of neutron absorptions and radioactive decays
starting from U-235." Because of the preference for relatively pure Pu-239
for weapons purposes, when a reactor is used specifically for creating
weapons plutonium, the fuel rods are removed and the plutonium is
separated from them after relatively brief irradiation (at low "burnup"). The
resulting "weapons-grade" plutonium is typically about 93 percent Pu-239.
Such brief irradiation is quite inefficient for power production, so in power
reactors the fuel is left in the reactor much longer, resulting in a mix that
includes more of the higher isotopes of plutonium ("reactor-grade"
plutonium).

Use of reactor-grade plutonium complicates bomb design for several
reasons. First and most important, Pu-240 has a high rate of spontaneous
fission, meaning that the plutonium in the device will continually produce
many background neutrons. Second, the isotope Pu-238 decays relatively
rapidly, thereby significantly increasing the rate of heat generation in the
material. Third, the isotope Americium-241 (which results from the 14-year
half-life decay of Pu-241 and hence builds up in reactor-grade plutonium
over time) emits highly penetrating gamma rays, increasing the radioactive
exposure of any personnel handling the material.

In a nuclear explosive using plutonium, the plutonium core is initially
"subcritical," meaning that it cannot sustain a chain reaction. Chemical high
explosives are used to compress the plutonium to higher than normal
density (so that the neutrons released in each fission have a higher
probability of hitting other atoms and causing more fissions). In a well-
designed nuclear explosive using weapons-grade plutonium, a pulse of
neutrons is released to start this chain reaction at the optimal moment, but
there is some chance that a background neutron from spontaneous fission
of Pu-240
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will set off the reaction prematurely. With reactor-grade plutonium, the
probability of such ‘“pre-initiation" is very large. Pre-initiation can
substantially reduce the explosive yield, since the weapon may blow itself
apart and thereby cut short the chain reaction that releases the energy.
Calculations demonstrate, however, that even if pre-initiation occurs at the
worst possible moment (when the material first becomes compressed
enough to sustain a chain reaction), the explosive yield of even a relatively
simple device similar to the Nagasaki bomb would be of the order of one or a
few kilotons. While this yield is referred to as the "fizzle yield," a 1-kiloton
bomb would still have a radius of destruction roughly one-third that of the
Hiroshima weapon, making it a potentially fearsome explosive. Regardless
of how high the concentration of troublesome isotopes is, the yield would
not be less. With a more sophisticated design, weapons could be built with
reactor-grade plutonium that would be assured of having higher yields.?

Dealing with the second problem with reactor-grade plutonium, the
heat generated by Pu-238 and Pu-240, requires careful management of the
heat in the device. Means to address this problem include providing
channels to conduct the heat from the plutonium through the insulating
explosive surrounding the core, or delaying assembly of the device until a
few minutes before it is to be used.

The radiation from Americium-241 means that more shielding and
greater precautions to protect personnel might be necessary when building
and handling nuclear explosives made from reactor-grade plutonium. But
these difficulties are not prohibitive.

In short, it would be quite possible for a potential proliferator to make a
nuclear explosive from reactor-grade plutonium using a simple design that
would be assured of having a yield in the range of one to a few kilotons, and
more using an advanced design. Theft of separated plutonium whether
weapons-grade or reactor-grade, would pose a grave security risk.

! For a useful figure showing the buildup of these isotopes as a function of irradiation
time, see J. Carson Mark, "Explosive Properties of Reactor-Grade Plutonium," Science
and Global Security, Vol. 4, no. 1, 1993, pp. 111-128.

2 See W. G. Sutcliffe and T.J. Trapp, eds., Extraction and Utilityof Reactor-Grade
Plutonium for Weapons, Lawrence Livermore National Laboratory, UCRL-LR-115542,
1994 (S/RD). For unclassified discussions, see J. Carson Mark, op. cit.

The Pu-240 content even in weapons-grade plutonium is sufficiently large that very rapid
assembly is necessary to prevent preinitiation. Hence the simplest type of nuclear
explosive, a "gun type," in which the optimum critical configuration is assembled more
slowly than in an "implosion type" device, cannot be made with plutonium, but only with
highly enriched uranium, in which spontaneous fission is rare. The makes HEU an even
more attractive material than plutonium for potential proliferators with limited access to
sophisticated technology. Either material can be used in an implosion device.
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The Spent Fuel Standard. Options for the long-term disposition of weapons
plutonium should seek to meet a "spent fuel standard"—that is, to make this
plutonium roughly as inaccessible for weapons use as the much larger and
growing stock of plutonium in civilian spent fuel. Options that left the weapons
plutonium more accessible would mean that this material would continue to pose a
unique safeguards problem indefinitely. Conversely, the costs, complexities,
risks, and delays of going beyond the spent fuel standard to eliminate the excess
weapons plutonium completely or nearly so would not offer substantial
additional security benefits unless society were preparedto take the same
approach with the global stock of civilian plutonium.

This standard, if accepted, has a profound impact on the choice of long-term
disposition options. Approaches that would leave the plutonium in a form
substantially more accessible for recovery and use in weapons than plutonium in
commercial spent fuel can be rejected, and substantially costlier, riskier, or
slower options for eliminating the weapons plutonium or making it less accessible
than plutonium in spent fuel should be considered only in the larger context of
similar treatment of all of the world's plutonium stock.

Beyond the Spent Fuel Standard. The spent fuel standard should not be
interpreted as an endorsement of today's standards of management for plutonium
in spent fuel, however. Although substantially less accessible for use in weapons
than separated plutonium, plutonium in spent fuel does pose a security risk, and
that risk increases with time, as noted above. 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; the need for such steps exists
already, and will increase with time (see Chapter 6).

THE INSTITUTIONAL FRAMEWORK

The institutional and political issues involved in managing weapons
dismantlement, intermediate storage of fissile materials, and long-term
disposition may be more complex and difficult to resolve than the technical ones.
Because disposition options will require decades to carry out, it is critical that
decisions throughout be made in a way that can muster a sustainable consensus.
The entire process must be carefully managed to provide adequate safeguards,
security, and transparency; to obtain public and institutional approval, including
licenses; and to allow adequate participation in the decision making by all
affected parties, including the U.S. and Russian publics and the international
community. Adequate information must be made available to give substance to
the public's participation.

These issues cover a broad institutional and technical spectrum. Establishing
fully developed arrangements for managing these tasks will require an unusually
demanding integration of policy under conditions of dispersed authority and
intense political sensitivity. In the United States, jurisdiction over fissile
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material and fabricated weapons is divided between the Department of Energy
(DOE) and the Department of Defense (DOD) in different phases of the
deployment cycle. Each department has many subordinate divisions involved.
Related diplomacy is handled by the State Department and the Arms Control and
Disarmament Agency, with input from DOE and DOD. Numerous other agencies
perform supporting functions. The relevant installations are authorized and
financed by Congress, regulated by independent agencies and commissions,
constrained by state laws, and increasingly affected by public opinion in their
surrounding communities. Policy debates too often focus on specific options,
such as particular reactor types, rather than the comprehensive view required to
make choices for this complex problem. The consequences of this fragmentation
are illustrated in a related area by the fact that technical assessment of the U.S.
high-level waste repository at Yucca Mountain is incomplete after two decades of
work and billions of dollars of expenditure, and final licensing is not projected
for another two decades. These challenges to comprehensive policymaking are at
least as great in Russia, where they must be surmounted in the midst of
continuing political and economic upheaval.

None of the governments involved have previously faced the problem of
handling excess plutonium in the quantities now contemplated, and none appear
to have developed policies and procedures likely to be adequate to the task. Yet
decisions are urgent, since without new approaches even the near-term tasks of
dismantlement and storage are not likely to meet all of the required security
criteria.

In these areas, the United States bears a special burden of policy leadership.
If demanding technical assessments are to be completed, if consensus is to be
forged, and if implementation is to be accomplished in reasonable time, major
advances in the formulation and integration of policy and in institutional
coordination will be needed. The president should establish a more systematic
process of interagency coordination to deal with the areas addressed in this
report, with sustained top-level leadership. The new interagency examination of
plutonium disposition options envisioned in President Clinton's September 27,
1993, nonproliferation initiative is a first step in that direction, but much more
remains to be done.

THE ROLE OF ENVIRONMENT, SAFETY, AND HEALTH

The history of the U.S. and Russian nuclear weapons complexes is replete
with instances where production in the name of national security took priority
over environment, safety, and health (ES&H) concerns. The result is a heritage of
environmental damage whose dimensions are only now becoming apparent.
Remedial actions are just beginning and will continue for decades. The United
States committed about $6 billion from the Department of Energy budget for
Fiscal Year 1993 for these purposes, and some estimates of the eventual cost
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run to hundreds of billions of dollars. In the former Soviet Union, the ES&H
damage appears to be even more severe.

In reaction to this legacy, new and stringent ES&H regulations are being
imposed on the U.S. nuclear weapons complex. Environmental advocates are
seeking comparable requirements in Russia. These are dynamic standards, and
can be expected to change over time with increasing knowledge about long-term
effects and remedies, and with varying public awareness and willingness to
accept environmental risks.

Currently, ES&H requirements set the pace for each of the stages of
dismantlement, storage, and disposition. For example, new standards have
roughly doubled the time it takes to dismantle a nuclear weapon at Pantex, the
U.S. facility. The choice of intermediate weapons storage options and the time
required to implement such choices are heavily influenced by the licensing and
approval process, including the extended safety and environmental analyses
required for each option.

Ultimately, these ES&H standards affect the ease and cost of achieving
different disposition options and may have a significant impact on the choices
among them. This report does not attempt to evaluate the benefits and costs of
this evolving regulatory framework. Instead, for each option, the potential impact
of the ES&H framework is simply assessed as realistically as possible, as one
important factor guiding policy choices.

Fundamentally, ES&H and arms control seek the same goal: minimizing
threats to human well-being, whether from nuclear explosions or from
environmental and occupational hazards. It would be unfortunate, therefore, if
arms control and ES&H concerns came to be pitted against each other (as they
have become, to some extent, in the parallel debate over chemical weapons
destruction). There are bound to be disagreements about specific issues among
those who bring differing perspectives to these problems. But the committee
believes that the goals of security and protection for ES&H can be achieved
without significantly compromising either objective. What is needed is a
consistent, risk-based approach that integrates ES&H and security concerns, and
focuses finite ES&H resources on the most urgent problems and the most
promising means for addressing them.

PLAN OF THE STUDY

The organization of this report reflects the goals and approaches described
above. Chapters 1, 2, and 3 set the stage. Chapter 2 describes the international
context in which policy choices with respect to dismantlement, storage, and
disposition must be made, including the crisis in the former Soviet Union, the
arms reduction and nonproliferation regimes, ongoing civilian plutonium
programs, and existing standards of safeguards and security for fissile materials.
Chapter 3 describes in more detail the criteria for judging policy choices. The
three stages of the process of reductions are described in the three "action"
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chapters: Chapter 4 addresses dismantlement, and the related question of an
overall regime to limit and monitor the size of stockpiles of nuclear weapons and
fissile materials; Chapter 5 addresses requirements and choices related to the
storage of plutonium, and the related issue of measures to reduce the accessibility
of fissile materials in the former Soviet Union; and Chapter 6 discusses the
options for long-term disposition of the plutonium from dismantled weapons.
Finally, Chapter 7 summarizes the committee's recommendations.

Copyright National Academy of Sciences. All rights reserved.


https://nap.nationalacademies.org/catalog/2345?s=z1120

Management and Disposition of Excess Weapons Plutonium

INTRODUCTION: TASK AND CONTEXT

Copyright National Academy of Sciences. All rights reserved.

38


https://nap.nationalacademies.org/catalog/2345?s=z1120

Management and Disposition of Excess Weapons Plutonium

INTERNATIONAL CONTEXT 39

2

International Context

The management and disposition of plutonium from dismantled nuclear
weapons will take place within a complex international context that includes the
arms reduction and nonproliferation regimes of which this problem is a part; the
continuing crisis in the former Soviet Union; worldwide plans for civil nuclear
energy, particularly the use of separated plutonium; and existing approaches to
safeguards and security for nuclear materials. This context must be understood in
considering policy options for excess military plutonium.

PLANNED NUCLEAR ARMS REDUCTIONS: HOW MUCH
PLUTONIUM AND WHEN?

Recent nuclear arms reduction agreements and pledges, if successfully
implemented, coupled with national decisions concerning how much plutonium is
to be declared "excess" to military needs, will largely set the parameters of how
much excess plutonium will require disposition and when it will become
available.

The Scope of Reductions

Under the first and second Strategic Arms Reduction Treaties (START I and
START II), the operational U.S. strategic stockpile is slated to decline from just
over 12,500 weapons in early 1991 to 3,500 weapons after the turn of the
century. The Russian strategic stockpile is to be reduced from more than 10,500
weapons to 3,500 or fewer over the same period. These treaties do not commit
either side to dismantle the nuclear weapons to be retired under their provisions,
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though it appears that each nation will unilaterally (or, in the Russian case, in
coordination with Ukraine, Kazakhstan, and Belarus) choose to dismantle a
significant fraction of them.

Tactical nuclear reductions on a similar scale are now under way, as a result
of unilateral pledges made by Presidents Bush, Gorbachev, and Yeltsin, rather
than U.S.-Russian (or U.S.-Soviet) agreements.! The U.S. government has
officially indicated that it possessed roughly 8,000 tactical nuclear warheads in its
operational stockpile as of 1992 and plans to retain only 1,600 of these. The
remaining 6,400 warheads are presumably subject to destruction under President
Bush's unilateral commitment. The actual number of Russian tactical weapons to
be eliminated under Russia's unilateral reduction pledges is difficult to judge; the
Central Intelligence Agency (CIA) has publicly estimated that the figure is
between 5,000 and 12,000.2

Thus, on the U.S. side, as many as 15,000 tactical and strategic weapons are
likely to be retired within a decade. The amount of fissile material in these
weapons is classified. For the purposes of this study, the committee uses 4
kilograms of plutonium per weapon as a planning figure.? This would suggest
that the weapons slated for retirement contain some 60 tons of plutonium. The
Department of Energy (DOE) has recently stated publicly that "up to
approximately 50 metric tons of plutonium will (or may) become available by
about 2005 ... [for] civilian (unclassified) purposes,” from both weapons and
other sources.*

' In September 1991, President Bush announced that the United States would withdraw all of its
ground- and sea-launched tactical nuclear weapons to the United States, and that all of the ground-
launched and roughly half the sea-launched weapons would be eliminated. The following month,
Soviet President Mikhail Gorbachev announced that all tactical nuclear weapons would be withdrawn
to Russia, and that nuclear artillery, ground-launched missile warheads, and nuclear mines would be
destroyed. In January 1992, Russian President Yeltsin confirmed and extended Gorbachev's
commitments. In addition to destroying all ground-launched tactical warheads, he stated that Russia
would destroy half of its tactical air-launched nuclear warheads, one-half of its nuclear warheads for
antiaircraft missiles, and one-third of its tactical sea-launched nuclear warheads. Russian officials
have since stated that the sea-based, air-delivered, and air defense weapons will be dismantled by
1996, the nuclear mines by 1998, and all other land-based tactical weapons by the year 2000.

2 See Lawrence Gershwin, National Intelligence Officer for Strategic Programs, DOD
Appropriations for FY1993, testimony before the House Committee on Appropriations, Part 5, May
6, 1992, p. 499. In addition, Gershwin estimated that as of that date, 2,700 Russian weapons remained
to be dismantled from the Intermediate-Range Nuclear Forces (INF) Treaty. Public estimates of the
total Russian stockpile of tactical nuclear weapons range from 15,000 to 21,000; General Colin
Powell put the figure at 17,000 in a Defense Department press conference on September 28, 1991
(transcript, Federal News Service).

3 The minimum quantities of plutonium or highly enriched uranium (HEU) needed to make a
weapon are not well defined, as they depend on the design. Actual quantities used in U.S. weapons
are classified.

4 Lou Willett, Deputy Director, Office of Weapons and Materials Planning, Defense Programs,
U.S. Department of Energy, "Excess Fissile Materials," presented at the Annual Meeting of the
American Power Conference, Chicago, Illinois, April 13-15, 1993. The uncertainty implied by the
parenthetical "(or may)" reflects continuing debate within the U.S. government over how much of
these materials should be kept as military reserves. On December 7, 1993, the Department of Energy
announced that 102 tons of plutonium had been produced for the U.S. military stockpile (including 89
tons of weapons-grade material and 13 tons of fuel-grade), of which 33.5 tons was held in various
forms at several nuclear weapons complex sites, leaving some 68.5 tons currently in weapons or in
disassembled weapons components at the Pantex dismantlement site.
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As noted, the corresponding Russian total reduction figures are even more
uncertain. Adding some 6,500 strategic weapons to be retired under START I and
START II to the CIA's figures for tactical weapons would bring the total number
of weapons to be retired on the Russian side to between 14,000 and 22,000.
Assistant Secretary of Defense Ashton Carter provided a figure in the middle of
this range in mid-1993, testifying that Russia plans to dismantle 18,000 weapons.>
Using the same planning figure would suggest that these weapons contain more
than 70 tons of plutonium. But if the initial Soviet stockpile was as high as some
estimates suggest and Russia does not choose to retain a tactical nuclear force
significantly larger than the force the United States plans, the number of weapons

to be retired could be substantially higher, amounting to perhaps 30,000 or more.
6

As in the U.S. case, some of these weapons or materials may be retained for
reserves and stockpile support rather than being considered excess, while some
existing stocks of fissile material from other sources may also be excess. In
particular, Russian statements suggest that Russia has substantial stocks of highly
enriched uranium (HEU) in addition to the materials incorporated in weapons.’
Overall, the Russian government has indicated that it expects to have 50 tons of
plutonium and 500 tons of HEU that are excess to its military needs, but these
figures may grow.

5 House Foreign Affairs Committee, September 21, 1993 (transcript, Federal News Service). A
mid-1992 Russian statement suggests a somewhat higher figure for the number of weapons to be
dismantled: Victor Mikhailov, head of the Russian Ministry of Atomic Energy (MINATOM),
reportedly indicated that the Russian stockpile would decline to 40-50 percent of its mid-1992 level as a
result of arms control initiatives through early 1992. Given previous Mikhailov statements concerning
the size of that stockpile, this suggests a reduction of 17,000-21,000 warheads, to which must be
added several thousand warheads resulting from START 1I, signed subsequent to Mikhailov's
remarks. See discussion in Thomas B. Cochran and Robert S. Norris, Russian/Soviet NuclearWarhead
Production (Washington, D.C.: Natural Resources Defense Council, September 8, 1993), p. 23.

6 Mikhailov has estimated that as of 1986, the Soviet Union possessed some 45,000 nuclear
warheads, of which 13,000 have already been dismantled. See Cochran and Norris, op. cit.; and
William Broad, "Russian Says Soviet Atom Arsenal Was Larger Than West Estimated," The New
YorkTimes, September 26, 1993. Mikhailov's figures are higher than most U.S. estimates; Secretary
of Energy Hazel O'Leary has been quoted as saying: "I don't believe those numbers and I think he
knows we don't believe those numbers." See Dunbar Lockwood, "Report on Soviet Arsenal Raises
Questions, Eyebrows," Arms Control Today, November 1993. Assistant Secretary of Defense Ashton
Carter indicated in testimony on September 21, 1993 (House Foreign Affairs Committee, op. cit.) that
the current U.S. estimate is that the total Soviet stock is between 25,000 and 35,000 warheads, the
high end of which is consistent with Mikhailov's figures. If Mikhailov is correct, and Russia chose to
retain an arsenal comparable to the planned 5,100-warhead active U.S. arsenal, with minimal
reserves, the total reduction from the peak level would amount to some 40,000 weapons.

7 In an interview in the fall of 1993, Mikhailov indicated that the 500 metric tons of HEU involved
in the U.S.-Russian HEU deal "represents somewhere around 30 to 40 percent of all reserves that we
possess,” suggesting a total stockpile of at least 1,250 tons of HEU. Mikhailov has reportedly used
similar figures in discussions with U.S. DOE officials. There is considerable uncertainty in the United
States concerning whether this figure is accurate; the article based on the interview reports that
previous U.S. intelligence estimates were in the range of 800 tons. See Elizabeth Martin, "A
Conversation with Viktor Mikhailov," NUKEM Market Report, October 1993.
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Reduction Schedules

The schedule on which these excess materials become available and
therefore require intermediate storage will be determined by the rate at which
weapons are retired and dismantled. A considerable amount of excess fissile
material already exists—amounting to tens of tons of plutonium—from
previously dismantled weapons and other sources within each side's weapons
complex. For example, more than 5,000 plutonium "pits"—plutonium weapons
components—from dismantled weapons were already stored at the Pantex plant
in Amarillo, Texas, as of late 1993.8

Dismantlement of weapons already retired is continuing on both sides, in the
United States at a rate of somewhat less than 2,000 weapons per year, and in
Russia at an unknown but reportedly comparable rate. Dismantlement issues are
discussed in detail in Chapter 4.

On both sides, the planned withdrawals of tactical weapons based abroad are
now complete,” and thousands of weapons are available to be dismantled as fast
as the dismantlement facilities can process them. Both sides have also retired a
significant number of strategic weapons, although the START I and START II
treaties are not yet in force. The schedule for further retirements of strategic
weapons, however, is more complex (see Figure 2-1).

START I calls for three phases of reductions over seven years (starting from
the treaty's entry into force, which now will not occur before early 1994 at best),
whereas START II calls for two phases, the first over START's seven-year span
and the second to be completed by 2003. If the two sides reduced no faster than
legally required by START I and START II, the bulk of the strategic reductions
required under these treaties would come just after the turn of the century, to
meet START II limits. !0

If START I entered into force in early 1994, its second phase of reductions
would end in early 1999. By that time, each side would have been required to
reduce its forces to 7,950 total "accountable" deployed warheads, of which

8 Until 1989, when the Rocky Flats plant closed, pits were shipped there to be fashioned into pits
for new weapons. Since these shipments were stopped, more than 4,000 weapons have been
dismantled. See U.S. Department of Energy, Albuquerque Operations Amarillo Area Office,
"Environmental Assessment for Interim Storage of Plutonium Components at Pantex," Predecisional
Draft, December 1992, p. 2-2. For specific figures on dismantlement since 1989, see Chapter 4; and
U.S. Congress, House Appropriations Subcommittee on Energy and Water Development, Energy and
Water Development Appropriations for 1994, Part 6, p. 1308.

° By mid-1992, the United States had met its commitment to withdraw ground-launched and sea-
launched tactical weapons to the United States. Russia has also apparently succeeded in withdrawing
the former Soviet tactical warheads to its territory on schedule: On May 6, 1992, the Russian
government officially announced that all tactical nuclear weapons had been removed to Russia from
Ukraine, the last non-Russian state in which they were deployed, and on February 3, 1993, the
Russian Ministry of Defense reported that all former Soviet tactical nuclear weapons from ships and
submarines had been withdrawn to Russia. Despite many rumors of "loose nukes," there appears to be
no serious basis for questioning these Russian announcements.

10 Although START II requires that reductions be "sustained throughout the reductions period,"
there are no annual requirements except in the case of the SS-18. The U.S. State Department's
analysis of the accord emphasizes that the term "sustained" does not imply "straight-line" reduction
rates, and that this is not a "specific legal obligation to reduce at a given rate." See U.S. Senate, Treaty
with the RussianFederation on Further Reduction and Limitation of Strategic OffensiveArms (The
START II Treaty), Treaty Document 103-1, 1993.
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6,750 could be carried by ballistic missiles. Since U.S. operational strategic
forces are already close to the final levels mandated by START I, and will meet
those levels by the end of 1994, this second-phase limit would not require any
further reductions in U.S. forces between 1994 and 1999. By contrast, over the
same period, Russian deployed strategic forces would be reduced by 20 percent.

14r Bus.
12 O Russia

Thousands

1990 1904 1997 1999 2001 2003
FIGURE 2-1 Forces under START I and II: United States and Russia

In early 2001 the force levels of the first phase of START II would
supersede the final force levels of START I, requiring cuts to 4,250 actual
warheads on each side. This would be a reduction in just two years of
approximately 50 percent in projected U.S. forces and somewhat less on the
Russian side (though with more emphasis on missile cutbacks). Moreover, by
2001, all remaining nuclear weapons would be removed from Ukraine,
Kazakhstan, and Belarus.

In the second and final phase of START II, actual U.S. and Russian
warheads would have to undergo another reduction of approximately 18 percent,
to reach the final ceiling of 3,500 warheads. Thus, in the four years from 1999 to
2003, U.S. forces would be reduced by more than 60 percent, and Russian forces
by 55 percent. This uneven pace of reductions could be smoothed out if each side
continued to carry out reductions sooner than it is legally required to do so.

THE CRISIS IN THE FORMER SOVIET UNION

The demise of the Soviet Union and the ongoing political and economic
crises in the former Soviet states raise substantial risks for arms reduction and
nonproliferation.
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A key goal of the denuclearization process is ensuring that the organizations
charged with managing nuclear weapons, materials, and technology—including
the military, the Ministry of Atomic Energy (MINATOM), and the relevant
regulatory agencies—can carry out the responsibilities assigned to them on the
schedule envisioned, while preventing leakage of nuclear weapons, materials, and
technologies to potential proliferators. This challenge must be met amidst a
crisis-prone political transformation and deep economic trauma. The tasks must
be accomplished by complex institutions accustomed to operating under a central
authority that has been fundamentally weakened, and with central missions and
guidelines defined by a Cold War confrontation that has now vanished. In effect,
Russia, like the United States, must now run its nuclear weapons complex in
reverse—dismantling thousands of nuclear weapons each year rather than
assembling them; disposing of plutonium and HEU rather than producing more;
and fostering transparency and trust, rather than maintaining strict secrecy. This
fundamental change of mission must be carried out in both countries by
institutions operating with obsolete and contaminated facilities and declining
budgets, while grappling with new demands for transparency and public
accountability, and suffering from a lack of public credibility and acceptance.

The current crisis in the former Soviet Union creates a variety of risks with
respect to the management and disposition of nuclear weapons and fissile
materials. This report categorizes these as dangers of:

* "breakup," meaning the emergence of multiple nuclear-armed states where
previously there was only one;

e '"breakdown," meaning erosion of government control over nuclear
weapons and materials within a particular state; and

e 'breakout," meaning repudiation of arms reduction agreements and
pledges, and reconstruction of a larger nuclear arsenal.

Ideas for reducing these risks related to management of nuclear weapons and
fissile materials are discussed in Chapter 4 and 5.

The Risks of Breakup

If more than one nuclear state emerges from the demise of the Soviet Union,
it would almost certainly prevent implementation of START I and II, unraveling
the arms reduction regime they represent. It could also deal a devastating blow to
global nonproliferation efforts and put the results of the 1995 conference to
extend the nuclear Non-Proliferation Treaty (NPT) in doubt. Over the long term,
nearby countries might reconsider their nonnuclear commitments. If North Korea
took the nuclear road at the same time, the entire nonproliferation regime could
be called into question.

Ukraine, Belarus, Kazakhstan, and Russia are the only states on whose
territory nuclear weapons of the former Soviet Union are still deployed. In the
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Lisbon Protocol of May 1992 and accompanying letters, the three non-Russian
states agreed to eliminate the nuclear weapons on their soil as part of the START I
reductions, and to join the Non-Proliferation Treaty as non-nuclear-weapon states
"in the shortest possible time," leaving Russia as the sole inheritor of the Soviet
Union's nuclear weapons. Belarus has acceded to the NPT, and in the fall of
1993, Kazakhstan reiterated its pledge to do so quickly, but Ukraine has not. The
U.S. Senate, the Russian Supreme Soviet, and the Kazakh and Belarusan
parliaments have approved START I. As noted in Chapter 1, Ukraine poses the
greatest risk, as there are a growing number of voices in that country raising
questions about the wisdom of eliminating the nuclear weapons now on Ukrainian
soil, and in November 1993, the Ukrainian Rada acted to ratify START without
accepting the denuclearization commitment of the Lisbon Protocol. Efforts to
resolve the issue are continuing, but Ukraine's ultimate decision remains in
doubt.

The Risks of Breakdown

The risks of theft of nuclear weapons or fissile materials in the former
Soviet Union are serious. The Soviet Union maintained an elaborate system of
security and command and control to ensure against any unauthorized seizure or
use of nuclear weapons, and the Russian government is trying to maintain this
system.'! Controls over fissile materials were traditionally based primarily on
extensive physical security measures, rather than detailed accounting, and this
continues to be the basic approach. The overall integrity of these systems is
difficult to determine, particularly since their heavy reliance on secrecy limits the
information available to the public.

For now, the U.S. intelligence community is confident that the nuclear
weapons of the former Soviet Union remain under firm central control and
security.'? Fissile materials pose a more difficult question. The intelligence
community continues to check out each report of theft, transfer, or sale of nuclear
weapons or fissile materials, but has "not, to this point, detected the sale or
transfer of significant nuclear material, nor the sale or transfer of the weapons
themselves.” '3 But not all reports have been successfully tracked down. Given
the level of social turbulence in Russia, control over weapons and materials could
erode over time. Already, there are dozens of reports of events suggesting some
erosion of the organizations involved in controlling these materials. These include
large-scale military corruption and extensive thefts of conventional weapons,
myriad cases of theft of civilian nuclear materials,

1 For a current description, see Bruce Blair, The Logic of AccidentalNuclear War (Washington,
D.C.: The Brookings Institution, 1993).

12 See, for example, testimony of CIA Director R. James Woolsey, House Foreign Affairs
Committee, July 28, 1993. Weapons outside of Russia are under Russian operational control. Those in
Ukraine, however, raise greater concerns. If the dispute with Russia over Ukraine's denuclearization
commitments and related issues worsens, Ukraine might attempt to assert physical control over them.

13 Woolsey, ibid.
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threats by Strategic Rocket Forces personnel to leave their posts because of
inadequate food supplies, protests and threats of strikes at nuclear weapons
facilities where personnel have not been paid in months, and military factions
apparently operating quasi-independently in various conflicts on Russia's
borders.

Nuclear weapons and weapons-usable fissile materials are likely to be under
considerably tighter security than conventional weapons and less strategically
significant nuclear materials. But Minister of Atomic Energy Mikhailov has
confirmed one theft of HEU and two thefts of low-enriched uranium (LEU).
There are some press reports that purport to have confirmation of black market
dealers possessing weapons-grade plutonium. Mikhailov and other responsible
Russian officials have acknowledged the increasing risks of materials theft
created by the current economic and social turmoil in Russia, and have suggested a
variety of means to strengthen procedures to cope with the issue.'* Guards at

14 There are many hundreds of reports of various types of theft of nuclear materials, most of them
speculative or inaccurate. (For a partial chronology, see William C. Potter, Nuclear Profiles ofthe
Soviet Successor States (Monterey, Calif.: Monterey Institute of International Studies, May 1993),
Appendix One.) Only those in which some confirmation is available, preferably from responsible
Russian officials, are discussed here.

For Mikhailov's references to material thefts, see Elizabeth Martin, "A Conversation with Viktor
Mikhailov," NUKEM Market Report, October 1993. It was not clear from the interview whether the
stolen material was recovered. Mikhailov acknowledged that "many people in Russia live on the edge
of poverty and there is a great temptation to steal in these plants," requiring strengthened "procedures
for accounting and control of all aspects of the fuel cycle." Similarly, Aleksandr Mokhov, head of
MINATOM's Administration for Protection of Information, Nuclear Materials, and Sites, has
acknowledged three cases of theft of uranium in the last two years (from facilities at Podolsk, Glazov,
and Arzamas-16). Up until 1990, according to Mokhov, only three similar thefts had been recorded, in
1967, 1971, and 1989. Mokhov did not indicate whether the uranium involved in these cases was
HEU, LEU, or unenriched material. He indicated that there have been no reported thefts or attempted
thefts of plutonium, but acknowledged that "discipline and responsibility among some managers and
staff at enterprises, including our specialized services, has deteriorated." See Veronika
Romanenkova, "Atomic Energy Official Views Recent Uranium Thefts," ITAR-TASS World
Service, February 20, 1993, reprinted in ForeignBroadcast Information Service—Central Eurasia
(hereinafter FBIS-SOV), February 24, 1993, p. 40.

Several months later, militia Lieutenant General V.P. Ignatov, the head of Interpol's Russian
bureau, also confirmed three uranium thefts, but said, "I can state with full responsibility that not a
single criminal attempt to steal weapons-grade nuclear materials has been registered at any Russian
military industrial installation." All thefts uncovered by law enforcement agencies, he indicated, were
of materials "that cannot be used to fabricate weapons." Ignatov warned, however, that "criminals are
not abandoning their attempts to steal radioactive materials" and suggested that a new international
convention be negotiated "to combat nuclear terrorism." See Veniamin Polubinskiy, "Radioactive
Business: Myths and Reality," Federatsiya, April 2, 1993, reprinted in FBIS-SOV, April 16, 1993, p.
42.

Similarly, Major-General Gennady Yevstafyev, head of the division of the Russian foreign
intelligence service dealing with nonproliferation, stated in August 1993 that "no sign has been found
of highly enriched uranium, plutonium, and specific nuclear technologies being illegally exported,”
but he warned that security standards varied considerably at different types of facilities and that
problems in this area would soon become "acute." He suggested setting up an International Atomic
Energy Agency (IAEA) group to monitor the illegal nuclear trade. See Vladimir Orlov, "Nuclear
Analysis by General Yevstafyev of the Russian Intelligence Service," Moscow News, August 27,
1993.

Mikhailov, at roughly the same time as he acknowledged the HEU theft, denied in another
interview that any weapons-grade materials had been stolen, saying that reports of such thefts were
"somebody's fantasy or a special forgery," designed to "tarnish the nuclear industry and Russia's
nuclear complex." Mikhailov was reacting to what was purported to be a police document, reportedly
confirmed by the chief investigator in the
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many facilities are reportedly poorly paid and motivated, and may be susceptible
to bribery or threats. Some civilian facilities with enough HEU or plutonium for a
bomb, such as research reactors, reportedly have no portal monitors to detect
removal of fissile material. Diversions directed by officials within a particular
facility could effectively bypass most of the security measures that do exist, and
cannot be ruled out. Although Russian officials continue to resist the idea that
"insider” theft is a serious possibility, cases of theft of LEU involving as many as
eight insiders conspiring together have been officially confirmed.'> Such insider
conspiracies pose severe challenges to security systems. The United States (along
with some other donors) is planning to provide Russia, Ukraine, Belarus, and
Kazakhstan with limited assistance in improving safeguards and security for
fissile materials, but much more needs to be done (see Chapter 5).

The Risk of Breakout

The final risk is the danger that the arms reductions process might be
reversed—a prospect often referred to as "breakout"—or that perceptions that this
danger remained might limit the scope or benefits of reductions. This risk is
integrally linked to the overall structure of the arms reduction regime, a part of
the context of the plutonium problem addressed below.

THE ARMS REDUCTION REGIME

The committee's previous study described its view of the future of nuclear
weapons and nuclear arms reductions in detail.'® The existing nuclear arms
reduction regime is the product of more than 30 years of effort, signifying a
recognition by both the United States and the Soviet Union—continued by
Russia—that cooperation in limiting military threats serves their security interests
better than unbridled competition. Continuing to build on these elements of a
cooperative regime will be an important part of U.S. security policy in the

case, indicating that materials seized from a group of black market arms dealers in Moscow
included "weapon-grade plutonium." (The dealers had indicated to an undercover reporter that the
material included "80 percent of uranium and 20 percent of plutonium," a ratio typical of breeder
reactor fuel.) See Chris Wallace, "Loose Nukes," Prime-Time Live, ABC News, October 14, 1993,
transcript.

Despite these risks, it appears that MINATOM and the Ministry of Defense are resisting external
oversight of security and accounting procedures by GOSATOMNADZOR, the Russian equivalent of
the Nuclear Regulatory Commission, which President Yeltsin has charged with that task. See Mark
Hibbs, "Watchdogs Say MINATOM Withholding Material Theft and Diversion Data," Nuclear Fuel,
August 16, 1993; Yevgeniy Solomenko, "Army Smoking Break on Powder Keg," Izvestia, July 21,
1993, reprinted in FBIS-SOV, July 21, 1993; and "Uranium, Plutonium, Pandemonium," The
Economist, June 5, 1993.

15 At least eight insiders at the factory are said to have been involved in the widely reported Glazov
uranium theft, which apparently involved some 100 kilograms of uranium. For a detailed official
confirmation of this case, see Veniamin Polubinskiy, "Radioactive Business: Myths and Reality,"
Federatsiya, April 2, 1993, reprinted in FBIS-SOV, April 16, 1993, p. 42. For a listing of other
accounts, see Potter, op. cit.

16 National Academy of Sciences, Committee on International Security and Arms Control, The
Future of the U.S.-Soviet Nuclear Relationship (Washington, D.C.: National Academy Press, 1991).
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years to come. As the committee argued in its previous study, provided world
conditions are favorable and the other nuclear powers can be brought along,
substantial reductions beyond the START II levels would further improve
security.

A substantial factor limiting the likely scope of reductions is the perceived
risk of breakout. Unless the warheads to be retired and other excess warhead
stocks are dismantled, and the fissile materials they contain controlled, each party
to reductions might fear that another party could rapidly abandon the reductions
regime and reconstitute its arsenal.

Despite the uncertain nature of the present Russian political scene, it is
difficult to envision a situation in which even an extremely nationalistic future
Russian government would choose to repudiate START I and START II once
they had entered into force. Moreover, at the levels of highly survivable forces
projected for 2003 under START II, even the worst-case breakout scenario on
either side would not fundamentally threaten the strategic balance.

Recent agreements, however, do little to reduce the theoretical potential for
breakout. Under START I and START II, nearly all of the reductions are to be
accomplished simply by removing warheads from launchers that will remain
deployed or that will be placed in storage.!” Once the nuclear weapons are
removed from their delivery vehicles, there is no requirement to eliminate,
control, or even account for them. These accords generally also do not require
elimination of retired missiles, and they place few limits on reserve stocks of
nondeployed missiles or nuclear weapons. '3

Most of START II's large reductions will be achieved by removing
warheads from missiles that will remain in service—a process known as
"downloading"—and by shifting bombers to conventional missions.!® Thus, in
the unlikely event that either side decided to break out of the START II treaty,
much of the job could be done simply by: (1) loading warheads back on to
downloaded, but still operational, missiles; (2) reorienting bombers from
conventional

17 The Intermediate-Range Nuclear Forces (INF) Treaty went somewhat further, requiring the
physical destruction of the missiles to be retired (rather than only their launchers) and covering not
only deployed systems but nondeployed systems as well. The goal, in part, was to make the
agreement stronger and more complete by eliminating all the limited systems. Even in that case,
however, there was no requirement for the dismantlement of any of the retired warheads, a fact that
provoked some criticism.

18 The exception is the "heavy" 10-warhead SS-18 intercontinental ballistic missile (ICBM), which
Russia has agreed to eliminate under START II. All but 90 of the SS-18 silos must also be destroyed,
with the remaining 90 modified so that they can launch only much smaller missiles.

19 For example, U.S. C-4 and D-5 submarine-launched ballistic missiles (SLBMs), which currently
carry 8 warheads, could be downloaded to 4, while remaining equipped with a warhead "bus" capable
of carrying 8. In the Russian case, 105 of the SS-19 ICBMs could be downloaded from 6 warheads to
1, and the SS-N-20 SLBM will probably either be downloaded from 10 to 6 warheads or be replaced
with a new 6-warhead missile. Only in the case of the SS-18s are all missiles and "reentry vehicle
platforms” (buses) to be destroyed. See U.S. Senate, TreatyBetween the United States and the Union
of Soviet Socialist Republicson the Reduction and Limitation of Strategic Offensive Arms, Treaty
Documents 102-20 and 102-32.

Each side can also remove warheads from a limited number of bombers and "reorient” the planes to
conventional status, without any modification. The United States plans to invoke this provision for its
entire fleet of almost 100 B-1 aircraft.
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to nuclear roles; or (3) reactivating retired missiles in storage. (The third step
would be more difficult and time-consuming.) By these means, even after START
IT was fully implemented, Russia might be able to relatively rapidly increase its
force by as much as 100 percent. The United States might be able to increase its
force by roughly 130 percent.?’

Despite the small likelihood of breakout, the continuing option represented
by these delivery vehicles and warheads remains a weakness in the current arms
reduction regime. This weakness could become more threatening over time if
political conditions deteriorate, and could limit the political prospects for further
cuts, or for bringing other nuclear states into the reductions process. Approaches
to addressing this problem are discussed in Chapters 4 and 5.

THE NONPROLIFERATION REGIME

The global nonproliferation regime also represents decades of effort in
building a more cooperative approach to security. Ultimately, restraining the
spread of nuclear weapons is a political issue, which must rest on the conviction
of states that their security is better served by not acquiring nuclear weapons.
Technical barriers alone cannot prevent proliferation by a state determined to
acquire nuclear weapons; they can only make it more difficult, costly, and time-
consuming—which in some cases can provide the time needed for political
persuasion to end a nuclear weapons program. As noted in Chapter 1, the primary
technical barrier to nuclear weapons capability remaining today is access to fissile
materials. Policies for the management and disposition of existing plutonium
must be designed to strengthen this technical barrier, and to help strengthen the
agreements and institutions involved in implementing the nonproliferation
regime.

Fundamentals of the Nonproliferation Regime

The foundation of the nonproliferation regime is the nuclear Non-
Proliferation Treaty, which was signed in 1968 and entered into force in 1970.
This treaty, which now has nearly 160 adherents, consists of a fundamental
bargain. All of the member nations except the five declared nuclear-weapon
states (the United States, Great Britain, France, China, and the former Soviet
Union, all of whom are now parties) are prohibited from acquiring nuclear
weapons; in return, the nonnuclear states are to have open access to and
assistance in nuclear technology for peaceful purposes, and the nuclear-weapon
states are to work toward disarmament in good faith. The treaty allows any party
to acquire and use separated plutonium or HEU for non-weapons purposes,
provided, in the case of non-nuclear-weapon states, that it remains under
safeguards.

20 This apparent "breakout advantage" for the United States results from START II's requirement
that Russia destroy its SS-18 missiles.
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The NPT is supplemented by a range of other accords and understandings.
The International Atomic Energy Agency (IAEA), established in 1957, conducts
agreed international monitoring of civilian nuclear facilities to ensure that
bilateral supplier-recipient commitments and NPT commitments are being
honored.?! Various regional arrangements, such as Latin America's Treaty of
Tlatelolco and the South Pacific's Treaty of Rarotonga, seek to keep those areas
free of nuclear weapons.?> The Nuclear Exporters Committee (Zangger
Committee) and the Nuclear Suppliers Group (London Club), established in 1974
and 1975, respectively, provide their membership—industrial countries who
strongly support the NPT—with forums to discuss policy problems and to
coordinate export guidelines for technologies potentially related to nuclear
weapons.

In recent years, a number of steps have been taken to strengthen the regime,
partly in response to revelations concerning Iraq's extensive clandestine nuclear
weapons program, which highlighted some serious weaknesses:

* Export controls in a number of important countries have been strengthened
and the Nuclear Suppliers Group has tightened its export guidelines.

* The TAEA has moved to establish a capability to receive and respond to
intelligence on nuclear developments provided by member states.

* The TAEA has begun to exercise its existing authority to carry out
inspections at undeclared sites.

e The UN Security Council has identified the spread of weapons of mass
destruction as a threat to international security, giving it the authority to act
to counter proliferation.

e In cases ranging from North Korea to Iraq to Ukraine, the international
community has demonstrated new unanimity and coordination in acting to
counter the spread of nuclear weapons.

Despite these encouraging steps, several critical "threshold" states remain
outside the regime (including Israel, India, and Pakistan). Moreover, two states
—North Korea with its resistance to effective safeguards, and Ukraine with its
ambivalence about giving up the nuclear weapons of the former Soviet Union
still on its territory—pose urgent challenges to the regime. And a few other states
may be attempting to pursue nuclear weapons programs, or helping others to do
s0, while remaining formally within the regime.

There are important linkages between the management and disposition of
excess nuclear weapons and fissile materials and the future of the nonproliferation
regime. As described in Chapters 4 and 5, some measures for managing excess
military fissile materials in the United States and Russia could set a

21 The European Community's EURATOM organization fills a similar role, in cooperation with the
TIAEA, in Western Europe.

22 The Tlatelolco treaty also commits its parties to abide by an IAEA safeguards regime
comparable to that in the NPT.
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standard for application to civilian materials elsewhere, strengthening safeguards
and security for fissile materials worldwide.

In addition, as noted in Chapter 1, measures to demonstrate that thousands
of nuclear weapons had been dismantled and the resulting fissile materials
committed to exclusively nonexplosive purposes could, in concert with recent
progress in arms reductions, help build support for an indefinite extension of the
NPT at the 1995 extension conference, and for measures to strengthen the
nonproliferation regime.

The Role of the IAEA

Efforts to stem the spread of nuclear weapons are critically dependent on the
strength and credibility of the systems and organizations given the responsibility
to carry them out, in particular the IAEA.

The IAEA's traditional approach to safeguards focused on verifying declared
facilities at declared sites. Even though the IAEA has always had statutory
authority to inspect other sites, support from its key members was not sufficient
to enable it to do so. The discovery of a vast nuclear weapons program in Iraq,
taking place largely at undeclared sites, clearly demonstrated that this approach
was insufficient. This accelerated an IAEA reform effort that was already under
way. The agency is now taking a variety of steps to strengthen its safeguards,
including placing new emphasis on collecting and integrating information from
all available sources on the nuclear programs of individual states, and reaffirming
its right to conduct special inspections at undeclared sites. This reinvigoration
must continue.

The IAEA has taken on an expanded role in recent years, and this study
recommends new missions, particularly relating to storage and long-term
disposition of fissile materials. These new roles will place new burdens on the
agency, and successful implementation is likely to require continuing reform.
Most of these missions involve political issues about which the IAEA's diverse
membership would need to develop a workable consensus, and this will not come
easily in some cases. Sustained diplomatic effort to build support for these new
missions will be required.

Equally important, to maintain a strengthened safeguards effort, or to
participate in monitoring fissile materials released from nuclear weapons
programs, the IAEA will need greater resources. The current IAEA safeguards
budget for the entire world is in the neighborhood of $68 million a year—an
inadequate sum and a trivial one on the scale of security spending by the major
powers.

Unfortunately, however, the major powers have for many years insisted on
keeping the IAEA to an essentially flat budget; only in recent years have they
agreed to any increases at all, and these have been small compared to the major
new responsibilities the agency has taken on. Although some other agency
activities are funded by voluntary contributions, safeguards are funded by fixed
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assessments, which are set so that the major powers pay most of the bill. These
assessments can be changed only by a vote of the Board of Governors. Efforts to
substantially increase the budget are subject to the usual politics of international
institutions, including disputes over issues such as the status of Israel and South
Africa, and the reluctance of some major powers to provide more safeguards
funding if the result is more inspections in their own countries.>? The Clinton
administration's recent nonproliferation initiative recognizes this problem,
pledging to "seek to ensure that the International Atomic Energy Agency has the
resources needed to implement its vital safeguards responsibilities.">* Gaining the
substantial increases in resources that are needed is likely to require more flexible
approaches to both inspection and funding. Some possible approaches are
discussed in Chapter 5.

CIVILIAN PLUTONIUM PROGRAMS

Management and disposition of excess weapons plutonium will take place in
a context in which large quantities of separated plutonium are being produced,
stored, and used for civilian nuclear fuel as well.? Currently, excess stocks of
separated civilian plutonium are building up in parallel with the excess stocks of
weapons plutonium resulting from weapons dismantlement.

The basic elements of the civilian plutonium cycle are reprocessing, to
separate plutonium from spent reactor fuel; fuel fabrication, to turn that plutonium
into fresh reactor fuel; and recyclin g, the use of plutonium in reactors.

Recent TAEA estimates indicate that as of late 1992, some 86 tons of
plutonium separated from civilian spent fuel was in storage worldwide.?® Most
of the reprocessing that produced this plutonium was done in plants in Great
Britain, France, and Russia. The rate at which plutonium is being produced by
reprocessing remains higher than the rate at which it is being used in reactors,
resulting in growing excess stocks. The stock of unused plutonium in store is
expected to increase to between 110 and 170 tons by the latter part of this decade

23 Traditionally, in order to avoid appearing to discriminate between developed nations and
developing states, the IAEA has generally focused its safeguards effort on the locations handling the
largest quantities of sensitive materials, rather than focusing special efforts on countries judged to be
the greatest proliferation risks. As a result, more than half of the agency's safeguards budget is spent
on inspections in Germany, Canada, and Japan. Thus, the major powers believe they are
"oversafeguarded" already, and would be reluctant to provide additional funds for even more
inspections on their own territory. More flexible approaches to safeguarding that would permit some
reallocation of resources are now under discussion.

24 White House Fact Sheet, "Nonproliferation and Export Control Policy," September 27, 1993.
The statement also pledged to work "to strengthen the IAEA's ability to detect clandestine nuclear
activities."

25 An excellent source of information on civilian—and military—plutonium programs is David
Albright, Frans Berkhout, and William Walker, WorldInventory of Plutonium and Highly Enriched
Uranium 1992 (London: Oxford University Press for SIPRI, 1993).

2 See J.S. Finucane, "Summary: Advisory Group Meeting on Problems Concerning the
Accumulation of Separated Plutonium," IAEA, Division of Nuclear Fuel Cycle and Waste
Management, September 21, 1993. More than half of this accumulated plutonium belonged to Great
Britain and Russia; while other reprocessing countries have decided to use plutonium in light-water
reactors to reduce the buildup of excess stocks, neither of these countries has yet taken this route.
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or early in the next century, depending on the scale of reprocessing and plutonium
use over the intervening period.”’

An infrastructure of existing and planned civilian facilities thus exists to
store many tons of plutonium, fabricate it into reactor fuel, and use it in reactors.
These facilities, however, are already burdened with managing civilian
plutonium; using them to handle excess military plutonium would require
substantially expanding them or displacing the civilian plutonium in some way
(see Chapter 6).

Today's civilian plutonium programs in the advanced industrial countries
result from decisions made in the 1970s, when it was believed that energy
demand would increase much more rapidly than it has, that nuclear power would
supply a larger fraction of that energy than it has, and that resources of uranium
were far more limited than they have since proved to be.”® Thus, it was believed
that for a secure energy future, it would be essential to move quite rapidly to a
plutonium fuel cycle, in which reactors would turn uranium-238 (U-238, which
accounts for more than 99 percent of natural uranium) into plutonium, which
could be used as a fuel, thereby extending uranium reserves by as much as a
factor of 1,000.2° The means to do this was the "breeder" reactor—so-called
because by turning U-238 into plutonium it would produce more fuel than it
consumed—combined with reprocessing and reuse of the resulting plutonium.

With the slower than expected growth of nuclear power production and the
discovery of large new resources of uranium, the economic justification for such a
plutonium cycle has receded some decades into the future. Nonetheless, a number
of countries are continuing to actively pursue plutonium fuel programs, in order
to maintain a role in advanced nuclear technology, to help ensure long-term
energy supplies, and to explore the possibility that reprocessing and recycling
might help ease the difficulties of managing nuclear waste.

The inertia of long-standing programs, written into policies, national laws,
and binding contracts, is also a major factor in sustaining these plutonium efforts.
Reprocessing plants whose construction began in the 1970s or 1980s are only now
being opened, and plutonium fuel fabrication facilities planned for many years
are nearing completion or beginning construction. Similarly, although breeder
reactors have encountered technical problems in several countries and their
commercialization has been greatly delayed, several long-standing breeder
reactor development programs continue. Long-planned programs to use
plutonium fuel in existing light-water reactors (substituting a plutonium-uranium

27 Finucane, ibid. Albright et al. (op. cit.) provide roughly similar estimates.

28 For a useful overview of these changes, see Leslie Dircks, IAEA Deputy Director-General,
"Nuclear Fuel Recycling: The IAEA Perspective," speech, Tokyo, March 25, 1992.

29 A factor of roughly 100 would come from the 100-fold greater abundance of U-238 compared to
the U-235 consumed in most reactors today; an additional factor of roughly 10 might come from the
possibility of mining uranium resources that it would not be economical to exploit if only the U-235
were going to be used, but might become economical if the U-238 were going to be used as well.
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mixed-oxide (MOX) fuel for part of the LEU fuel these reactors normally use) are
going forward in several countries.

At the same time, proliferation concerns and the currently unfavorable
economics of plutonium use have led some nations, notably the United States, to
promote postponing or abandoning reprocessing and the plutonium fuel cycle in
favor of direct disposal of spent fuel.3®On September 27, 1993, the Clinton
administration announced a nonproliferation initiative which makes clear that
while the United States will not interfere with reprocessing in Japan and Europe,
"the United States does not encourage the civil use of plutonium and,
accordingly, does not itself engage in plutonium reprocessing for either nuclear
power or nuclear explosive purposes.” The initiative called for an exploration of
"means to limit the stockpiling of plutonium from civil nuclear programs."3!
Nevertheless, the vision of a plutonium fuel cycle remains deeply held by many
in Europe, Russia, and Japan.

Current plutonium programs involve a complex web of international
relationships governing different parts of the fuel cycle. Belgium, for example,
needs contracts from France, Switzerland, and Germany to sustain its MOX
fabrication plant. Japan, Germany, and other countries depend on France to
reprocess their spent fuel, and Britain expects to provide major reprocessing
services when its new facility opens. Russia is seeking foreign investment to
complete a MOX fabrication plant and a new reprocessing facility.

At least two of the major nations involved—Germany and Japan—are
rethinking aspects of their plutonium programs. But the long-standing
investments and commitments at stake, combined with the international contracts
involved, will make major changes in policy difficult. Policy decisions on the
disposition of excess weapons-grade plutonium will need to take these conditions
into account. The civilian plutonium programs of the major countries are
described in Appendix B.

SAFEGUARDS AND PHYSICAL SECURITY

International efforts to reduce the proliferation risks posed by plutonium and
enriched uranium rest on two basic concepts: (1) safeguards (both national and
international) are designed to defect any diversion of materials and enable a
timely response, thereby contributing to the deterrence of such diversions; and
(2) security (currently entirely national, rather than international) involves

30 In April 1977 the Carter administration announced its decision "to defer indefinitely the
commercial reprocessing and recycling of the plutonium produced in U.S. nuclear power
programs" (PresidentialDocuments—Jimmy Carter, Vol. 13, no. 15, April 18, 1977). An influential
analysis that provided part of the technical basis for that decision is Spurgeon M. Keeny, Jr., Nuclear
Power: Issues and Choices, Report of the Nuclear Energy Policy Study Group (Cambridge, Mass.:
Ballinger Publishing Company, 1977).

3 White House Fact Sheet, "Nonproliferation and Export Control Policy," September 27, 1993.
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measures to prevent any theft of materials, through the use of barriers, guards,
and the like.*?

Standards for both safeguards and physical security vary widely. In the case
of national safeguards, most nations possessing significant quantities of nuclear
materials have some form of national system for material control and accounting,
to keep track of the quantities, locations, uses, and movement of nuclear materials
under their control. The quality of these systems varies dramatically, however.
The non-Russian states of the former Soviet Union, for example, are now facing
the need to set up such systems for the first time, in the midst of ongoing
economic and political transformations.

Similarly, standards of accounting at particular facilities also vary. At bulk
plutonium processing facilities, for example, small percentage uncertainties in
accounting for large quantities of material have so far made it difficult to meet the
standard of "timely detection" of diversion of a "significant quantity" of plutonium
(defined by the IAEA as 8 kilograms, although weapons can be made with less).
33 Therefore containment and surveillance—efforts to ensure that fissile materials
do not leave certain areas, or the facility as a whole, undetected—are also an
important factor in both national and international safeguards.

International safeguards have somewhat different purposes and objectives.
While national safeguards are designed primarily to detect theft of material from
the control of the state on whose territory the facility operates, international
safeguards are designed to detect diversion by the state itself. Thus, all of the
information provided by the facility operator must be treated as potentially
suspect and subject to verification. International safeguards work much as a bank
audit does: the operator of the facility provides records on the beginning

32 This division of "safeguards" and "security" into two distinct activities follows the IAEA usage.
However, in other contexts, the word "safeguards” is sometimes used to include both material control
and accounting, and physical security. That, for example, is how the term is used in most official
discussions of U.S. national systems for security and material control and accounting. For a useful
discussion of many of the issues raised in this section, see Paul Leventhal and Yonah Alexander, eds.,
Preventing Nuclear Terrorism (Lexington, Mass.: Lexington Books, 1987).

33 The chief problem in achieving such timely detection is that traditional material accounting
techniques involved balancing the input and output from a plant with its current inventory, and for
economic reasons, the plant shutdown required to take a full inventory could be done only at
relatively long intervals (such as six months or a year). Thus, it could take that long for any missing
material to show up on the books; and a very large amount of material would have been processed
during the prolonged inventory period, requiring extremely precise accounting to detect diversions as
small as a few kilograms. New techniques have been developed to try to address this problem in
recent years, however, using instruments to measure process inventories without shutting the plant
down, or frequent comparison of the plant input to ensure that the amount of material in process is
not changing in unexplained ways. Even these techniques, however, do not assure that the criterion of
timely detection of diversion of 8 kilograms of plutonium could be met at a large facility through
material accounting techniques alone. For discussions, see, for example, William Walker and Frans
Berkhout, "Safeguards at Nuclear Bulk Handling Facilities," in J.B. Poole and R. Guthrie, eds.,
Verification Report 1992 (London: Verification Technology Information Center, 1992); and Marvin
Miller, "Are IAEA Safeguards on Plutonium Bulk-Handling Facilities Effective?" Nuclear Control
Institute, August 1990. For a summary of the current strengths and weaknesses of the overall
safeguards regime, see Lawrence Scheinman, Assuring the Nuclear Non-Proliferation Safeguards
System (Washington, D.C.: The Atlantic Council, October 1992).
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and ending inventory for the period in question, and the flows of material in and
out, and the inspector independently verifies some of this information, to detect
possible falsification of the records. For items that can be counted individually
(such as money in the case of bank audits or fuel rods in the case of safeguards),
this approach is highly effective. As noted, however, measurement uncertainties
render diversions of bulk materials more difficult to detect—making it very
desirable to package and seal material in discrete units wherever possible.

The standards for international safeguards also vary widely. Non-nuclear-
weapon states who are parties to the Non-Proliferation Treaty must open all their
nuclear facilities to comprehensive safeguards administered by the IAEA—so-
called full-scope safeguards. Nations that are not party to the NPT, such as India,
Pakistan, and Israel, do not face comparable requirements, although as a result of
arrangements with nuclear suppliers, some individual facilities in these countries
are under safeguards.* Nuclear-weapon states under the NPT (the United States,
Russia, Britain, France, and China) are not required to open any of their facilities
to safeguards, although in "voluntary offer" agreements, they have made some
facilities available for inspection. The United States, for example, has offered to
permit safeguards at all of its civilian nuclear facilities. In practice, the JAEA
does not expend its limited budget on safeguarding U.S. facilities, since there is
little risk that a nation that already possesses thousands of nuclear weapons would
divert additional nuclear material from its civilian nuclear fuel cycle. Russia, by
contrast, has opened only a handful of facilities to IAEA safeguards, even in
principle. British and French civilian facilities are covered under arrangements
with EURATOM, and some facilities in those countries are also inspected by the
TAEA.

Even when all important facilities are under IAEA safeguards, monitoring
standards vary from facility to facility. Many types of facilities are only checked
annually or once every several months: thus, "timely detection" of a diversion
would be difficult to achieve. Table 2-1 shows the types of facilities under [AEA
safeguards at the end of 1992.

Standards of security for nuclear materials also vary widely. Unlike
safeguards, where the IAEA has been given a major role, the JAEA's member
states regard security for nuclear materials—often referred to as "physical
protection"—as a matter of national sovereignty. Thus, although an attempt to set
international standards was made in the 1980 Convention on the Physical
Protection of Nuclear Material, that convention is quite vague in its
requirements, applies primarily to international transport of materials, and has no
provisions for verification or enforcement. Similarly, although the IAEA has
published somewhat more detailed guidelines for physical protection of nuclear

34 The members of the Nuclear Suppliers Group have long required safeguards on the facilities to
which they export materials. In the spring of 1993, the Nuclear Suppliers Group agreed to make full-
scope safeguards a condition of export of "major nuclear items."
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materials, these are purely advisory.>® Neither the IAEA nor any other
organization monitors or compiles information on physical security procedures
worldwide.

TABLE 2-1 Facilities Under Safeguards or Containing Safeguarded Materials at the

End of 1992
Number of Facilities (number of installations)
Facility Category Non-Nuclear- Non-NPT Nuclear- Total
Weapon States Weapon
States States
Power reactors 151 (182) 13 (17) 2(2) 166 (201)
Research reactors 134 (145) 22 (22) 2(2) 158 (169)
and critical
assemblies
Conversion plants 6(7) 3(3) 0(0) 9 (10)
Fuel fabrication 33 (34) 909 1(1) 43 (44)
Reprocessing 5(5) 1(1) 0(0) 6 (6)
plants
Enrichment plants 5(5) 1(1) 1(1) 7(7)
Separate storage 35 (36) 6 (6) 5(5) 46 (47)
facilities
Other facilities 54 (57) 44 0(0) 58 (61)
Subtotal 423 (471) 59 (63) 11(11) 493 (545)
Other locations 290 (468) 28 (32) 0(0) 318 (500)
Nonnuclear 0(0) 3(3) 0(0) 3(3)
installations
Total 713 (939) 90 (98) 11(11) 814 (1048)

NOTE: The first category includes states with IAEA Information Circular (INFCIRC) 153
agreements, which refers to comprehensive safeguards agreements pursuant to the Treaty on the
Non-Proliferation of Nuclear Weapons and the Treaty of Tlatelolco (excludes locations in Iraq). The
second category includes INFCIRC/66/Rev. 2 agreements covering specific facilities in non-NPT
states and Taiwan.

SOURCE: T.E. Shea and K. Chitumbo, "Safeguarding Sensitive Nuclear Materials: Reinforced
Approaches," IAEA Bulletin, Vol. 35, no. 3, 1993, p. 26.

35 See IAEA, Information Circular INFCIRC) 274, "The Convention on the Physical Protection of
Nuclear Material," May 1980; INFCIRC 225, Revision 2, "The Physical Protection of Nuclear
Material," December 1989 (the IAEA's advisory guidelines); and INFCIRC 254, "Communications
Received from Certain Member States Regarding Guidelines for the Export of Nuclear Material,
Equipment, or Technology," February 1978 (export guidelines including physical protection).

Typically, though not always, security for Category I materials—those containing significant
quantities of unirradiated plutonium or HEU—would include storing the material in a locked vault, in
an area that was guarded, and to which access was carefully controlled. All personnel entering or
leaving would be searched. The
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Different countries have very different views of the types of likely threat, of
the best means to respond to it, and of how much to spend on security. In Russia,
major nuclear material facilities are generally under heavy armed guard, but
techniques for detailed accounting of the material have received less emphasis, in
part because during the Soviet era, the most likely threat was long seen as an
outside attack rather than an insider diversion. In Japan, by contrast, since the
government believes that the unity of Japanese society makes outside attack
unlikely, the guards at plutonium stores and other nuclear facilities do not carry
firearms. But the technologies in place in Japan for safeguards and material
accounting are some of the best in the world.?°

Unfortunately, as with all human endeavors, the effectiveness of physical
security systems is often considerably less in practice than it is on paper. For
example, even in the U.S. nuclear weapons complex, probably among the most
secure facilities in the world, tests held as recently as the mid-1980s determined
that plausible terrorist attacks could succeed in stealing significant quantities of
plutonium, or even bomb components. A large-scale effort was then launched to
identify weaknesses in the system and make corrections.?’

Safeguards and security for plutonium in spent fuel are less stringent than
those for separated plutonium and HEU. In general, it is assumed that the intense
radioactivity of spent fuel, and the size and weight of spent fuel bundles or casks,
would reduce the r