The Challenges of
Fissile Material Control




Copyright © 1999, Institute for Science and International Security
All rights reserved

Library of Congress Catalog Card No. 98-75828

ISBN 0-9669467-0-7



The
Challenges
of Fissile
Material
Control

ddddddddddddddddddddddddddddddddd

The Institute for Science

and International Security






INTRODUCTION

CHAPTER |

CHAPTER II

CHAPTER IlI

CHAPTER IV

CHAPTER V

APPENDIX 1

APPENDIX 2

APPENDIX 3

APPENDIX 4

APPENDIX 5

contents

Acknowledgments

About the Authors

Glossary

Acronyms Appearing in the Text

The Fissile Material Challenge—The Editors

Making the Grade? International Fissile Material
Control Efforts—David Albright

Policies on Fissile Materials: The Cutoff Treaty
and Existing Stocks—William Walker

Status Report on Fissile Materials: Paths to Deep
Reductions and Nuclear Disarmament—Kevin O’Neill

The Risk of Theft: Protecting Fissile Materials in
the Former Soviet Union—Kevin O’Neill

Troubles Tomorrow? Separated Neptunium 237
and Americium—David Albright and Lauren Barbour

Fissile Material Cutoff Treaty:
A Chronology—Lauren Barbour

Report of Ambassador Gerald E. Shannon of Canada

on consultations on the most appropriate arrangement to
negotiate a treaty banning the production of fissile material
for nuclear weapons or other nuclear explosive devices
(Shannon Report)

Draft Decision on the establishment of an ad hoc
committee under item 1 of the agenda entitled “Cessation
of the nuclear arms race and nuclear disarmament™

Efforts to Place Excess Fissile Materials Under
International Controls

U.S., Russian Military Stocks of Highly Enriched
Uranium

Xi
xiii

Xviii

29

4

69

85

97

105

107

109

113






list of tables

Table 1.1 Estimated Global Fissile Material Inventories,
end of 1997

Table 1.2 Scorecard Summary

Table 1.3 Production and Status of Military Stocks
of Fissile Material, end of 1997

Table 1.4 Fissile Material Declared Excess, as of July 1997
Table 1.5 Unirradiated Civil Plutonium, 1996

Table 2.1 U.S., Russian Excess Weapon-Grade
Plutonium and Highly Enriched Uranium

Vii

11

14

20

31






Acknowledgments

This report is the product of several years’ research carried out at
the Institute for Science and International Security (ISIS) in
Washington, D.C. It was made possible by grants from the W.
Alton Jones Foundation, the Ford Foundation, the John Merck
Fund, the New-Land Foundation, the Ploughshares Fund, the
Scherman Foundation, and a member of the Rockefeller family
who wishes to remain anonymous. Publication was made possible
by the generous contribution of Frances Close.

A series of four ISIS-organized conferences on fissile materials,
held in Washington, D.C., Geneva, and Vienna during 1996 and
1997, provided important information and direction to this report
during its formative stages. The editors are particularly thankful to
those who spoke and participated at these conferences, especially
Steven Aoki, Andrew Bieniawski, Lars Bjarmi, Matthew Bunn,
Jason Cameron, Lewis Dunn, Malik Ellahi, Richard Falkenrath,
Dan Fenstermacher, David Fischer, Peter Goosen, Michael Guhin,
Richard Hooper, Kenneth Luongo, Edwin Lyman, Marvin Miller,
Steve Mladineo, Mark Moher, Ken Myers |11, David Nulton, Joe
Pilat, Gennady Pshakin, Gary Samore, Donald Sinclair, and Frank
von Hippel. We want to also acknowledge the many participants
who contributed to productive discussions.

The conference in Geneva was co-sponsored with the Canadian
Mission, and we would like to thank in particular Amb. Mark Moher
and Mark Glauser of Canada for their extensive work in creating a
successful and rewarding workshop. One of the Washington confer-
ences was held in coordination with the 1997 annual nonprolifera-
tion conference sponsored by the Carnegie Endowment for



X

Institute for Science and International Security

International Peace, and the editors would like to thank Leonard
Spector, the former director of the Carnegie Endowment’s
Nonproliferation Project, for his support of our event. Two of the
conferences were co-sponsored by the University of St. Andrews
and the Science Policy Research Unit of the University of Sussex,
and we are grateful for their participation, and especially thankful
to our close colleagues Frans Berkhout and William Walker, who
spoke at these conferences and assisted with their organization.
The workshop in Vienna would not have been possible without
the assistance and support of the IAEA’s David Kyd. The editors
are thankful to the W. Alton Jones Foundation for their support
for this conference series.

Many people have helped to make this report possible. The
editors would like to thank William Walker and Lauren
Barbour for contributing key chapters. The authors would also
like to thank, in particular, Matthew Bunn, Ronald Cherry,
Corey Gay, Mark Glauser, Robert Gromoll, Marina Laker,
Todd Lowery, Kenneth Luongo, Amb. Mark Moher, Adam
Scheinman, Leonard Spector, and Tom Wander for useful com-
ments and suggestions during the course of writing this report.

This report would not have been possible without the assis-
tance of Linda Rothstein, the managing editor of the Bulletin of
the Atomic Scientists. The authors would like to offer their spe-
cial thanks to Linda for her tireless and patient efforts in editing
the report. The project could not have been completed without
her personal interest and commitment.

Jandos Rothstein deserves special credit for laying out and
designing this report. Because this report is the first in a series,
his design work has been especially appreciated.

The statements, views, and findings in this report are the
sole responsibility of ISIS and the authors. They should not be
ascribed to any of the aforementioned individuals, institu-
tions, or governments.

David Albright and
Kevin O’Neill
November 1998



About the Authors

David Albright is a physicist and President of the Institute for
Science and International Security (ISIS), in Washington D.C.
He has assessed worldwide plutonium and highly enriched ura-
nium inventories since the early 1980s. He is the author of many
studies on fissile material and nuclear weapons programs, most
notably, with Frans Berkhout and William Walker, of Plutonium
and Highly Enriched Uranium 1996: World Inventories,
Capabilities and Policies, published in 1997 by the Stockholm
International Peace Research Institute and the Oxford
University Press. He received a 1992 Olive Branch Award for a
series of articles he co-authored on the Iragi nuclear weapons
program for the Bulletin of the Atomic Scientists. In 1996 he was
a member of an International Atomic Energy Agency Action
Team inspection in Irag. He serves on the Secretary of Energy’s
Openness Panel, and, since 1990, on the state of Colorado’s
Health Advisory Panel overseeing the Historical Public
Exposures Studies from Rocky Flats.

Lauren Barbour, a chemist by training, is Staff Scientist at
ISIS. She joined ISIS as a Herbert J. Scoville Fellow in the fall of
1996. Her work at ISIS has included preparing risk comparisons
for the Colorado Department of Public Health and the
Environment, contributing to an IAEA assessment of wide-area
environmental monitoring, and tracking lranian nuclear and
missile developments. She was previously an Associated
Western Universities Summer Fellow at the Idaho National
Environmental Engineering Laboratory.

Xi



Xii

Institute for Science and International Security

Kevin O’Neill is Deputy Director of ISIS. Since joining ISIS
in 1994, O’Neill has worked closely with David Albright to set
the organization’s administrative, fundraising, and research
agenda. His research areas include illicit nuclear trafficking and
proliferation issues related to the former Soviet Union. He is
also a contributing author to Atomic Audit (a project of the
Nuclear Weapons Cost Study Project), which was published in
1998 by the Brookings Institution.

William Walker is Professor of International Relations at the
University of St. Andrews in Scotland. He was previously
Director of Research at the Science Policy Research Unit
(SPRU) at the University of Sussex. He is the author of many
studies of industrial and technological aspects of nuclear prolif-
eration, and of developments in military technologies and indus-
tries. He is a co-author (with David Albright and Frans
Berkhout) of Plutonium and Highly Enriched Uranium 1996:
World Inventories, Capabilities and Policies (1997). Walker is
also the author of Nuclear Power Struggles: Industrial
Competition and Proliferation Control (1982), The Approaching
Plutonium Surplus: A Japanese and European Predicament
(1990), Nationalism, Internationalism and the European Defense
Market (1993), and The U.S.-Euratom Disagreement (1995).

The Institute for Science and International Security
(ISIS) is a non-profit, non-partisan institution dedicated to
informing the public about science and policy issues affecting
international security. Its efforts focus on stopping the spread of
nuclear weapons, bringing about greater transparency of
nuclear activities worldwide, and achieving deep reductions in
nuclear arsenals. ISIS’s projects integrate technical, scientific,
and policy research in order to build a sound foundation for a
wide variety of efforts to reduce the threat posed by nuclear
weapons to U.S. and international security.



Glossary

Actinide A heavy, radioactive element with an atomic number
greater than 89 (actinium) and less than 103 (lawrencium). The
actinide series includes uranium (atomic number 92) neptunium
(93), plutonium (94), and americium (95).

Americium A fissionable, artificial element that can be used
to produce nuclear explosives. The principal isotope, americi-
um 241, is created as a result of the decay of plutonium 241.
Other important isotopes are americium 242m and 243.

Critical mass The minimum mass required to sustain a chain
reaction. The exact mass varies with factors such as the partic-
ular isotope present, its concentration and chemical form, the
geometric arrangement of the material, and its density.

Declared facility A facility that has been declared to the
International Atomic Energy Agency (or other inspection
authority) and is made available for inspection in accordance
with relevant safeguards obligations. In a non-nuclear weapon
state party to the NPT, this includes all operating nuclear facil-
ities. In a nuclear weapon state it includes only facilities desig-
nated by the state.

De facto nuclear weapon state A non-nuclear weapon
state that is not a party to the Nuclear Non-Proliferation
Treaty and possesses unsafeguarded nuclear facilities and a
nuclear weapons program. Typically refers to India, Israel,
or Pakistan.

Depleted uranium Uranium containing less than 0.71 per-
cent uranium 235. Produced as a byproduct of the uranium
enrichment process.

Disposition The disposal of plutonium or enriched uranium,
especially stocks arising from dismantled nuclear weapons.

Enrichment The process of increasing the concentration of
one isotope of a given element (in the case of uranium,
increasing the percentage of uranium 235).
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Fertile material Material composed of atoms which readily
absorb neutrons to produce fissile material. One such material is
uranium 238, which becomes plutonium 239 after it absorbs a
neutron. Fertile material alone cannot sustain a chain reaction.

Fissionable material Material whose nuclei can be induced
to fission by a neutron.

Fissile material Material composed of atoms that fission
when irradiated by slow or “thermal” neutrons. The most
common are uranium 235 and plutonium 239. The term is
often used to describe plutonium and highly enriched urani-
um, as in the proposed cutoff in the production of “fissile
materials.” Uranium 233 is also fissile.

Fuel-grade plutonium Plutonium containing from 7 to 18
percent plutonium 240.

Highly enriched uranium (HEU) Uranium in which the per-
centage of uranium 235 is raised (“enriched”) from a natural
level of 0.71 percent to greater than 20 percent—usually to 90
percent. All HEU can be used to make nuclear explosives,
although a very large quantity is required for HEU enriched
to only 20 percent.

Hot cell A shielded room with remote handling equipment
where highly radioactive materials can be safely examined and
processed. Hot cells are typically used to handle and inspect
spent reactor fuel or targets.

Immobilization The process of isolating materials, either
directly or indirectly, in a matrix of vitrified high-level nuclear
waste. Often refers to a particular plutonium disposition
technique.

Isotope Atoms having the same number of protons but a differ-
ent number of neutrons. Two isotopes of the same atom are
chemically similar to each other, and therefore difficult to sepa-
rate, but they may have different nuclear properties. Isotopes are
designated by their atomic mass numbers (total number of pro-
tons and neutrons). Uranium 235 and uranium 238 are isotopes.

Low-enriched uranium (LEU) Uranium containing more
than 0.71 and less than 20 percent uranium 235. Most modern
light-water power reactors use 3-5 percent LEU. LEU is
insufficiently enriched in uranium 235 to be used in nuclear
explosives.

Material Protection, Control and Accountancy (MPC&A)
Systems and procedures that are designed to deter, prevent,
and detect the removal of fissile materials by unauthorized
personnel.
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Mixed Oxide (MOX) Fuel Nuclear fuel composed of a mix-
ture of uranium and plutonium oxide.

Model Protocol A legal instrument containing important
aspects of the International Atomic Energy Agency’s strength-
ened safeguards. The Protocol must be ratified by individual
states before its measures can be implemented. See also
strengthened safeguards.

Natural uranium Uranium containing 0.71 percent uranium
235.

Naval propulsion reactor See propulsion reactor.

Non-nuclear weapon state Any state that did not manufac-
ture and explode a nuclear weapon or other nuclear explosive
device before January 1, 1967. Non-nuclear weapon states that
are party to the NPT are obligated to sign comprehensive safe-
guards agreements with the International Atomic Energy
Agency to ensure that declared civil nuclear materials are not
being diverted to military purposes, and (under recently
strengthened safeguards) to verify the absence of undeclared
fissile material production facilities.

Neptunium 237 A fissionable, artificial isotope that can be
used to produce nuclear explosives. Neptunium is created by
irradiating uranium 235 or uranium 238 in a nuclear reactor or
through the decay of americium 241.

Non-weapon state See non-nuclear weapon state.

Nuclear weapon state Any state that manufactured and deto-
nated a nuclear weapon or other explosive device before January
1, 1967—specifically, Britain, China, France, Russia (as the suc-
cessor to the Soviet Union), and the United States.

Plutonium 239 A fissile, artificial isotope created when ura-
nium 238 captures a neutron through irradiation. Plutonium
239 is one of the principal materials used for nuclear weapons;
the other is uranium 235.

Plutonium 240 An isotope produced in nuclear reactors
when uranium 239, instead of decaying to plutonium 239 or
fissioning, absorbs a second additional neutron. Its presence
complicates the construction of nuclear explosives because of
its high neutron emission and heat output.

Power reactor A nuclear reactor designed to produce electric-
ity, as distinguished from reactors used primarily for research
or for the production of radiation or fissionable materials.

Production reactor A nuclear reactor designed principally
for the large-scale production of weapon-grade plutonium.



XVi Institute for Science and International Security

“Programme 93+2” See strengthened safeguards.

Propulsion reactor A nuclear reactor configured for the
propulsion of naval ships and submarines.

PUREX process A particular method of reprocessing spent
fuel. See also reprocessing.

Reactor-grade plutonium Plutonium containing more than
18 percent plutonium 240.

Reprocessing The chemical treatment of spent fuel to sepa-
rate one or more elements (in most cases, plutonium and ura-
nium) from unwanted radioactive byproducts and (under pre-
sent plans) from each other.

Research reactor A nuclear reactor primarily designed to pro-
duce neutrons for research purposes. Such reactors are also used
for training, materials testing, and radioisotope production.

Safeguards Technical and inspection measures for verifying
that nuclear materials are not being diverted from civil to
other uses. See also strengthened safeguards.

Separative work A measure of the effort required in an
enrichment facility to separate uranium of a given uranium 235
content into two fractions, one with a higher percentage of
uranium 235 and one with a lower percentage. The unit of
measure is the kilogram separative work unit (SWU).

Significant quantity The approximate amount of nuclear
material (not just fissile material) which the International
Atomic Energy Agency considers that a state would need to
manufacture its first nuclear explosive. Eight kilograms of plu-
tonium and 25 kilograms of weapon-grade uranium are con-
sidered significant.

Spent fuel Fuel elements that have been removed from a
reactor after use because they contain too little fissile and fer-
tile material and too high a concentration of unwanted
radioactive byproducts to sustain reactor operation. Spent fuel
is both thermally and radioactively hot.

Strengthened safeguards A set of measures adopted by the
International Atomic Energy Agency (IAEA) to better enable
IAEA inspectors to verify that states have not initiated clan-
destine fissile material programs. Developed through
“Programme 93+2,” certain aspects of strengthened safeguards
are formalized in the Model Protocol.
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Tonne A metric ton; equivalent to 1,000 kilograms or 2,200
pounds.

Undeclared facility A nuclear facility that has not been
declared to the International Atomic Energy Agency (or other
inspection authority). In the non-nuclear weapon states, unde-
clared facilities may constitute a violation of relevant safe-
guards agreements.

Uranium 233 A fissile, artificial isotope that can be used to
produce nuclear explosives. Created when thorium 232 cap-
tures a neutron through irradiation.

Uranium 235 The only naturally occurring fissile isotope.
Natural uranium contains only 0.71 percent uranium 235.

Uranium 238 The principal isotope (99.3 percent) of natural
uranium.

Weapon-grade plutonium Plutonium containing less than 7
percent plutonium 240.

Weapon-grade uranium Uranium enriched to more than 90
percent uranium 235.

Weapon-grade uranium equivalent (WGU-eq) The
amount of weapon-grade uranium (93 percent) that is equiva-
lent to an HEU stock of another enrichment. Often refers to
the amount of weapon-grade uranium that could have been
produced from the total separative work output, assuming a
typical tails of 0.3 percent. This calculation is used when the
actual enrichment level of the HEU is unknown, although
most of it is believed to be weapon-grade uranium.

Weapon state See nuclear weapon state.
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Acronyms appearing
In the text

CD Conference on Disarmament

CTBT Comprehensive Test Ban Treaty

CTR Cooperative Threat Reduction

DOE Department of Energy (United States)
Euratom European Atomic Energy Community
FMCT Fissile Material Cutoff Treaty

HEU Highly enriched uranium

IAEA International Atomic Energy Agency
INFCIRC Information Circular

ISIS Institute for Science and International Security
IPPE Institute for Physics and Power Engineering (Russia)
LEU Low-enriched uranium

Minatom Ministry of Atomic Energy (Russia)
MOX mixed oxide (reactor fuel)

MPC&A Material Protection, Control and Accountancy
NPT Nuclear Non-Proliferation Treaty

NSG Nuclear Suppliers Group

NWFZ Nuclear-weapon-free zone

PUREX Plutonium/Uranium Extraction process
START Strategic Arms Reduction Talks/Treaty
SPRU Science Policy Research Unit

SWU Separative Work Unit

U.K. United Kingdom

U.N. United Nations

U.S. United States of America

USEC U.S. Enrichment Corporation (United States)

WGU-eq Weapon-grade uranium equivalent



Introduction

TheFissle
Materia
Challenge

LUTONIUM AND HIGHLY ENRICHED URANIUM (HEU),
P commonly called “fissile materials,” are the key ingredi-

ents of nuclear weapons, making them two of the most
dangerous materials in existence. There are more than 3,000
tonnes (metric tons) of these materials in the world, enough for
more than 230,000 nuclear weapons.

Effectively managing, controlling, and disposing of fissile
materials is essential to preserving international security and
reducing the risk of nuclear war, nuclear proliferation, and
nuclear terrorism. The need to reduce the risks posed by these
materials has been highlighted by the end of the Cold War, the
collapse of the Soviet Union, and revelations about Irag’s
pre—Persian Gulf War clandestine nuclear weapons program.

The Challenges of Fissile Material Control evaluates the major
efforts now under way to manage, control, and dispose of plu-
tonium and HEU, thereby reducing the risk posed by these
materials. Chapter I, by David Albright, grades governments’
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efforts to control military and civil fissile materials. Although a
number of initiatives have begun, only a few have achieved sig-
nificant progress. The overall pace of creating and implementing
the necessary controls has been disappointing. Many initiatives
are lagging or have stalled completely.

In a major breakthrough, the Geneva-based Conference on
Disarmament (CD) agreed in August to start negotiations
toward a fissile material cutoff treaty (FMCT). In Chapter I,
William Walker discusses the urgent need for an agreement, and
its essential role in complementing and strengthening parallel
efforts to declare, verify, and eliminate excess stocks of military
fissile materials.

Chapter 111, by Kevin O’Neill, surveys several key fissile
material initiatives, with an emphasis on those that are neces-
sary to significantly reduce nuclear arsenals and pave the way
for nuclear disarmament. This chapter also examines recent and
largely successful efforts to strengthen International Atomic
Energy Agency (IAEA) safeguards in the non-nuclear weapon
states. The process of nuclear reductions will require more
stringent measures among non-weapon states to ensure that
they are not acquiring nuclear weapons.

Chapter 1V, also by O’Neill, finds that both the physical pro-
tection and accounting of Russian fissile material stocks remain
inadequate, creating significant risk that some weapon-usable
fissile material will be diverted. In fact, controls have been so
weak during the last several years that one cannot say with
assurance that significant quantities of fissile material have not
already been diverted. The successful acquisition of fissile mate-
rial by a terrorist group or a country such as Iraq or Iran could
profoundly threaten world security.

The report concludes with a chapter by Albright and Lauren
Barbour that considers an issue looming on the horizon, name-
ly the need to institute more controls on two other nuclear
explosive materials—neptunium 237 and americium. Although
these materials are quietly recognized by the nuclear communi-
ty as usable in nuclear explosives, the problem has received lit-
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tle public attention. Neither export controls nor materials mon-
itoring currently provide the international community with
adequate assurance that these materials are not being used to
make nuclear explosives.

The IAEA, concerned by the potential proliferation threat
posed by neptunium and americium, is considering monitoring
separated neptunium 237 and americium in non-nuclear weap-
on states. The debate over monitoring these materials could
have important implications on export controls, physical pro-
tection standards, and nuclear waste disposal practices. It may
also affect the negotiation of an FMCT.

The Long Road Ahead

This report makes clear that considerably more effort is needed
to bring about a world where the threat from fissile materials is
minimized. U.S. and Russian leadership remains critical, yet
domestic problems in both countries are undermining effective
leadership and further complicating already difficult funding
problems for the entire range of fissile-material efforts. To make
matters worse, the United States and Russia are also in conflict
on several important issues.

No one should underestimate the magnitude of the task. In
both the civil and military areas, implementing effective, com-
prehensive controls is bound to take years. However, these dif-
ficulties must not become excuses for endless procrastination.
The goal must remain a world safe from the dangers posed by
fissile materials.

Despite widespread problems, the initiatives outlined in this
report are a sound foundation that can serve as the basis for
constructing a robust and adequate system to manage, control,
and dispose of both civil and military fissile materials. As David
Albright, Frans Berkhout, and William Walker emphasize in
Plutonium and Highly Enriched Uranium 1996, creating and
implementing the full range of fissile material initiatives is not
optional. A cutoff in further production of fissile materials for
weapons, greater transparency over all stocks, improved safe-
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guards and physical protection, more consistent enforcement of
international treaties, more effective export controls, and the
ultimate disposal of fissile materials are all necessary. Together,
they serve the common interest in preventing nuclear prolifera-
tion and terrorism, and in bringing the international communi-
ty closer to an effective and verifiable control regime to support
partial or complete nuclear disarmament.

Throughout the lengthy and difficult process of implement-
ing these initiatives, four guiding principles need to be applied
consistently:

Universality. All stocks of fissile material in all countries
should be subject to the most exacting standards of accounting,
verification, and physical protection.

Transparency. All states should establish and regularly pub-
lish summaries of inventories of fissile materials; they should
also reveal the infrastructures used to produce them.

Minimization. Stocks of fissile material should be mini-
mized, and excess military stocks should be reasonably defined,
then eliminated or disposed of. Military stocks held in
“reserves” should be reduced.

Access. International inspection agencies need greater access
to facilities and information relevant to nuclear or nuclear-relat-
ed activities in all states.

The Challenges of Fissile Material Control supplements and
partially updates Plutonium and Highly Enriched Uranium
1996: World Inventories, Capabilities, and Policies by David
Albright, Frans Berkhout, and William Walker. That book pro-
vides a detailed discussion of both fissile material stocks and
policy initiatives in the areas of military stocks, nuclear non-
proliferation, and civil plutonium separation and reuse. It also
provides a wider frame of reference for the grades awarded for
government efforts to manage, control, and dispose of fissile
materials. The reader is also referred to the ISIS website
(http://www.isis-online.org) for additional information.

—The Editors



