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Preface

This Session, 35T-2, of the Annual Meeting of the American Association for the Advancement of
Science (AAAS) was held on February 18,1991, 8:30 to 11:30 a.m., in the Vermont Room of the Sheraton
Washington Hotel, Washington, DC. The title of the session was Fissile Materials from Nuclear Arms
Reductions: A Question of Disposition. The papers presented during this session covered a variety of is-
sues and technologies concerning the disposition of the highly enriched uranium and plutonium sal-
vaged from retired nuclear warheads. However, circumstances, including the amount of time available
for the session, imposed limitations on the number and breadth of these papers. A comprehensive study
of this topic should include a broader range of papers. The paper on the "Options and Regulatory Issues
Related to the Disposition of Fissile Materials from Arms Reductions," by C. H. Bloomster, M. H.
Killinger, and P. L. Hendrickson (Battelle, Pacific Northwest Laboratory) appeared in the AAAS
Meeting Abstracts but was withdrawn and docs not appear in this Proceedings. However, it is avail-
able from the National Technical Information Service as DE91 008750 (PNL-SA-18728).

This session included a paper on molten salt reactors designed to use highly enriched uranium or
plutonium as fuel. Papers on other types of reactors that can use this fuel would be valuable. See for
example, C. E. Till and Y. I. Chang, "The Integral Fast Reactor," in Advances in Nuclear Science and
Technology, Vol. 20, pp. 127-154 (1988). Other options for the disposal of plutonium, such as transmu-
tation using accelerators and underground vitrification using nuclear explosions, were not discussed dur-
ing this session, but need to be considered. Finally, a comprehensive study should also include contribu-
tions from countries such as Japan, France, and China.

In the months since this session was held, the interest in the disposition of fissile materials has
continued to attract attention and has even intensified with the dramatic arms reductions taking place.
Countries, particularly in the former Soviet Union, arc looking at the potential economic value of
highly enriched uranium, ana a debate is forming over the question of the disposition of plutonium.
The extreme positions seem to be to treat plutonium as nuclear waste or to use it as reactor fuel. The first
position ignores the fact that little progress has been made toward an acceptable method of nuclear
waste disposal. On the other hand, using plutonium as reactor fuel is not supported by compelling eco-
nomic arguments. This means that we should analyze various storage options, including the physical
and chemical form of stored plutonium, and determine which organizations (national or international)
should have responsibility f v>r safeguarding and controlling the stored material. It is hoped that this
session and these papers will stimulate the search for innovative uses of highly enriched uranium and
plutonium, as well as the analyses of proposed disposition options.

I wish to thank Milo Nordyke for suggesting this session and supporting the work, and Elaine
Price for her invaluable assistance and persistence in editing and publishing this document.

William G. Sutcliffc
Session Chairman

Center for Technical Studies on Security, Energy, and Arms Control
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Fissile Materials from Nuclear Arms Reductions:
A Question of Disposition

Session Introduction

This session was suggested by Milo Nordyke
as a result of our discussions on the topic. It ap-
pears that the U.S. and the U.S.S.R. may move
fo smaller stockpiles as a result of arms control
agreements and unilateral action driven by bud-
getary concerns. In general, smaller stockpiles
require less fissile material (plutonium and
highly enriched uranium). The purpose of this
session is to discuss some of the issues related to
utilizing fissile material (not required for stock-
pile support) for peaceful purposes. These issues
include the problems associated with recovering,
reconfiguring, and storing the material and the
beneficial uses or disposal options.

Most common ideas on disposition include con-
verting fissile material from retired warheads to
reactor fuel or disposing of it as a form of nuclear
waste. In my view the latter is unacceptable. Not
only has the high-level nuclear-waste problem
not been solved, but the U.S. has spent a great
deal to produce this material and should recover
as much value as possible. The problem with
conversion to reactor fuel is that, unless the nu-
clear power industry is expanded, the world does
not face a shortage of reactor fuel. Also, the suit-
ability for and problems (costs and risks) of con-
version to civilian use need fo be analyzed. The
costs, benefits, and risks of other options, such as
long term national or international storage should
also be considered. Finally, I would like to chal-
lenge the speakers and the audience to think
about innovative uses tor plutonium and highly
enriched uranium, including, but not limited to,
advanced (safer, smaller) reactors.

There are some changes in the program. The
paper by C. H. Bloomster, M. H. Killinger, and

P. L. Hendrickson from Battelle, Pacific North-
west Laboratory was withdrawn. We added a
paper on molten salt reactors by Uri Gat and
J. R. Engel from Oak Ridge National Laboratory.
Spartak Belyaev from the Kurchatov Institute
in the Soviet Union was unable to attend, but
Alexander Sanin from the Soviet Academy of
Sciences will present a paper on dismantling
warheads. Finally, because of Warren Donnelly's
illness, his coauthor, Zachery Davis will present
their paper.

The order of the papers is as follows. Chuck
Hebel describes the overall situation, discussing
the amounts and types of materials likely to be
available as a result ot arms control agreements
beyond the Strategic Arms Reduction Treaty
(START). Uri Gat discusses the use of molten salt
reactors to burn the fissile materials. John Taylor
then focuses on the economic and proliferation
issues. David Albright describes possible actions
to deal with inventories of specific materials in
various forms. Alexander Sanin explores
warhead dismantlement and a Soviet
perspective on dealing with fissile material.
Finally, Zachery Davis relates both his and
Warren Donnelly's thoughts on the options and
how Congress might deal with the issues.

The papers are published by the Lawrence
Livermore National Laboratory, Center for
Technical Studies on Security, Energy, and Arms
Coitrol. I believe that the question of disposition
is going to be an increasingly important question,
and that these papers will make significant
contributions to our understanding and resolution
of these issues.

Center for Technical Studies on Security, Energy, and Arms Control
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The Opportunity to Limit and Reduce
Inventories of Fissionable Weapon Materials

Abstract

As the United States and the Soviet government agree on major reductions
in nuclear weapon delivery systems, they need to address the disposal of the nuclear
warheads and bombs for those systems. Such measures could be strongly reinforced
if the two nations also institute restraints and reductions in the total amount of fis-
sionable materials available for weapons. Many metric tonnes of such materials
would be made surplus by the reductions in strategic nuclear weapons due to the
Strategic Arms Reduction Treaty (STAKT-I). Equally large reductions in short-range
(theater) nuclear weapons are expected in the wake of the recent Treaty on
Conventional Forces in Europe (CFE).1-2

Introduction

The fissionable materials from nuclear arms
reductions are the focus of this Technical Session
at the Annual Meeting of the American Associa-
tion for the Advancement of Science, Washington
DC, February 18,1991. This paper summarizes
the present opportunity and the issues in

implementing controls on fissionable weapon
materials, to lay the groundwork for other papers
in this Technical Session. The second part of this
paper summarizes the results of larger studies on
the subject by the author3 and by others.4

The Opportunity and Need for Resource Controls

Over the years many proposals have been
made to stop the production of plutonium and
highly enriched uranium (HEU) for weapons and
to transfer the materials to peaceful purposes,
e.g., to "burn" such materials in the fuel of civil-
ian power reactors. Indeed, the U.S. has not pro-
duced HEU for weapon purposes since 1964. In
1969, the U.S. made a broad proposal for a cutoff
and transfer agreement, which has not been re-
moved from the table. The Soviet government de-
nounced the proposal at that time, but in the
1980s, the Soviet position changed significantly.
In 1989 at the United Nations, the U.S.S.R. an-
nounced it would stop producing HEU and, in
steps, shut down all plutonium production for
weapons. One Soviet statement proposed prepa-
rations leading to an agreement on a cutoff, with
emphasis on verification procedures. Ironically,
the U.S. administration has turned a deaf ear to

the Soviet overtures. Thus, to date, the two
nations have nc* adopted the same position at
the same time.

In view of this history, one might well ask
what's new that makes yet another proposal
especially appropriate at this time. Since the
mid-1980s, the arms control domain seems to have
undergone considerable change—from an era of
seemingly inexorable increases in nuclear
weapons to one of major prospective reductions.
Five aspects are worthy of emphasis:
• The opportunity to buttress the cuts in deliv-
ery systems and warheads by eliminating the fis-
sionable weapon materials thereby made surplus.
• The crucial need to bolster nonproliferation,
which endured eroding incidents during the 1980s,
such as those in Pakistan, Israel, and South
Africa, with similar problems continuing into the
1990s, e.g., in Iraq.

Center for Technical Studies on Security, Energy, and Arms Control



• The Treaty on the Nonproliferation of
Nuclear Weapons (NPT) must undergo a pivotal
muitination review in 1995; how the superpowers
dispense with their fissionable weapon materi-
als impacts the credibility of their commitment
to the Treaty and the crucial decision of nations
to extend it.
• The risks and liabilities in maintaining mili-
tary nuclear facilities and perpetually protecting
the stockpiles of fissionable weapon materials
against theft or diversion; these issues are promi-
nent in the U.S. due to the shutdown of major De-
partment of Energy (DOE) production facilities
for safety and environmental reasons, and in the
U.S.S.R. in the aftermath of the Chernobyl ac-
cident and other severe environmental incidents.
• The ongoing advances in the technology for
producing fissionable weapon materials, e.g., for
enrichment, which underscore the need to
strengthen international controls that support
peaceful uses of nuclear energy.

Major Reductions in Strategic and
Theater Nuclear Weapons

The first fruit of the new climate was the
Treaty on Intermediate Nuclear Forces (INF),
which calls for destruction of a whole class of
missile systems over a three-year period. Along
with the missiles, the U.S.S.R. is withdrawing
1760 nuclear warheads and the U.S. 550,
although destruction of the warheads is not re-
quired. In addition to removing the missiles, this
Treaty includes precedent-setting provisions for
the exchange of sensitive information and for the
on-site inspection of declared production sites,
which are essential to verify such an agreement
but had been contentious issues in the past.

The agreed START-I goals constrain intercon-
tinental ballistic missiles (ICBMs), submarine-
launched ballistic missiles (SLBMs), and heavy
bombers that can carry nuclear bombs, short-range
attack missiles (SRAMs), or long-range nuclear
air-launched cruise missiles (ALCMs). In addi-
tion, START addresses long-range nuclear sea-
launched cruise missiles (SLCMs). Publicly
available estimates3'5 suggest that the U.S.
strategic stockpile has about 14,000 nuclear
warheads, of which some 12,400 were deployed
as of December 1990. The U.S.S.R. has perhaps
13,000 such warheads, of which some 11,200 are
deployed.

START-I restricts both the types and numbers
of delivery systems and the number of war-
heads/RVs. Each side could deploy a total of
6000 warheads/RVs of which up to 4900 might be
carried on ballistic missiles. At issue has been the
sublimits on mobile ICBMs and how to verify the
road-mobile types. The remaining 1100 war-
heads/reentry vehicles (RVs) count as equivalent
payload for heavy bombers under rules agreed to
only recently. Each planeload comprising only
bombs and short-range attack missiles counts as
"1 RV" against the 1100 subtotal, regardless of
the total load of such weapons. The counting rules
for bombers carrying ALCMs treat the two sides
somewhat differently: the first 150 U.S. bombers
may carry up to 20 ALCMs each (the nominal full
load for a B-52) of which 10 are counted; the first
210 Soviet bombers may carry up to 12 ALCMs
each (the nominal full load for a Bear or
Blackjack-C) of which 8 are counted.

On SLCMs, the two sides began far apart. The
U.S. had been planning to deploy 2600 conven-
tionally armed SLCMs plus 758 of the nuclear
armed version, whereas the Soviets proposed a
limit of 1000 with no more than 400 nuclear. In
1990, the two parties agreed to a limit of 880 nu-
clear SLCMs. However, it is not clear that the
U.S. will maintain its initial deployment of nu-
clear SLCMs; this paper assumes warheads equal
to the initial build of about 400.

Table 1 summarizes the prospective reduc-
tions for U.S. strategic warheads. Reduction (A)
follows directly from the agreed START limits
for ballistic missiles. Reduction (B) is typical of
the result if the presently agreed counting rules
for ALCMs remain final. Clearly, the changed
defense picture and new budget outlook will re-
strict the actual future deployment of aircraft
and missiles, beyond the START-I limits. In any
event, the START-1 reductions, about 4000 war-
heads, are appreciable, involving 23% of the
U.S. strategic warheads or about 14% of the total
U.S. nuclear weapon stockpile.
Table 2 summarizes prospective reductions for
Soviet strategic warheads. Reduction (A) follows
directly from the agreed START-I limits for bal-
listic missiles. A range of possible SS-24 and
SLBM deployments is shown after START, ex-
trapolating from the present pattern of Soviet
missile deployment. For heavy bombers, a force
size assumption must be made. Table n displays
the results of a model for a Soviet bomber force of

Center for Technical Studies on Security, Energy, and Arms Control



Table 1. Potential reductions in U.S. strategic weapons.3

Type Stockpile START Reduction

Projected inventory of U.S. strategic warheads
ICBM 2572a 1444 1128
SLBM 5578a 3456 2122
Subtotal 81500 4900 3250 (A)

Bombs/ALCMs 5590
SLCMs 258
Totil UfiOO'

4806
400

784 (B)
(142)

aRV warheads taken equal to the number deployed plus 5%
for spares.

Table 2. Potential reductions in Soviet strategic weapons.3

Type Stockpile START Reduction

Projected inventory of Soviet strategic warheads
ICBM 6860 3300-3600 3560-3260
SLBM 3602 1600-1300 2002-2302
Subtotal 10,462 4900 5562 (A)

Bombs/ALCMs
SLCMs
Total

1100
20

ll,582a

2436
400

Net

(1336) (C)b

(380) (C)
3846

aSpares and retired warheads raise the total to perhaps 13,000.
bModeI C after START assumes 200 heavy bombers.

200, somewhat greater than at present. Like the
U.S. case, the prospective reduction is large,
about 30% of the Soviet strategic warheads or
about 13% of tf\?ir offensive nuclear weapons.

For the European theater, the recent CFE
Treaty resolves the issues of most concern to
North Atlantic Treaty Organization (NATO)
forces for decades and which, ostensibly, were
the reason for maintaining the large numbers of
theater nuclear weapons deployed in Europe. The
Warsaw Pact acceded to deep, unbalanced cuts in
tanks, artillery, and armored forces to achieve
equal, reduced numbers on both sides, with
precedent-setting procedures for verification.
However, the rapid pace of change in Eastern
Europe, especially the reunification of Germany

and the disintegration of the Warsaw Pact force
structure, has overtaken the formal CFE process.
Events are producing larger cuts than those
formally agreed.

The U.S.S.R. advocated elimination of short-
range nuclear forces (SNF) in Europe. NATO in-
sisted that agreement first be reached on conven-
tional forces. Negotiations on SNF are slated to
begin in the Fall 1991. The potential for reduc-
tions is huge. Tables 3 and 4 display summaries
drawn from Ref. 3. For Europe, the theater nu-
clear weapons that are deployed, reserve, and re-
tired (short-range missiles, bombs, and artillery
shells) total about 5380 in the U.S. inventory on a
post-INF basis. The Soviets acknowledge that
some 10,000 such weapons are in their inventory.

Center for Technical Studies on Security, Energy, and Arms Control



Moreover, both naval forces command a large
number of theater nuclear weapons, notwith-
standing the 1989 U.S. Navy announcement to re-
tire three nuclear surface-to-air missiles (SAM)
and antisubmarine warfare (ASW) systems that
are no longer regarded as essential to the Navy's
mission.

For U.S. theater nuclear weapons, the NATO
deployment of a LANCE upgrade has become a
dead issue; moreover, deployment of nuclear ar-
tillery shells has become worse than useless. In
contrast, the advanced tactical air-to-surface
missile (TASM) for F-15/F-16 and later tactical
aircraft are still candidates, as of the date of
this session, for production and deployment.
TASM could serve as a tactical nuclear deterrent,
assuming one is still needed in the new European
situation, even <n a distant basing mode and could
replace large numbers of nuclear bombs. Also, the

need for greater efficiency in using tritium in
warheads will accelerate the phase-out of
weapons of marginal military value and "tritium
hogs" in the inventory, especially "dial-a-yield"
weapons.

The prospective reductions in U.S. theater nu-
clear warheads, summarized in Table 3, can be
divided into three groups. Column II lists only
the warheads already retired or earmarked for
retirement in the near term. Column 111 includes
the warheads in reserve for Europe. Appreciable
reductions could be made from both the retired
and reserve categories. For the warheads still
deployed on a post-INF basis (Column I), a reduc-
tion presumably is linked to a future agreement.
The success in CFE prompts the near-term elimi-
nation of all deployed SNF warheads, which
could nearly double any reductions based solely on
the retired and reserve categories.

Table 3. Potential reductions in U.S. theater weapons.3

Type

Artillery
SSM-IF
SSM-LANCE
SSM-Other
SSM-Navy
ASW
ADMs
Bombs (Navy)
Bombs (AF)
Totals

Deployed

972
0

692
0
0

897
0

1000
1592
5153

Post INF Basis*
Retired

550

207
290
859
150

2056

Reserve

568

590

450b

208
1816

aOf the 9025 total, the European and naval theaters entail 5379 and 3646,
respectively.

^450 naval bombs are treated as reserve in this paper.

For the U.S.S.R., apart from the INF reduc-
tion of some 1760 warheads, the trend over sev-
eral years has been to modernize the deployed
short-range missiles with the SS-21 and continue
production of self-propelled, nuclear-capable ar-
tillery. Until such time as negotiations clarify
the Soviet position on the timing and magnitude
of possible reduction in nuclear weapons, one can
only identify prospective candidates among the

Soviet theater weapon inventory. Table 4 summa-
rizes estimates of that inventory.

The potential for reduction in Soviet theater
nuclear warheads is even larger than for the U.S.
The numerous short-range missiles and nuclear
shells certainly are candidates for elimination.
Also, Soviet naval forces could respond to the
U.S. Navy's recent action and phase out the many
nuclear ASW and SAM warheads in the Soviet
naval arsenal.

10- Center for Technical Studies on Security, Energy, and Arms Control



Table 4. The Soviet theater nuclear weapon inventory.3

EUROPEAN THEATER (Post-INF Basis)d

Type

Bombs/ASM
Missiles
Artillery8

Subtotal

Current
Warheads

3960-5009
4540-3000

-2000-2000
-10,000

SOVIET NAVAL SYSTEMS (YE89 Basis)c-d

Type

Bombs/ASMb

SLCMs (Anti-Ship)
ASW (Air-Drop)
SAM and Misc.
Subtotal

Warheads

480-1270
398-400

1400-1400
260-460

2540-3600

Retired
Warheads

1760 (INF)

1760

aNuclear shells are rather uncertain within the -10,000 total in
Europe.

kThe bombs are for the land-based Soviet Naval Aviation Forces.
cLong-range nuclear SLCMs are treated with strategic weapons
in START.

<*The ranges indicate uncertainties in estimates from different
sources.

A Critical Time for Nuclear regime6 that forms a strategic frame for enhanc-
Nonproliferation ing regional security in a broad context.

The optimism attending the Treaty soon
As the NPT came into force in 1970, it was the a b a t e d w h e n I n d i a ' w h i c h st i11 i s n o t a n N P T sig"

culmination of half a decade of active negotia- natorv> exploded a "peaceful" nuclear device in
tion to strike a viable bargain among two groups 1974- TWs nuclear test put the spotlight on the
of states. In this treaty, the nonnuclear-weapon P l a n s o( several states with expanding nuclear
states agree to refrain from acquiring nuclear programs which, like India, had refused to be-
weapons or nuclear explosive devices or the c o m e parties to the NPT, especially Argentina,
means to produce them and to put all their nu- B r a z i L l s r a e 1 ' Pakistan, and South Africa,
clear power facilities under safeguards adminis- Moreover, European suppliers had negotiated
tered by the International Atomic Energy Agency contracts to supply reprocessing and/or enrich-
(IAEA). The nuclear-weapon states agree to m e n t technology to several third-world states,
share the technology for peaceful uses of nuclear thereby heightening concern that the nonprolif-
energy with the nonnuclear-weapon states bu t not eration regime already was crumbling,
to assist them in acquiring nuclear weapons. I n 1974-80, the U.S. led an international ef-
Further, the nuclear powers agree " . . . to pursue fort to av^ »™>ves to acquire sensitive nuclear
negotiations in good faith . . . " to end the nuclear f u ^ cycle facilities, commercialize thermal recy-
arms race. Indeed, the NPT and the IAfiA are the c l e < a n d dep'°y breeder reactors. The NPT became
heart of the international nonproliferation a bulwark as over 130 states became signatories

and entered into IAEA safeguards agreements.

Center for Technical Studies on Security, Energy, and Arms Control 11



Even China, long a critic of the NPT, eventually
shifted its position; China has joined the IAEA
and supports NPT objectives. Especially signifi-
cant was the impact of the Treaty on the course of
the nuclear programs in West Germany and Japan,
giving assurances that these two parties, which
are fully capable of becoming nuclear-weapon
states, will refrain frcun doing so. Cy 1980, the si-
tuation seemed to have restabilized. During the
1980s, however, sporadic episodes brought to
light the growing potential for nuclear weapons
capability in several states with nuclear facili-
ties that are not under IAEA safeguards.
Especially serious were the developments in
South Asia and the Middle East.

Spurred by India's test explosion, Pakistan
acquired the technology for an enrichment facil-
ity at Kahuta. The facility officially is dedi-
cated to low enriched uranium production for
Pakistan's civilian program but reportedly is ca-
pable of 25 to 75 kg of HEU per year. At that rate,
the output through 1989 would be 150 to 200 kg of
HEU or enough for 6 to 10 nuclear weapons.
Pakistan reiterates its commitment not to develop
nuclear weapons, but it refused in October 1990 to
permit inspection by its U.S. ally and benefactor.
Still, the official policy is that in spite of its
reservations about the NPT, Pakistan would be
willing to accede to it simultaneously with India.

India has maintained its program's pace
with no sign of accepting the NPT and full-scope
safeguards. Estimates of Pu separated by the end
of 1988 are placed at 200 to 250 kg, which is
enough fissionable material for 40 to 50 nuclear
weapons. At this rate, India's fissionable mate-
rial stockpile by 1992 will rival that of China.
The government's official statements deny that
nuclear weapons are being produced, whereas
unofficial statements tout a weapons capability
and the ability to deliver them with aircraft and
missiles. Indeed, the recent clash with Pakistan,
spurred by separatist feeling in Kashmir, raised
fears of a conflict that might even involve nu-
ciear weapons. Recently, however, the two states
have agreed not to threaten each other's nuclear
facilities in the event of a crisis, as a confidence
building measure.

In the mid-1980s, a notorious scandal strongly
indicated that Israel had attained nuclear
weapon capability. In the 1970s and early 1980s a
growing nuclear weapons capability was widely
rumored. However, the Israeli program retained
a degree of ambiguity that intimidated its rivals
while avoiding a confrontation with Western

supplier nations. But in 1986, Mordechai Vanunu,
a former nuclear technician at Dimona, provided
the London Sunday Times with a group of
revealing photographs and a wealth of detail.
The expose confirmed the existence of a repro-
cessing plant, and indicated that enough mate-
rial for some 100 to 200 nuclear warheads was in
Israeli possession. The pictures also signaled a
capability for sophisticated nuclear weapon
design.

Israel's program spurred Iraq's nuclear ambi-
tions. Iraq became an NPT signatory in the 1970s
and began a low-key nuclear program centered
around the Osiraq reactor ordered from France in
1976. Included in the deal was an initial fuel
charge of 12.5-kg HEU, which has been under
IAEA safeguards near Baghdad. Iraq also ac-
quired "hot cells" from Italy, in which reprocess-
ing could provide plutonium. This growing capa-
bility alarmed Israel, which staged an air strike
in 1981, destroying the Osiraq reactor shortly be-
fore startup was to begin. In the early 1980s, Iraq
entered into a nuclear cooperation agreement
with Brazil, reportedly to obtain ultracentrifuge
technology for enrichment. Iraq's continued at-
tempts to acquire nuclear weapon components from
European suppliers led to headline-making inci-
dents in 1985 and 1989.

Thus, during the 1980s, key nonproliferation
objectives of the NPT parties slipped to second-
class status in the face of traditional rivalries
and regional conflicts. Previous political and eco-
nomic barriers to nuclear weapons seemed to re-
lax. The period of the 1980s stands in contrast to
1974-80 when nuclear nonproliferation exerted a
strong coherent influence on U.S. policy—not
merely as a doctrinaire policy of denial but
rather as a key part of the strategic framework
for addressing regional security issues.

However, the August 1990 invasion of Kuwait
focussed public attention on the dangerous poten-
tial of Iraq's nuclear effort. Many experts believe
that Iraq was at least several years from attain-
ing nuclear weapon capability, but U.S. air
strikes in the Persian Gulf War and vigorous post-
war IAEA inspection under a United Nations
Security Council mandate should eliminate any
capability to produce weapons-grade fissionable
material in quantity. More broadly, the Persian
Gulf crisis has sensitized the major powers to the
need to stanch the spread of advanced weapons.
Nuclear nonproliferation is back on the front
benches. Indeed, the U.S. administration has
stiffened its policies. For example, in October
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1990, it refused to certify to the Congress that
Pakistan does not pcssess nuclear weapons, jeop-
ardizing grants of aid under U.S. law. As another
hopeful turn of events, two NPT holdouts,
Argentina and Brazil, are taking steps toward nu-
clear cooperation and an end to their nuclear ri-
valry. In addition, France and China have indi-
cated their intent to join the NPT.

During much of the critical period, the U.S.
and U.S.S.R. were in a somewhat awkward posi-
tion. Like all nuclear-weapon states, the super-
powers pledge under NPT Article VI " . . . to pur-
sue negotiation in good faith on effective mea-
sures relating to cessation of the nuclear arms race
and nuclear disarmament..." The nonnuclear-
weapon states repeatedly pointed to the huge nu-
clear arsenals possessed by both superpowers as
well as the ongoing nuclear-weapons testing. For
many years, a lack of substantial progress in re-
ducing their arsenals highlighted the discrimi-
natory nature of the Treaty and was a sore point
at the first two NPT Review Conferences in 1975
and 1980.

At the Fourth NPT Review Conference in
Geneva, September 1990, the focus was again on
Article VI issues.7 The conference favorably noted
the INF agreement and looked ahead to START.
The conferees also reached consensus to strengthen
the nonproliferauon regime and safeguards.
Several nonnuclear-weapon states, however,
pressed for more binding "negative assurances"
that they would not be subject to threats with nu-
clear weapons. Moreover, a sizable group of states
lead by Mexico emphasized the commitment of
the nuclear-weapon states to work toward a
Complete Test Ban Treaty (CTBT), an obligation
that is contained in the Limited Test Ban Treaty
of 1963. The group demanded, over the objections
of the U.S. and U.K., that the conference endorse
the completion of a CTBT in the near term, rather
than merely as a long term objective. Thus, the
conference broke down on the nuclear testing issue
and ended without reaching consensus on a final
communique.

In signing the NPT, several signatories em-
phasized that their continued support for the
Treaty was contingent on the superpowers meeting
all their obligations under Article VI. The provi-
sions of Article X call for a major review in 1995
at the 25th anniversary of the NPT coming into
force, at which the signatories consider whether
and how to continue the Treaty beyond that time.
Without significant progress by the superpowers,

some signatories might use the occasion of the
1995 Review Conference to abstain from renewal
or even withdraw altogether. Enlisting the key
NPT holdouts could become impossible.

Clearly, the U.S. and U.K. must address the
test ban hiatus prior to the 1995 NPT' Review
Conference. In fact, the U.S.S.R. supports such a
treaty. They might accede to a CTBT outright or
at least initiate a process that leads steadily to
an end to nuclear weapon testing, e.g., by the end
of the decade. The nonnuclear-vveapon states,
however, would then refocus attention on the su-
perpowers' nuclear warheads and the related fis-
sionable material stockpiles. In the wake of ma-
jor nuclear arms reduction agreements, unreduced
stockpiles would impugn the credibility of the
U.S. and Soviet commitments to the NPT bargain.
Indeed, a need for greater credibility underlies
the concern that was raised at the 1990 conference
for further "negative assurances" against nuclear
blackmail, which is certain to be raised again in
1995.

To improve the climate for NPT renewal, the
superpowers could take steps to limit and reduce
their stockpiles of fissionable weapon materials
and place their civilian nuclear facilities under
safeguards similar too those for other NPT signa-
tories. Such steps would ameliorate the inher-
ently discriminatory character of the NPT and
ease the tension between the "have" and "have
not" nations. An agreement on their fissionable
weapon materials would strengthen the position
of the two states to bolster nonproliferation at a
critical time, especially to improve and broaden
the acceptance of NPT-type IAEA safeguards and
to provide convincing assurances to nonnuclear-
weapon states.

Additional Considerations for Controls

There are yet other reasons for considering
controls on fissile weapons materials. Tne
Chernobyl accident sensitized the world to the
dangers of all nuclear fuel cycles. Environmental
and safety concerns with regard to the military
fuel cycle have been highlighted in the hearings
held by U.S. Congressional committees. The
accident also spurred a safety examination of
military production reactors in the U.S. The
Hanford N-Reactor was shut down, and the
power of Savannah River Reactors was cut in
half. Currently, their operation is suspended for
safety and environmental reasons; the DOE
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anticipates restart of perhaps one reactor in 1991.
A committee of the National Academy of
Sciences reviewed the U.S. production complex in
1989, and DOE recently put forth its plan for
renewal. The proposed production facilities are
likely to be expensive.

Another motivation for commencing resource
controls arises from technical progress in the
means of producing fissionable weapon materials.
The most recent is laser enrichment. While still
at an early stage of development, the technology
may be useful to upgrade plutonium from fuel-
grade to weapon-grade and possibly even to pro-
duce HEU. A compact laser enrichment facility
would complicate future verification of fission-
able materials production. Control would be
easier to institute before the technology becomes
established.

Some obstacles to cutbacks in fissile weapon
materials have been removed. A potential re-
quirement was removed in 1988 when the U.S.
proclaimed that the Strategic Defense Initiative
would not involve nuclear intercepts, although
the U.S. still pursues research and development

on directed energy nuclear weapons. Steps also
have eased execution of resource controls. The
U.S.S.R. has agreed to accept IAEA inspection of
all Sovie; civilian nuclear facilities and has en-
tered into a safeguards agreement with the
IAEA. The U.S. and U.K. made broad offers in
1967 that covered all civilian facilities,
although IAEA resources have limited this ap-
plication of safeguards under the signed agree-
ments. Also, the nuclear power industry has indi-
cated a willingness to burn suitably processed fis-
sionable weapon materials in commercial nuclear
reactors.

It remains for the U.S. to follow up on the
Soviet announcements that they will shut down
five plutoniwm reactors and on their request for
negolidlH.ri-, Nominally, the 1969 U.S. proposal
for a cutoff and transfer agreement is still on the
s^ble. Expanding the arms control agenda to dis-
cuss an approach that includes systematic reduc-
tions, such as the framework of controls summa-
rized below, would be a propitious step for the
two nations.

Issues in the Implementation of Resource Controls

In the spirit of earlier proposals, a four-step
approach is appropriate to assess the verifica-
tion issues and problems of controlling fissionable
material production for weapons and reducing the
stockpiles. The controls also must address the is-
sue of tritium. While not a fissionable material,
it is used to boost the yield of nuclear weapons.
Because of its radioactive decay, tritium must be
produced artificially and replenished occasion-
ally in weapons. In essence, the four steps and the
key issues they raise are as follows:

1. Initiate a verifiable cutoff of the production
of fissionable materials for weapon purposes
in the United States and Soviet Union.
• Safeguarding/monitoring production fa-

cilities to ensure cutoff. (Augmented
IAEA/multilateral versus bilateral im-
plementation).

• Provision for limited production of tri-
tium under safeguards.

• HEU production from the civilian sector
for submarine reactor fuel.

2. Place the civilian nuclear fuel cycles
(facilities and materials) in the two nations
under full-scope safeguards.
• Use IAEA-type safeguards technology

and procedures where feasible.
(IAEA/multilateral versus bilateral im-
plementation).

• Strengthen the demarcation between
military and civilian cycles.

3. Transfer verified quantities of fissionable
material systematically from the military to
the safeguarded civilian nuclear supply
chains.
• Agreed amounts of HEU and Pu for sched-

uled transfer by each nation.
• Agreed procedures for transferring and as-

saying under safeguards.
4. Reformulate and burn the transferred

weapon-grade materials in safeguarded
reactors using the once-through fuel cycle.
• HEU diluted to low enrichment for reac-

tor fuel.
• Pu diluted in mixed-oxide fuel versus di-

rect disposal in waste.
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• Burn the materials in designated reactors
in the U.S. and U.S.S.R.

• No reprocessing of spent reactor fuel for
the indefinite future.

The U.S. and U.S.S.R could enter into a bilat-
eral agreement to implement the steps, or they
could draw on the internationally credible and
acceptable infrastructure for controlling and safe-
guarding nuclear material. The latter approach
could use the safeguards proceduies, technology,
and perhaps the key institution, the IAEA, em-
ployed for nonnuclear-weapon states under the
NPT. The parties should compare the verifica-
tion issues under a strictly bilateral implementa-
tion to those undor an "augmented IAEA/
multilateral" implementation.

The author recently completed an evaluation
of the verification issues and problems of the
four-step approach.2 The evaluation concludes,
overall, that the time is ripe for the U.S. and
U.S.S.R. to prepare for the negotiation of controls
on their fissionable weapon materials. To build
confidence, the preparations could include (1) dis-
cussion of verification procedures and (2) an ex-
change of information on past production with
adequate public disclosure of such information.
The more specific conclusions are summarized as
follows.

Feasibility of a Production Cutoff
and Stockpile Reduction

The above four-step approach could frame a
feasible, verifiable control regime to cut off the
production and reduce the stockpiles of fission-
able weapon materials, provided several key is-
sues are addressed. Also, the approach could be
extended to include other nuclear-weapon states.
In particular:

The four-step approach would require conven-
tional IAEA-type safeguards augmented by a bi-
loteral arrangements addressing the issues of
covert materials production and the monitoring of
fissionable material transfers.

That is, the bilateral arrangement would:
• Verify that neither party is engaged in sig-
nificant covert production of fissionable weapon
materials, e.g., providing for limited on-site in-
spection to resolve uncertainty.
• Monitor the delivery of fissile weapon mate-
rials on an agreed schedule for transfer to the

safeguarded civilian supply chain and, if de-
sired, monitor the process of nuclear weapon de-
struction

The above framework is consistent with the
1969 U.S. cutoff and transfer proposal and with
the type of IAEA safeguard agreements now in
force under the NPT for civilian nuclear facili-
ties. The verification provisions would draw on
some of those of the INF Treaty—notably, for the
exchange of sensitive information, perimeter-
portal monitoring, and on-site inspection of
declared production sites—and on the type of
suspect site inspections negotiated for START.

IAEA-type safeguards at civilian and de-
clared production facilities could be implemented
on an IAEA/multilateral basis or on a strictly
bilateral basis. Either basis has some advantages
and disadvantages. Alternatively, a hybrid
implementation could gain most of the
advantages of an IAEA/multinational approach
while avoiding the main disadvantages of a
strictly bilateral basis.

The bilateral implementation is simpler and
could readily meet national security r̂ <*ds but
would only minimally reinforce nonproliferation.
Yet, an IAEA/multilateral basis could be work-
able, albeit more complex when augmented with
procedures to deal with covert materials produc-
tion and the monitoring of fissionable material
transfers. Such a multilateral basis could strongly
support nonproliferation and could be extendable
to other nuclear-weapon states.

In a hybrid structure, on the other hand, the
sensitive and manpower-intensive monitoring
could be carried out bilaterally, perhaps modeled
after that of the European Atomic Energy Agency,
EURATOM. Auditing the bilateral process and
making occasional spot inspections could be done
by the IAEA, which has played such a role vii-
a-vis EURATOM for many years. Moreover, such
a hybrid implementation could be structured as
the initial step toward an eventual IAEA/
multilateral management.

Public information is lacking for a definitive
assessmen t of the size of the superpowers' stock-
piles of fissionable weapon materials. Thus, an
exchange of information on production, with ade-
quate disclosure to the public to assist debate and
build confidence, is a key step toward an agree-
ment on controls.
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The precision with which each party knows
the residual stockpile of the other will clearly
limit an agreement on reductions. Public informa-
tion on past U.S. production is available in con-
gressional testimony and government publica-
tions. Far less public information is available on
Soviet production.

The estimated 23,000 U.S. nuclear warheads,
based on public information about deployed, re-
serve, and retired weapons, entail about 110 to
120 metric tonnes of plutonium and perhaps 400 to
475 metric metric tonnes of HEU. The stockpile
contains additional fuel-grade plutonium and
some HEU in storage for naval reactor fuel and
other purposes. The precision of the published
stockpile estimates fo; the U.S. is hard to pin
down, but the uncertainty is probably 20% or less.

The meager public information for the Soviet
Union suggests about 30,000 to 33,000 nuclear war-
heads, although some analyses imply larger
numbers. The uncertainty is several thousand
warheads. The estimates of the corresponding
stockpile of fissionable materials range from 95 to
over 150 metric tonnes of weapons-grade pluto-
nium and 450 to 650 metric tonnes of HEU. The
uncertainty based on public information is at least
30%, perhaps as much as 50%.

A production cutoff with reduction of fission-
able materials by 25 to 40% could be feasible even
with the current uncertainty in residual stock-
piles. Future reduction of fissionable materials by
>50% may not be feasible unless the current uncer-
tainty in residual stockpiles is reduced consider-
ably.

The process could begin with the cutoff, phas-
ing in the reduction shortly thereafter, and could
be consistent with the likely requirements of force
modernization. The remaining stockpiles would
still be much greater than those needed for a rea-
sonable deterrent. The study of methods for reduc-
ing the limiting uncertainty in the residual
stockpiles, f.uch as evaluating the accuracy and
limitations of techniques to verify production in-
formation that may be exchanged by the parties,
is an important area for further work.

Burning the fissionable weapon materials in
power reactors and permanent isolation of the
spent fuel is the disposal option with the least
risk to the environment and *he public. As
anothei' option, the storage of weapon-grade

plutonium would be necessary in the short term
but would be only a temporary expedient requir-
ing continual protection against theft or diver-
sion.

The dilution of HEU with ordinary or de-
pleted uranium yields material, which is indis-
tinguishable from that already used for reactor
fuel. Plutonium in a mixed-oxide form is readily
usable as reactor fuel. Naval, research, and
experimental breeder reactors could draw on
existing stocks. The civilian sector could provide
adequate future HEU supplies for naval reactors

The once-through fuel cycle would be used
with the spent fuel isolated in deep geologic
repositories, which is the current U.S. plan for
commercial reactor fuel. The alternative of dilut-
ing weapons-grade plutonium and encapsulating
it with existing high-level defense waste seems
less acceptable on environmental grounds and may
entail higher occupational radiation exposure.
Overall, packaged spent fuel is perhaps the least
onerous form for geologic disposal and isolation in
the environment.

The U.S. tritium inventory for weapons is
likely to be sufficient for at least a few years if
steps are taken to conserve supplies and reuse the
tritium from weapons removed from inventory.
Prudence suggests that the DOE lay the ground-
work with all deliberate speed for a new source of
tritium.

The four-step approach is compatible with
limited tritium production under safeguards to
maintain the remaining nuclear weapons inven-
tory and to hedge against a breakdown in the
arms reduction process. The reductions presently
contemplated in START-J are about 15% of the to-
tal U.S. inventory. Adding reductions in theater
nuclear weapons could easily triple that percent-
age. Both reductions would result in a significant
amount of tritium for reuse.

The DOE plans to restart one or two existing
reactors at Savannah River, GA, on reduced
power in 1991 for limited iritium production. New
production alternatives have lead times of per-
haps a decade, and the DOE has made a design
decision. The proper steps at this time are to cre-
ate the source and site designs and to complete
the groundwork required tor the National
Environmental Protection Act (NEPA) and for li-
censing. During this process, arms-control negotia-
tions may clarify the actual requirements.
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Implications for Arms Control
and Nonproliferation

The four-step approach would support arms
control objectives by Icndivig greater stability to
reductions in nuclear weapon systems. Equally
important is the support for safeguards and non-
proliferation objectives. In particular:

A production cutoff per se would have limited
value as a stand-alone arms control or nonprolif-
eration measure. For arms control objectives, a
production cutoff plus systematic reductions in fis-
sionable weapon materials could strongly buttress
major reductions in weapon delivery systems.

A cutoff of HEU and plutonium production by
itself would have but a small effect on weapons,
given the existing enormous stockpiles of weapon-
grade fissionable materials. A tritium cutoff
would, in time, impact the viability of boosted
weapon primaries and reduce yields overall. A
shortage of tritium could be offset in part by
weapon redesign, which undoubtedly would
require a major test program. Even decades after
both cutoffs, either party could still produce more
than 10,000 warheads with yields of several tens
of kilotons.

For years, many nations have criticized the
superpowers for not fulfilling their commitments
as NPT signatories. Thus, a production cutoff in
itself would have some beneficial effect for non-
proliferation but would redirect criticism at
the stockpiles of nuclear weapons and their
materials.

A cutoff plus reduction could decrease the pos-
sibility of a bypass of START by new delivery
systems or of a breakout by adding warheads to
treaty-limited systems, for example START sys-
tems limited by "builddown." Also, it could re-
duce the potential to divert the nuclear materials
to weapon systems not constrained by agreements,
for example, to convert conventional SLCMs to a
nuclear version or to undertake the deployment of
a large-scale, nuclear-armed Anti-Ballistic
Missile (ABM) system. If the reduction in fission-
able weapon materials were in tandem with the
schedule for the destruction of weapon delivery
systems and their warheads, such a decrease in
fissionable materials would limit the possibili-
ties for deviation from agreed nuclear arms reduc-
tions.

For nonproliferation generally, a production
cutoff plus systematic reductions in fissionable
weapon materials could undergird vital safe-
guards objectives and reinforce the nonprolifera-
tion regime at a critical time. For the NPT specif-
ically, a production cutoff plus systematic reduc-
tions in fissionable weapon materials would en-
hance the prospects for a favorable review and
extension at the pivotal 1995 NPT Review
Conference. Conversely, failure to reduce fission-
able weapon material stockpiles in the wake of
major nuclear arms agreements would impugn the
credibility of the superpowers' commitment to
their NPT obligation and the basic NPT bargain.

Adoption by the superpowers of controls to
limit and reduce their stockpiles of fissionable
weapon materials would increase the demarca-
tion between the military and civilian fuel cy-
cles. Such controls would extend to the superpow-
ers safeguards like those applied to nonnuclear-
weapon states under the NPT. This would ease
one of the most aggravating differences between
"have" and "have not" nations and could foster a
better climate for inducing the NPT holdouts to
become signatories and accept full-scope IAEA
safeguards. The reduction would also limit the
stockpiles of bulk fissionable weapon materials
that mast be protected.

Implementing full-scope safeguards in the
U.S. and U.S.S.R. would require an expansion of
the overall safeguards activity beyond the cur-
rent IAEA effort. This could be an expansion-in-
kind of the present IAEA practice that is consis-
tent with the existing safeguards agreements be-
tween the IAEA and the two nations. Such an ex-
pansion could undergird international safeguards
without compromising the IAEA safeguards ap-
plications in other states. The strengthening of
international safeguards received broad support
at the 1990 NPT Review Conference. The super-
powers could give momentum to improvements in
the system by adopting its key features for their
control regime.

Pressure to economize on fissionable weapon
materials, brought on by a concerted reduction in
the stockpiles, would have several ancillary ef-
fects, such as (1) increasing the efficiency of the
military fuel cycle, e.g., use of scrap; (2) acceler-
ating the withdrawal of tactical nuclear
weapons, especially those that lack a compelling
mission or are wasteful of fissionable material;
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and (3) making MIRVs and multiple small land-based and sea-based ballistic missiles that
warheads relatively .'^ss attractive, which is the logical outcome of further START
would reinforce the trend toward single warhead reductions.
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nuclear proliferation in a forceful way. Second, the breakup of the present Soviet Union, set in
motion the abortive putsch in August 1991, heightened urgency for major reductions in nuclear
weapons. On September 27, President Bush announced an unprecedented unilateral withdrawal of
many types of land- and sea-based ta^iical nuclear weapons. Soon thereafter, on October 5, Soviet
President Gorbachev announced corresponding withdrawals, and he proposed discussion of further
major steps. Thus, the opportunity for reductions in fissionable nuclear materials is an even more
timely subject than when this paper was originally presented.
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materials to military purposes and to discourage dedicated weapons programs. See Ref. 3 for discus-
sion and an extensive list of references on history and policies.
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The Molten Salt Reactor Option
for Beneficial Use of Fissile Material

from Dismantled Weapons

Abstract

The Molten Salt Reactor (MSR) option for burning fissile fuel from dismantled
weapons is examined and is found very suitable for the beneficial use of this fuel.
MSRs can utilize any fissile fuel in continuous operation with no special modifica-
tions, as demonstrated in the Molten Salt Reactor Experiment. Thus, MSRs are flex-
ible while maintaining their economy. Furthermore, MSRs require only a mini-
mum of special fuel preparation. They can tolerate denaturing and dilution of their
fuel. The size of fuel shipments can be determined to optimize safety and security—
all of which supports nonproliferation and resists diversion. In addition, MSRs
have inherent safety features that make them acceptable and attractive. They can
burn fissile material completely or can convert it to other fuels. MSRs also have the
potential for burning the actinides and delivering the waste in an optimal form,
thus contributing to the solution of one of the major remaining problems in the de-
ployment cf nuclear power.

Introduction

There are expectations that fissile material
from nuclear arms reduction will become avail-
able and will require disposition.1 Proposals for
this disposition vary widely from disposing of it
as waste (with all the associated issues of moni-
toring, safeguards, and verification, and the need
to control it for long time periods) to its utiliza-
tion as a nuclear fuel for beneficial energy produc-
tion. The concerns are to retain control of the fis-
sile material over its lifetime, to avoid any recy-
cle into weapons, and to maximize the economic
benefits and minimize any risks. The use of the
dismantled fissile material in light water reac-
tors is discussed elsewhere.2

The emphasis here is on the use of this fissile
material from dismantled weapons as a fuel for
the beneficial generation of power in molten salt
nuclear reactors (MSRs). Specifically, we discuss
the potential advantages of MSRs as versatile,
flexible fuel utilizers. Some safety features of
MSRs—proliferation inhibiting properties and
possibilities for advantageous handling of
waste—are pointed out. MSRs utilize the fuel in
the form of fluid fissile material. Fluid fuel

reactors have some unique possibilities associ-
ated with their ability to circulate the fuel.3

The molten salt programs of the U.S. Depart-
ment of Energy (DOE) and its predecessor agencies
had their manifestation in two very successful
reactor experiments. The Aircraft Reactor
Experiment (ARE)4 and the Molten Salt Reactor
Experiment (MSRE).5 Both of these reactors were
designed, built, and operated by the Oak Ridge
National Laboratory (ORNL). ORNL also con-
ducted many extensive studies of various molten
salt reactor concepts. The ARE was a product of
the Aircraft Nuclear Propulsion Program,6 and it
was operated successfully in 1954. That program
was subsequently discontinued, but a civilian-
oriented Molten Salt Reactor Program (MSRP)5

that began in 1956 continued developing this gen-
era i technology. The primary goal of the early
MSRP and the goal during most of this program
was to develop molten salt breeder reactors7

(MSBR) using the Th-233!; fuel cycle that could
compete with other concepts using the ^U-Pu
fuel cycle. Consequently, the effort was focused
on a system with integral, on-line chemical
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processing. The MSBR effort was discontinued in
1972, resumed as a technology-development pro-
gram in 1974, and finally closed out in 1976. A
small design study was undertaken in 1978 as part
of DOE's Nonproliferating Alternative Systems
Assessment Program (NASAP).8 This study ex-
amined additional MSR concepts that might
offer greater resistance to nuclear proliferation
than light-water reactors operating on a once-
through fuel cycle. This study led, ultimately, to
two similar conceptual MSRs—one, a break-even
breeder8-9 using a complex, on-line fuel processing
plant and the other a simplified converter10 with
a once-through 30-year fuel cycle.

Molten salt reactor studies have been under-
taken in many places. One of the larger programs
was conducted in Germany with the Molten Salt
Epithermal-MOSEL reactor.11-12 The MOSEL

reactor forgoes the graphite in the core, which is
used as a moderator in other MSR concepts, to
achieve an epithermal spectrum that enhances
breeding in the thorium cycle. More recently some
concepts in Japan 13 and at ORNL14 addressed
simplicity of design and enhanced safety as the'r

primary goals.
This paper is based on the earlier studies and

previous work. No specific calculations have
been performed to confirm the potential capabili-
ties of the molten salt reactors suggested here.
Many of the ideas proposed are conceptual.
Several or the past concepts have been combined
into new concepts. Not all of the possible result-
ing interactions have been explored. Thus, fur-
ther studies are necessary to fully understand all
of the implications of the ideas suggested herein.

Fuels for Molten Salt Reactors

Molten salt reactors are usually geared to-
ward the thorium-uranium-233 fuel cycle. They
were developed initially when breeder reactor
designs were being emphasized. The MSRs were
conceived as near thermal reactors with a gra-
phite moderator. The preferred salts were
fluorides, including beryllium and lithium fluo-
rides, because of their desired nuclear and ther-
modynamic properties. Both the beryllium and
the fluorine cause significant neutron moderation.
To achieve breeding with the soft neutron spec-
trum, it is necessary to select the thorium cycle.15

To enhance breeding, the MOSEL concept removed
the graphite moderator of the thermal design in
order to harden the spectrum and reach into the
peak region of the uranium-233 neutron yield in
the epithermal spectrum.11

The MSRE was operated initially with 235U
as the fissile fuel at about 35% enrichment. That
operation spanned 34 months (beginning in 1965)
and included a sustained run of 188 days (partly
at low power to accommodate the experimental
program). All aspects of operation, including the
addition of fissile fuel with the reactor operating
at power, were demonstrated. Subsequently, the
mixture of 235U and 238U was removed from the
salts by fluorination on-site, and 233U was added
to the fuel salt for the next phase of the opera-
tion. Plutonium produced during the 235U^38U
operation remained in the salt during the 233U
operation. Several fissile additions consisting of

PUF3 were made15 for fuel makeup to demonstrate
that capability. The plutonium additions were
made by adding capsules of the PUF3 in the solid
form to the reactor salt and by allowing the
plutonium salt to dissolve. Thus, plutonium from
two sources was burned in the MSRE: the added
plutonium and the plutonium that was bred from
the uranium-238 in the initial operations. There-
fore, the same reactor, without changes in design,
operated successfully on all of the major fissile
fuels: uranium-235 and -233, and plutonium mixed
with uranium; this property provides the ulti-
mate flexibility in the utilization of fissile fuel.

Conversion to either plutonium or uranium-
233 is possible by mixing the fuel with adequate
proportions of fertile material. Calculations
have indicated promising conversion ratios (near
0.9) for a variety of conditions, and values above
1.0 may be achievable under carefully controlled
conditions with on-line processing to remove
fission-product poisons. With an appropriate
fuel cycle, one fissile material rcn be burned off
almost completely or bumed and "converted" into
another. As an example, plutonium could be
burned to produce uranium-233. Such a conversion
would transform a fuel, plutonium, particularly
suitable for weapons, into a fuel, uranium-233,
that may be less suitable for weapons but more
neutron productive in non-fast spectra. Further-
more, while plutonium could be separated from
the salt (or other additives) by chemical means,
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uranium would contain substantial amounts of
uranium-232, which is considered a strong deter-
rent to proliferation. The very strong radioac-
tivity emanating from the uranium-232 decay
products makes any direct handling prohibitive
only a short time after chemical purification.

The choice of fissile material in MSR fuel
salt does not seriously affect the salt properties.
Hence, a given reactor plant would be capable of
using fissile materials in arbitrary combinations
for high-temperature, high-efficiency power
operation.

The fuel supply from the dismantled nuclear
devices could be augmented at any time or could

be totally displaced by fuel from other sources.
By adjusting other components of the fuel, the
conversion ratio could be controlled within rather
wide limits. This further assures uninterrupted
operation of molten salt reactors for support of
the overall energy economy. The fact that no sub-
stantial design changes are required to accommo-
date fissile supply changes acts as a damper on
the propagation of interruptions and on changes
in schedule or plans. This flexibility reduces any
costs that might result from changes and
interruptions.

Dismantled Weapons Fuel

Fissile fuel from dismantled weapons is ei-
ther highly enriched uranium (HEU) or pluto-
nium. Although only rough guesstimates are
available, it is assumed that quantities becoming
available in the foreseeable future are sufficient
to fuel one to a few reactor lifetimes.' It is fur-
ther reasonable to assume that the fuel will be-
come available on a continuous, rather than
batch, basis. It is desirable to degrade the fuel to
non-weapon grade immediately by such means as
denaturing, diluting, or spiking. This will reduce
the concern about diversion, the need for control
and accounting, and the extent of security provi-
sions. To reduce cost, the fuel must be degraded
only one time, preferably at the location of and
immediately upon dismantling. There should be
no need to reverse any of these steps later, as for
example in the manufacture of fuel elements. As
discussed above, the MSRs are particularly well-
suited to accommodate these needs.

For ordinary reactors, the quantity and sup-
ply rate of fuel from dismantled weapons poses a

dilemma. If minimum numbers of reactors are
dedicated to using this fuel, then the fuel must be
accumulated, protected, stored, and monitored for
very long periods of time. If large numbers of re-
actors are utilized, then the probability of opera-
tion disruptions becomes very high. Furthermore,
relatively large facilities and large numbers of
reactors need to be modified to accommodate a
short spurt of fuel supply. Such an effort can be
expensive and would require much detailed ad-
vanced planning and an intense commitment to a
detailed schedule. MSRs, as discussed above, re-
quire no design changes and can readily switch
between fuels on an ad hoc basis.

Also, solid fuel reactors with no reprocessing
and no fuel recycling leave a large percentage of
the original fissile material in the spent fuel.
This constitutes an indefinite commitment to
guarding and storing the spent fuel. Eventually it
adds a burden to the solution for the disposal of
the waste.

Fluid Fuel Reactors

The MSRs are fluid fuel reactors and, as such,
they differ from all the present, common, solid-
fuel reactors. Fluid fuel can be transferred re-
motely by pumping it through pipes connecting
the storage or reaction vessels (e.g., a reactor
core). The relatively simple remote handling al-
lows even the fresh fuel to be highly radioactive,
which provides a strong diversion inhibitor.
Also, highly radioactive fuel can be detected

easily. If the temperature of the fuel is allowed
to drop, the fuel solidifies and again is difficult
to manipulate, providing additional diversion
protection.

The fluid fissile fuel at operating reactor con-
centrations provides inherent protection against
criticality accidents during handling. In thermal
designs, the graphite moderator is required for
criticality so that criticality can occur only in the
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core. For other concepts, the design would have to
exclude vessels that are not criticality-safe for
credible fuel mixtures.

Fuel prepared for an MSR can be conveniently
shipped as a cold solid and remelted just before it
is added to the reactor system. For small addi-
tions, the reactor can be designed to accept the
fuel in the frozen state, as in the MSRE. With a
fluid fuel, the entire fuel element fabrication pro-
cess is avoided. This saves a significant part of
the head-end effort and cost. The absence of a
solid fuel manufacturing phase provides enormous
flexibility. The fuel can be blended into the reac-
tor exactly as needed at any time. The amount of
fuel added depends on the type of fuel, its
isotopic makeup, and concentration. There is no
need for exact long-range planning that might be
upset by variations on either the supply or the
demand side. There is no need for long lead times
and interim storage. These advantages are

particularly important for fuel derived from
weapons. The rate and exact kind of fuel that be-
comes available can be accommodated by the re-
actor. The fine tuning of the composition can be
done on an ad hoc basis at the site.

One possibility for the process of converting
weapons fissile material to fluid fuel for a
reactor is to do it at a dismantling facility. At
that facility, the fissile material could be con-
verted into a salt, denatured, spiked, diluted, or
whatever else may be deemed desirable for
safety, security, economy, or practicality The
denaturing and spiking can render the fuel un-
attractive for proliferation or diversion. Being
designated for MSRs allows shipment in quan-
tities and form that are optimized for safety and
security, again inhibiting diversion but also
reducing potential public objection. Safety and
security will be maximized or at least optimized.

Molten Salt Reactors

Molten salt reactors are unique in many ways.
One of the major advantages of the fluoride based
MSRs is the potential for an integrated fuel
recovery capability. The processing is based on
the high volatility of UF6. By sparging the salt
with fluorine, uranium can be removed as VF^
which can then be converted back to UF4 and
recycled into a fresh batch of fuel salt. The resid-
ual salt, now free of uranium, can be subjected to
any of a number of processes to remove fission
products and concentrate them. The carrier salt
components (Li, Be, F) could also be isolated and
recycled if that were economically desirable. All
of these steps can be made independent of reactor
operation.

The feasibility of the various steps for on-
line processing has been calculated and individu-
ally demonstrated at ORNL.16-17 In addition,
the uranium recovery step was demonstrated in
the MSRE when the fissile material was changed
from uranium-235 to uranium-233. This process in-
volved 47 hours of fluorine sparging over a six-
day period5 to produce a uranium product pure
enough for cascade re-enrichment.

Molten salts can operate at high tempera-
tures and low pressures, and they possess favor-
able heat transfer properties. These properties
result in high thermal efficiencies for the reactor
and in an absence of the safety hazards

associated with high pressures, such as explo-
sions or depressurizations. The salts are chemi-
cally stable and nonflammable, averting fire
hazards, and there are no energetic chemical
interactions between the salts and water.

Safety of Molten Salt Reactors

MSRs can potentially achieve almost any de-
gree of safety desirable at a cost. Some extreme
degrees of safety were summarized in the pro-
posal for the Ultimate Safe Reactor (U.S.R).18

MSRs possess many inherent safety properties.
For instance, because their fuel is molten, a
"meltdown" does not imply an accident. The fuel
is critical in the molten state in some optimal
configuration. If the fuel escapes this environ-
ment or configuration because of relocation, it will
become subcritical—thus recriticality in any rea-
sonable design cannot occur.

Fluid fuel inherently has a strong negative
temperature coefficient of reactivity due to the
expansion of the fluid, which results in the re-
moval of the fuel from the core. This property is
in addition to any other spectral contribution to
the negative reactivity coefficient. At the very
extreme, the fuel would cause the failure of the
primary coolant boundary (without a serious
pressure rise) in which case the fuel would be
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returned to a critically safe configuration.
Furthermore, the ability to add fuel with the
reactor on-line strongly limits the amount of
excess nuclear reactivity that must be available
in the system.

On-line processing reduces the amount of fis-
sion products retained in the system. This reduces
both the risk of dispersal of radioactivity and
the amount of decay heat that must be contended
with during shutdown. In an earlier configura-
tion of the Molten Salt Breeder Reactor (MSBR),
the fission product inventory was planned to be a
10-day accumulation.7 A more recent proposal
(the U.S.R)18 suggests reducing the fission prod-
ucts to a level at which the entire afterheat can
be contained in the salt without reaching boiling.

In practically all MSR concepts, the fission gases
and vola tiles are removed continuously, signifi-
cantly reducing the radioactive source term.

Fluid fuel also allows shutdown of the reac-
tor by draining the core into subcritical containers
from which any decay heat can be readily re-
moved by conduction and natural convection.

Proliferation resistance and other safety at-
tributes are described elsewhere in this paper.
MSRs can be designed in an extremely safe manner
with inherently safe properties that cannot be
altered or tampered with. These safety at-
tributes make the MSRs very attractive and may
contribute to their economy by reducing the need
for elaborate safety measures.

Waste

Nuclear waste is an important issue affecting
ihe acceptability of any nuclear-related system
and nuclear reactors in particular. Although
there is no way that a reactor utilizing the fis-
sion process can eliminate the fission products,
MSRs can significantly alleviate concerns regard-
ing nuciear waste.

The on-line processing can significantly re-
duce the quantities of radioactive shipments
because there is no shipping required between the
reactor and the processing facility. Storage
requirements are also reduced because there is no
interim storage for either cooldown or prepa-
ration for shipment.

The actinides can be recycled into the fuel for
burning. Although further work is required to
fully analyze this possibility, several proposals
to burn actinides have been made. MSRs with

on-line processing lend themselves readily to
recycling the actinides into the fuel. Eliminating
the actinides from shipments and from the waste
reduces the very long, controlled, storage time to
more acceptable and reasonable periods of time.19

The fission products, already in a processing
facility and in a fluid matrix, can be processed to
the optimal form desired. That is, they can be
reduced in volume by concentration to the most de-
sirable condition. They can be further trans-
formed into the most desirable chemical state,
shape, size, or configuration to meet shipping
and/or storage requirements. The continuous pro-
cessing also allows making the shipments to the
final disposal site as large or as small as desired
or practical, and therefore reducing the associ-
ated risk to a minimum.

Summary

MSRs are very suitable for the beneficial uti-
lization of fissile material from dismantled
weapons for efficient and economical energy pro-
duction. MSRs can utilize all three major fissile
fuels: uranium-233, -235, and plutonium, as
demonstrated in the MSRE. This flexibility is
achieved without reactor-core design modifica-
tions. MSR fuels can be fed continuously on-line
with a variety of fuel combinations. The fuels
can be made proliferation and diversion resistant
during preparation at the head end. The

resistance to misuse can be accomplished by
dilution, denaturing, spiking, and/or controlling
the size of shipments.

MSRs are expected to be generally attractive
because they have inherent safety attributes
that reduce the risks to low levels. These safety
attributes include reduced probability for an ac-
cidental criticality or for rccriticality possibili-
ties and freedom from core meltdowns. The on-
line processing potential can reduce the fission
product inventory, and with it, any risks of
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radioactive dispersal and can reduce the risks
associated with the inability to remove the
afterheat. On-line processing may also enable
treatment of the waste by recycling and burning
the actinides so that controlled storage is not re-
quired over a long period of time. The bulk of the
waste can be reduced in volume and brought into a
shape, form, chemical combination, and shipment
and disposal size that are the most acceptable.
Power production need not be interrupted by
fissile supply fluctuations from the dismantled
weapons. A particular fissile type can be burned
completely and, if desired, converted into

another fissile isotope. Fuel recycling and fab-
rication are not necessary. Fissile materials can
be treated completely at the head-end disman-
tling facility. Fuel shipment sizes are arbitrary
and thus optimally safe, and fuel transportation
is reduced to a minimum.

All of the above considerations make the
MSRs very attractive for the utilization of dis-
mantled weapons fuels, and they enhance, en-
courage, and support the MSR option for benefi-
cial utilization of fissile material from disman-
tled weapons.
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Disposal of Fissionable Material
From Dismantled Nuclear Weapons

Introduction

The reduction in tensions between the United
States and the Soviet Union has improved the
prospects for nuclear disarmament, making it
more likely that significant numbers of nuclear
warheads will be dismantled by the United
States and USSR in the foreseeable future. Thus,
the question becomes more urgent as to the dispo-
sition of the weapons materials, highly enriched
uranium (U235) and plutonium (Pu23^). It is
timely, therefore, to develop specific plans for
such disposal.

Previous papers1"4and other papers in this
AAAS Session5-6 examine the options available
for disposing of weapons material, and they iden-
tify the use of nuclear power reactors to "burn up"
these fissionable materials as the most economi-
cal option and one that has been demonstrated
technologically. Further, it is an option that as-
sures that the fissionable weapons-grade mate-
rial will not be retrieved to reinitiate the nuclear
weapons race nor diverted into military use by
other nations or terrorist groups.

The overall process for disposal of weapons
materials by the "burnup" option involves the
following steps: (1) removing the weapons

material from the warheads, (2) converting the
material to a fuel form suitable for power
reactors, (3) "burning it up" as a power reactor
fuel, and (4) removing the spent fuel and placing
it in a permanent repository. This paper exa-
mines these four steps with the purpose of
answering the following questions.
• What facilities would be appropriate for the
disposal process? Do they need to be dedicated
facilities, or could industrial facilities be used?
• What is the present projection of the eco-
nomics of the burnup process, both the capital in-
vestment and the operating costs?
• How does one assure that fissionable materi-
als will not be diverted to military use during the
disposal process?
• Is the spent fuel remaining from the burnup
process proliferation resistant?
• Would the disposal of spent fuel add an ad-
ditional burden to the spent fuel permanent repos-
itory?

The suggested answers are those of the author
and do not represent a position by the Electric
Power Research Institute.

Dedicated Facilities vs Industrial Facilities

The first step is common to all disposal op-
tions and would best be carried out in a dedicated
weapons dismantling facility under government
auspices and strict verification. The specific
elements of this step have been defined and eval-
uated and are verifiable.7

The input to the second step is the fissionable
material from the warheads, which is in two
forms: highly enriched U235 and Pu239 metals.
The form in which the power industry uses thesc-
isotopes is slightly enriched (~3%) U235 oxide
and mixed U-Pu oxide in which the Pu content is
less than 20%. The slightly enriched U235 fuel is
the one used in today's U.S. commercial power re-
actors and in many Soviet power reactors. Al-
though the U-Pu oxide fuel is not in commercial

use at this time, demonstrations have been car-
ried out in commercial power reactors (utilizing
mixed U-Pu oxide) that have established the
practicality of recycling Pu produced in these re-
actors. Therefore, if the weapons' fissionable
materials are converted in the second step to the
conventional fuel forms of slightly enriched U235

and mixed U-Pu oxide, existing commercial light
water nuclear power systems can be used to burn up
weapons material, and dedicated facilities
would not be necessary for the third step. It seems
apparent that a major capital investment for
dedicated facilities is not needed for the
"burnup" stage of disposal if conventional fuel
forms are utilized.

Center for Technical Studies on Security, Energy, and Arms Control 33



U.S. commercial facilities do not exist for the
second step of converting the weapons material
into these conventional fuel forms. The conver-
sion of U235 from the highly enriched to the
slightly enriched form is straightforward but has
no place in a commercial enterprise since the di-
rect route of enriching from natural uranium to the
slightly enriched form is far less expensive than
enriching to high levels and then blending back
to slightly enriched levels. Commercial facili-
ties to refabricate mixed U-Pu oxide fuel assem-
blies existed in the U.S. in the 1960s and the
early 1970s, but their operations have been oils-
continued as government policy discouraged com-
mercial Pu recycling and as the costs of recycling
rose to unacceptable levels.

U.S. Department of Energy (DOE) facilities
have the capability of converting Pu metal into
U-Pu oxide and can convert highly enriched ura-
nium metal into slightly enriched oxide. Similar
capabilities exist in the Soviet Union. Thus, from
the standpoint of technological capability, the
second step could be carried out in government fa-
cilities in the U.S. or in the Soviet Union with
minimal new capital investment. Such functions
could be subcontracted to commercial firms in
France, the United Kingdom, or Japan, but from
the standpoint of proliferation control, it is
undesirable to carry out these processes in

Government Dedicated
Facilities

Highly Enriched
U 2 3 5

Warhead

commercial facilities if government facilities are
available.

The lack of U.S. commercial facilities and
consideration of fissionable material control
would suggest that government facilities should
also fabricate the U-Pu oxide into fuel assemblies
ready for loading directly into power reactors.
Such facilities exist in the DOE's national labo-
ratories and in the Soviet Union. The slightly
enriched oxide could be furnished in a bulk UF$
form to commercial nuclear fuel firms to fabricate
into fuel assemblies. Thus, capital cost and pro-
liferation control make preferable the option of
using dedicated government facilities for these
conversion processes. Proliferation control could
be further enhanced, although at some incre-
mental capital cost, by colocating the Pu metal-
to-oxide conversion and mixed U-Pu oxide
fabrication.

If government facilities, modified as appro-
priate, are used for the dismantling and conver-
sion processes and if existing power reactors are
used for the "burnup" process as shown schemati-
cally in Fig. 1, minimum capital investment and
maximum proliferation control will have been
achieved. This leads to considering the operat-
ing costs of the "burnup" processes in existing
power reactors.
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Economics of Weapons Material Burnup in Power Reactors

There is a reasonable experience base on
which to make economic estimates of generating
energy from the fuel prepared in the government
facilities, as described above. S. M. Stoller
Corporation studied8 the economics of using this
weapons-derived fuel in light water reactors
based on existing fabrication experience. The
mean unit prices assumed for the fuel cycle
commodities and services are given in Table 1.

Once the slightly enriched fuel is blended by
these government facilities, the economics are
identical to existing nuclear fuel commercial
practice, and the value of the fuel would be de-
termined by the existing market price of uranium,
slightly enriched to -4%, contracted from U.S. or
foreign facilities. Today that price is approxi-
mately $940 per kilogram of enriched U, or
$400,000 per fuel assembly (425 kg), not including
fabrication costs. This price, adjusted to the pre-
vailing market price at the time, would be paid
by the utilities to the government and could be
used by the government to allay the cost of dis-
mantling and blending and/or for oiher purposes.
The utility would provide that U to vendors for
fabrication into fuel assemblies at an added cost
of approximately $100,000 per assembly. Thus,
each slightly enriched U fuel assembly would be
worth about $500,000 at today's prices.

The value of mixed U-Pu oxide fuel assem-
blies is not as straightforward. The mixed-oxide
fuel fabrication facilities in operation or under
construction in Belgium, France, Germany and the
United Kingdom are the best basis to establish
costs for this fuel form. Although the isotopic
composition of the plutonium used in weapons

differs somewhat from that recovered from spent
nuclear fuel as utilized in these facilities, there
appears to be no significant technical impediment
to using this weapons-derived material in these
commercial fabrication facilities and, therefore,
the economics would not be significantly changed.

Summarizing from the Stoller study,8 the cost
of fabricating Pu-U mixed-oxide fuel is signifi-
cantly greater than that for fuel containing only
slightly enriched uranium. This is due to a num-
ber of factors including the additional require-
ments for protection of the plant workers, safe-
guard requirements, and the relatively small size
of mixed-oxide fuel plants. These costs are offset
by the savings in enriched uranium expenses when
plutonium is substituted as the fissionable mate-
rial. The approach taken in this study was to de-
termine the indifference value of the mixed-
oxide fabrication price, i.e., that price for mixed-
oxide fuel assemblies that would make it equal to
the price of slightly enriched uranium fuel
assemblies. This indifference value is then com-
pared to the projected price of mixed-oxide fabri-
cation to determine whether, from a purely eco-
nomic standpoint, it is reasonable to pursue use of
weapons plutonium as a reactor fuel.

The analysis was performed for the reference
case set of assumptions outlined above, and then
sensitivity studies were conducted to explore the
impact of changes in these assumptions. The ref-
erence case assumed that one-third of the fuel
assemblies in each reload batch would be mixed
U-Pu oxide and that a standard annual reload
pattern would be employed.

Table 1. Assumptions for fuel cycle analyses.

Commodities and Services Prices
— Uranium concentrates:
— Conversion services:
— Enrichment services:
— Uranium fuel fabrication:
— Tails assay:
Further Assumptions
— Government provides weapons-derived plutonium oxide at no cost
— Interest rates, carrying charges, and present worth factors based on a

rate of 7% per year as appropriate for the constant dollar analyses performed

$16 per pound U3Qg
$5 per kilogram of U
$103 per separative work unit
$220 per kilogram of U
0.3 weight percent
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The resulting indifference price for mixed-
oxide fuel assemblies for this reference case is
$1200 per kilogram of heavy metal. That is, if
the mixed-oxide fuel containing the weapons plu-
ionium can be fabricated at a cost of $1200 per
kilogram of heavy metal, the overall fuel cycle
costs would be identical to those of an equivalent
all-uranium fuel cycle. The utilities would allay
these costs to the extent of paying approximately
$500,000 per fuel assembly, adjusted to the mar-
ket price of uranium assemblies at that time mi-
nus any special handling costs associated with
Pu-bearing assemblies as discussed below.

The indifference values calculated for the
reference case and the sensitivity cases yield the
following conclusions. The indifference cost of
mixed-oxide fabrication lies at the lower end of a
fairly wide range estimated for new mixed-oxide

facilities under construction in Europe, assuming
the plutonium is provided as plutonium oxide.
The economics are insensitive to the proportion of
plutonium-bearing assemblies in the reload
batch. Although a significant rise in the cost of
slightly enriched uranium is not likely over the
next decade, any such increase raises the indif-
ference value and improves economics.

The fact that the indifference value falls at
the bottom of the range of present costs of assem-
blies from commercial facilities gives a more pes-
simistic picture of the value of the plutonium
weapons material than was projected years ago
when reprocessing and refabricating costs were
expected to be sufficiently low so that mixed-
oxide plutonium uranium fuel could be recycled
economically in present-day commercial thermal
nuclear reactors.

Safeguards Considerations

If the dismantling of nuclear weapons and the
conversion of the fissionable material to conven-
tional fuel forms is handled by the government,
the impact on the civilian sector in the area of in-
creased safeguards requirements would be mini-
mized. The handling of the uranium fuel would
be no different from present commercial practice,
and the impact for that fuel form would be negli-
gible. The plutonium recycle activities underway
commercially in Europe and in Japan are meeting
International Atomic Energy Agency (IAEA)
standards for fissionable material control. The
controls associated with monitoring fuel assembly
handling only, as proposed in this paper, are rel-
atively modest in comparison. Further, the
United States has opened its commercial reactors
to IAEA safeguards inspections. Thus, the incre-
mental costs of safeguarding the burnup process as
defined above would be relatively small, and it
would be expected that such costs would be al-
layed by the government in return for the services
rendered in disposing of the weapons material.

On the other hand, if responsibility for the
conversion and fabrication of the weapons-
derived Pu fuel were delegated to private indus-
try, a major increase in safeguard controls would
have to be instituted, entailing a significant in-
crease in costs and a negative impact on the effi-
ciency and productivity of the conventional
power production operations. Again, these costs
could be allayed by the government, but the

impact on efficiency and productivity would be
difficult to quantify and would no doubt lead to
contentious negotiations. Safeguards and related
economic considerations strongly suggest retaining
the fuel conversion processes within government
facilities.

Of course, the safeguards considerations
would still apply to the government operations.
Both the U.S. and Soviet governments would
have a strong interest in maintaining strict ac-
countability of the fissionable material in the
process to verify that there is no clandestine recy-
cling of the material back to the weapons com-
plex, as well as to protect against diversion of the
material to other powers or to terrorists. The con-
trols could either be administered bilaterally or
through the IAEA, although the process of relat-
ing the amount of fissile material to the number
of warheads would no doubt be done bilaterally.
In any event, it is judged that the costs of the
safeguard services would be lower and would be
more easily carried out in dedicated government
operations than in the commercial power indus-
try. Colocation of these dedicated operations of
Pu metal conversion and mixed U-Pu fabrication
would eliminate the transport of the weapons Pu
in the form of liquid or powaer, which is more
subject to diversion than large, fabricated compo-
nents.

A final safeguards consideration is the poten-
tial for recycling residual plutonium from the
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spent fuel emerging from the burnup process.
Table 2 shows Stoller's8 calculations of the Pu
isotopic composition of spent fuel when the fuel is
mixed Pu-U oxide coming from the dismantling
and processing of plutonium weapons material.
These values are compared with the Pu isotopic
composition of spent fuel from normal commercial
reactors when the unspent fuel is made from
slightly enriched uranium. The total quantity of
plutonium is greater in the mixed-oxide fuel from
weapons "burnup," but it can be seen from Table 2
that the fraction of fissile plutonium is lower and

that the "parasitic" isotopes fraction is higher.
Thus, the spent mixed-oxide fuel is even less of a
diversion target than the uranium fuel.
Therefore, the weapons-derived spent fuel is no
more of an issue from a safeguards standpoint
than that which exists today for commercial
spent fuel, i.e., as long as the plutonium remains
in the spent fuel, its high radioactivity and bulk
make it impractical to divert to military pur-
poses. Further, even it it were reprocessed, the
nonfissile plutonium isotopic content make it
extremely difficult to use for weapons.

Table Z Proportions of plutonium isotopes in spent fuel (weight %).

Isotope

Pu239
Pu24O
Pu24t
Pu2«
Total fissile

All uranium
assembly

58
24
13
5

71

Mixed U-Pu
oxide assembly

46
31
18
5

64

Disposal of Spent Fuel From the Burnup Process

The final step in the overall disposal cycle of
weapons materials through burnup in power reac-
tors is that of storage of the spent fuel after the
burnup has been completed. The isotopic composi-
tion, as discussed above, is essentially the same
as in commercial spent fuel so the only impact on
a permanent spent fuel repository would be the
additional volume of spent fuel assemblies that
would need to be deposited. Since these assem-
blies in effect substitute for conventional assem-
blies in the production of power, the volume of
material the repository would need to handle is
the same for the same amount of power produced.

Given that conclusion, one is faced with the
following interesting paradox: The only step in
the overall cycle of burning up weapons material
that has not been proven is the permanent dispo-
sition of the spent fuel coming out of the burnup
process, since that step has not yet been accom-
plished for the spent fuel coming from commercial
reactors. Could it be that the opposition, in the
name of public safety, to the storage of spent fuel
in a permanent central repository is the only
technical step not in place for getting rid of
nuclear weapons material and the potential
public risk it represents?

Conclusion

Except for the ultimate disposal of the resid-
ual wastes, the burnup of weapons fissionable ma-
terial in power reactors is technologically feasi-
ble and economic. Strict accountability of the
fissionable material can be maintained in the
initial phases of dismantling and converting to

conventional fuel forms by implementing those
processes under government (U.S. and USSR)
auspices. The burnup of the weapons material
can then be handled by the power industry under
existing IAEA standards and surveillance. The
residual spent fuel from the process is very
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similar in isotopic content to commercial nuclear burning up at least one reload of weapons-derived
spent fuel and, therefore, poses no greater require- fuel—one in uranium and one in uranium-pluto-
ments for safeguards control or waste disposal. nium form.

Two primary actions are warranted in light • Accelerated progress on a permanent reposi-
of the issues defined in this paper: tory for spent fuel.
• Demonstration with existing facilities of the
total process of dismantling, converting, and
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Safely Disposing and Controlling the Various
Forms of Excess Military Plutonium

Introduction
For more than 40 years, the U.S. Government

has operated the nuclear weapons production
complex to produce an estimated 60,000 nuclear
bombs for aircraft and warheads for missiles. Of
these, about 40,000 have been removed from the
delivery systems, and the nuclear materials in-
side them have been recycled into new weapons or
have been stored, leaving the United States with
roughly 20,000 nuclear weapons in its arsenal to-
day. The United States has produced roughly 100
metric tons of plutonium and 500 metric tons of
weapon-grade uranium for nuclear weapons.

Dramatic changes in the relationship be-
tween the United States and the Soviet Union
have eliminated many of the usual rationales for
continuing the nuclear arms race. As a result, dur-
ing the past several years, the United States has
reduced its nuclear arsenal and has developed a
plutonium surplus. Continued reductions are ex-
pected to increase this surplus, with the Strategic
Arms Reduction Treaty (START) treaty alone
adding around 10 metric tons.

The United States, however, lacks the means
to dispose safely of all this plutonium or to use it
in reactor fuel. The form of the plutonium, includ-
ing metal bomb components, manufacturing scrap,
and irradiated uranium metal fuel, makes reuse
in reactors impossible without further processing
and complicates direct disposal.

Several of the key U.S. Department of Energy
(DOE) facilities that could potentially convert
surplus plutonium into a form more suitable for
long-term storage or disposal have fallen victim
to concerns about safety, effects on the environ-
ment, and the health of workers and nearby resi-
dents. Other DOE facilities that are under con-
struction, including plutonium processing plants

and nuclear waste disposal sites that could con-
vert or store excess plutonium, have been delayed.
For example, the Waste Isolation Pilot Project
(W1PP) facility in New Mexico has been plagued
by delays, and the Yucca Mountain high-level-
waste site has encountered intense local opposi-
tion.

If the United States and the Soviet Union are
to achieve verifiable deep reductions in their nu-
clear arsenals, they will also need to develop
verifiable procedures to dismantle and dispose of
nuclear weapons and their contained fissile mate-
rials. These arrangements are likely to conflict
with concerns over what to do with surplus mate-
rials, particularly the plutonium.

The issue of safely reducing the plutonium
surplus is intertwined with that of downsizing
and rebuilding the weapons production complex.
This process is already controversial, particu-
larly with respect to the construction of new
weapons production facilities or nuclear waste
disposal sites. Even though the public may sup-
port the general goal of reducing the plutonium
surplus and verifiably dismantling nuclear war-
heads, it might not be willing to tolerate particu-
lar siting decisions. Any proposed solution must
aim at minimizing waste streams and health im-
pacts, as well as maximizing safeguards, physi-
cal security, and the ease of verifying arms reduc-
tion agreements.

To better understand some of the problems in-
volved in either reusing or disposing of pluto-
nium, the following sections address three spe-
cific cases that have added to the plutonium sur-
plus—retired nuclear weapons, manufacturing
scrap, and irradiated fuel from the Hanford N
Reactor.

Retired Nuclear Weapons
Since the mid-1980s, the U.S. nuclear weap-

ons stockpile has steadily decreased from
roughly 25,000 to 20,000 nuclear weapons. This
decrease in the size of the arsenal is largely
responsible for the growing surplus of plutonium

and highly enriched uranium and underlies the
recent decision by the DOE not to produce more of
these materials for weapons in the foreseeable
future.
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Table 1. Estimated excess fissile material from nuclear weapons reductions.

Size of arsenal

20,000 (current)

15,000 (post-START)

10,000 (post-START-II)

5,000 (post-START-II)

2,000 (finite deterrent)

Excess plutonium3

(metric tons)

0=

15-20

30-40

45-60

54-72

Excess highly enriched uraniumb

(metric tons)

0°

75-100

150-200

225-300

270-360

I assume that each warhead retired contains an average of 3 to 4 kilograms of plutonium.
I assume that each warhead retired contains an average of 15 to 20 kilograms of weapon-grade uranium.
Arbitrary baseline, for comparative purposes only. Actual surplus is not publicly known.

Table 1 contains five possible scenarios for
the U.S. nuclear arsenal, and estimates for
plutonium and highly enriched uranium surpluses
in each case. The first scenario is basically the
present arsenal. The second includes the START
reductions and the reductions in U.S. nuclear
forces in Europe. This scenario is consistent with
expected near-term reductions. The third and
fourth scenarios represent possible post-START-II
arsenals. The final estimate corresponds to a
"finite deterrent" level of nuclear arms, about
2000 U.S. weapons.

This table illustrates the magnitude of the
problem facing the United States, and undoubt-
edly the Soviet Union, and argues for a rapid
evaluation of the economic and technical feasi-
bility of verifiable warhead dismantlement and
disposal or reuse of the contained plutonium and
highly enriched uranium. At least one unclassi-
fied study has shown that such a process can be
established without revealing weapons design
information.7

Whether or not a verifiable warhead dis-
mantlement scheme is achieved, the United
States will still need to reduce its surplus inven-
tories of plutonium and highly enriched uranium.
There are many feasible alternatives for the
highly enriched uranium, including vising it in ex-
isting government-owned reactors or blending it
down to low enriched uranium and selling it to
the commercial nuclear industry. The latter op-
tion could be accomplished by substituting low en-
riched uranium for material that the DOE has

already agreed to supply through existing con-
tracts with the owners of nuclear power plants.
Unless done carefully, however, the sale of this
material to commercial reactor owners could en-
counter political opposition from certain parts of
the commercial nuclear industry, particularly
uranium mining and enrichment.

Reducing excess plutonium inventories is far
more difficult, because plutonium poses greater
radiation risks than enriched uranium and be-
cause it cannot be denatured isotopically to make
it unusable in nuclear weapons. An interim strat-
egy is to convert the plutonium metal components
into oxide powder, which is generally recognized
as safer to store than metal. With the weapon
production complex aging, fragile, and subject to
frequent shutdowns, however, the DOE may have
significant problems converting the metal into
oxide.

Once converted, the oxide could be stored,
disposed of as nuclear waste, or fabricated into
plutonium/uranium fuel for use in reactors. The
second option would ultimately require that sep-
arated plutonium be disposed in geological waste
repositories. The ones currently under construction
or planned should be capable of storing separated
plutonium, although they are not being designed
specifically to do so and would require further
evaluation to ensure that separated plutonium
can be disposed of safely.

The reuse of the plutonium in commercial re-
actors has not proven to be politically or economi-
cally feasible. Conversion of this plutonium into
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irradiated fuel would be a more "proliferation re-
sistant" alternative than storing separated plu-
tonium. However, this option could stimulate the
development of a commercial plutonium separa-
tion and recycling industry in the United States,
which could decrease the proliferation resistance
of commercial nuclear power.

Another strategy is to remix excess plutonium
with high level waste, vitrify it, and prepare
it for disposal in the same type of facilities
that will store commercial spent fuel. This

alternative, however, has not been evaluated for
its technical or economic feasibility.

In the meantime, plutonium metal components
can be stored in high security facilities. Al-
though this option is not desirable from a physi-
cal security or verification perspective, it would
allow time for a more thorough evaluation of
possible approaches to handling the excess pluto-
nium. To reduce concerns about "breakout," the
United States and the Soviet Union could agree to
submit excess plutonium to bilateral inspection.

Manufacturing Scrap

Because of problems in operating Building 371
at Rocky Flats in the early 1980s, the DOE accu-
mulated a large backlog of plutonium manufactur-
ing scrap or "residues." Rocky Flats has the larg-
est amount, with an inventory of over 140 metric
tons of scrap containing an estimated 8 to 9 metric
tons of recoverable weapon-grade plutonium.
This scrap is in about 20 major forms, including
ash, sand, salt, gloves, high-energy particulate
air (HEPA) filters, and glass.2

Until recently, the DOE had intended to
recover much of this plutonium for use in new nu-
clear weapons. This plan has been deferred be-
cause adequate amounts of plutonium will be
available from retired warheads. A plan to re-
cover scrap along with plutonium from retired
weapons in a new plutonium recycling facility at
Rocky Flats encountered intense local opposition,
which led the U.S. Congress to cancel the project.

If plutonium in the scrap is not worth recover-
ing, the U.S. government needs to evaluate the
various management options to dispose of the
scrap, including disposal without recovering the
plutonium. This problem is made more manage-
able since recoverable scrap and waste are
similar, differing mainly in their plulonium
concentration. Recoverable plutonium scrap is

defined as containing enough plutonium to war-
rant recovery when compared economically to
other methods of obtaining plutonium.

During the debate about building a new plu-
tonium recycling facility at Rocky Flats, the DOE
took the position that virtually none of the scrap
would meet the WTPP waste acceptance criteria,
which provides specific characteristics and limi-
tations on what waste forms would be allowed
in the VV1PP, and thus the scrap could not be
stored in the facility without further processing.3

Although some fraction of the scrap might re-
quire processing before it can be safely trans-
ported or disposed, the general conclusion needs
to be reevaluated. Because of the importance of
this issue, an independent group should evaluate
the various alternatives for scrap disposal, in-
cluding a review of the WIPP waste acceptance
criteria.

Any procedures developed or facilities built
to handle this scrap should be transparent to bi-
lateral or international inspection. The amounts
of plutonium are large enough to raise questions
about whether some of it has been hidden for fu-
ture use during a "breakout" from arms reduction
agreements.

N Reactor Spent Fuel

From 1963 until 1988, the N Reactor at the
Hanford Reservation in Washington State pro-
duced both electricity for the Northwest and plu-
tonium for nuclear weapons and research pro-
grams. Most of the N Reactor's irradiated fuel
was chemically processed in the nearby PUREX
plant, but that plant was shutdown for safety

modifications in late 1988, leaving about 2100
metric tons of irradiated fuel yet to be processed.4

About 1700 metric tons of this fuel contains an es-
timated 3.4 metric tons of fuel-grade plutonium,
and the rest contains about 300 kilograms of
weapon-grade plutonium.3
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The PUREX plant, however, may not reopen,
and controversy has developed over the fate of
the remaining N Reactor spent fuel. The fuel is
uranium metal containing slightly enriched ura-
nium and clad by a zirconium alloy (zircalloy).
The deeding of some of the fuel has failed and is
leaking radioactive fission products into its wa-
ter storage basins. In addition, both the uranium
metal and its cladding can burn under some cir-
cumstances, and uranium metal, if exposed to wa-
ter, will react to form oxides, oxide hydrates, and
hydrogen.

The DOE has recommended that the PUREX
plant be restarted to process this fuel, recovering
and storing the separated plutonium oxide.6 It
has said that the intact fuel is not suitable for
disposal in the proposed Yucca Mountain Site.

The DOE expects that this site's waste accep-
tance criteria will be similar to the one for WIPP
and, thus, will limit radionuclide pyrophorics to
1% of the waste by weight.7

The DOE's position has been criticized by the
Hanford Education Action League and the
Institute for Energy and Environmental Research,
who have suggested an interim alternative of en-
capsulation of leaking fuel rods and dry storage of
the fuel.8 Long-term alternatives are permanent
encapsulation of the fuel or oxidation or
"roasting" of the fuel followed by disposal in z
geological repository.9 In response to public and
congressional pressure, the DOE has agreed to
evaluate these alternatives in an Environmental
Impact Statement that will be completed before
the PUREX plant would restart.

Conclusions

The growing surplus of plutonium will con-
tinue to pose safety, health, and verification
problems. Although long term storage and dis-
posal of plutonium seems technically feasible, or
at least comparable in technical difficulty to
commercial spent fuel disposal, significant polit-
ical obstacles within the government and the
public, may make it difficult to solve this prob-
lem.

Although options to build verifiable war-
head dismantlement facilities or to recycle plu-
tonium in reactors and thus convert separated

plutonium into irradiated fuel are straight-
forward concepts, their realization remains dif-
ficult for economic and political reasons. The
plutonium recycle option also raises additional
proliferation concerns about its impact on civilian
nuclear programs.

In the absence of a long term solution, the
United States can implement various storage or
interim disposal options that involve minimal
processing, but that ease verification problems
and provide adequate safety and protection of
public health.
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Foreword

This report discusses certain ideas concerning the problem of nuclear warhead dismantlement
and weapon-grade fissile material reductions. Methods for performing and verifying the dismantle-
ment procedures are reviewed in some detail, and the issues surrounding the fate of nuclear material
extracted from warheads are discussed in brier.

Definitions and Abbreviations

START
ICBM
SLBM
GLBM
IAEA
L
HB
CM
MRV
RV
IRSBM
SOA
JDT

Strategic Arms Reduction Treaty
Intercontinental Ballistic Missile
Submarine-Launched Ballistic Missile
Ground-Launched Ballistic Missile
International Atomic Energy Agency
Launcher
Heavy Bomber
Cruise Missile
Multiple Reentry Vehicle (includes warheads, their bus and aerodynamic shroud)
Reentry Vehicle
Intermediate and Shorter Range Ballistic Missile
Strategic Offensive Arms
Joint Draft of the Text for the Strategic Offensive Arms Treaty
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Some Issues with regard to: Nuclear Warhead
Dismantlement Procedures and Weapon-Grade

Fissile Material Reductions within the
Framework of Mutual Nuclear Arms Limitations

The Need for Procedures to Accomplish and Verify the Dismantlement
of Nuclear Warheads from Weapon Systems Subject to Reduction

under the Bilateral Agreements
A major breakthrough has been achieved in

recent years in the field of arms limitation.
Treaties involving the elimination of intermedi-
ate and shorter range missiles and conventional
weapons have been concluded. A treaty for the
"50%" reduction of strategic offensive arms
(START) is now ready for ratification.

At present, the USA and the USSR have
some 26,000 nuclear warheads in their systems of
strategic nuclear forces. When START is con-
cluded, some 13,000 nuclear warheads will be
withdrawn from combat duty, and some 65 metric

tonnes (MT) of weapon-grade plutonium and 260
MT of highly enriched uranium will be removed
from the weapon-production cycle.

The threshold levels for delivery vehicles
and nuclear warheads within the system of
strategic nuclear forces were established in the
joint SU-US Summit Statement of December 12,
1987, which serves as the basis for START and
which is included in the Joint Draft of the Text
for the Strategic Offensive Arms Treaty. These
levels are shown in Table 1.

Table 1. USSR and USA strategic offensive nuclear delivery vehicles and warheads as of Jan. 1,1990.

USSR USA

ICBM launchers,
including MIRVed ICBMs

SLBM launchers,
including MIRVed SLBMS

Total ICBM and SLBM launchers,
including MIRVed ICBMs and SLBMS

Heavy bombers,
including those with CMs

Grand total, ICBM and SLBM launchers and HBs,
including MIRVed ICBMs and
SLBMS, and HBs with CMS

Total nuclear warheads on strategic delivery vehicles

Total delivery vehicles (ICBMs, SLBMs, and HBs)
after START

Total warheads after START,
including warheads for ICBMs and SLBMs
and warheads for HBs and CMs

1398
760

924
440

2322
1200

162
97

2484

1297

10,000

1600

6000
4900
1100

1000
550

672
640

1672
1190

588
161

2260

1351

14,000-16,000

1600

6000
4900
1100
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As a result of START, the USSR will have to
eliminate some 4000 nuclear warheads, and the
USA will have to eliminate some 8000 to 9000 nu-
clear warheads. However, neither the IRSBM
Treaty nor START discusses the issues related to
the further fate of the "retired" nuclear war-
heads or their fissile (uranium and plutonium)
materials. For example, the Protocol on proce-
dures regulating the elimination of the missiles
that fall under the IRSBM Treaty merely states:

"Before the missile arrives at the elim-
ination site, its nuclear warhead and
guidance system elements can be re-
moved from it."

Therefore, the dangerous possibility exists that
the warheads may remain intact and may be used
for the buildup of new weapon systems that do not
fall under any reduction or limitation agreements.

It should be noted that the issue of nuclear
warhead dismantlement was discussed during the
IRSBM Treaty ratification process, but the idea
did not receive enough support since its opponents
claimed that its adoption would provide the
verifying side with the opportunity to obtain
secret data on nuclear weapon design details.

We are firm in our opinion that only the com-
plete elimination of nuclear arms will guarantee
permanent security for modem civilization. At
the current stage, however, only a step-by-step
approach is indisputably feasible, and there is a
need for a dialogue that includes discussing the
nuclear disarmament stages in the United
Nations organization.

If an agreement on the verifiable dismantling
of nuclear warheads is achieved, it will speed up
the elimination of nuclear warheads and assure a
higher level of mutual security to the contracting
parties. We think that such an agreement should
be built on a step-by-step approach and should be
oriented primarily toward START.

The current proposals are intended to show
that a real scientific and technological possibil-
ity exists (within the framework of START and
followed by further agreements in the areas of nu-
clear arms reduction and limitation) for imple-
menting both the nuclear warhead dismantling
procedures and the verification of the agreements
while at the same time guaranteeing the nonin-
trusion into nuclear warhead design information.

Identification Procedures and Verification Technclogy

Dismantling procedures and their verifica-
tion will:
• Enable each side to make sure that submitted
nuclear warheads match the types of nuclear
weapon systems subject to reduction under the
terms of two-party agreements.
• Determine the order of and technology for nu-
clear warhead dismantlement (including nuclear
warhead removal from a delivery vehicle and its
further dismantlement).
• Contain proposals on further use of fissile ma-
terials and non-nuclear components of nuclear
warheads.

If bilateral agreements on nuclear warhead
dismantlement are adopted, then the technical
operations, involving identification of the war-
head and determination of its type and affilia-
tion with a specific weapon system subject to re-
duction, are assumed to be performed in special
installations, with nuclear warheads being de-
tached from their delivery vehicles (BMs, CMs)
in advance.

The current proposal will ease both the tech-
nical implementation of nuclear warhead identi-
fication and the whole process of the verification
of agreements on their dismantlement.

It is advisable that the initial identification
of the nuclear warhead, establishment of its af-
filiation to a specific missile type, and issuance
of the radiation "passport" or signature be done
by the group of inspectors during the period when
the inspectors are verifying the number of war-
heads installed on missiles, in accordance with
START. This will allow the inspectors to make
positively sure that the nuclear warhead to be
dismantled is in fact from a certain type of mis-
sile (ICBM, SLBM) that falls under the reduction
or limitation provisions of the memorandum of
the agreement, supplementing START, which
lists all the missile types of the contracting par-
ties, with the number of warheads counted for ev-
ery type of missile.

The proposed procedures for the control of
warhead numbers on the sea- and land-based
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ballistic missiles, as given in START, are ori-
ented toward two variants:
<• Variant 1 — Inspection of the head of the
missile (GLBM, SLBM) with its warheads in its
launcher silo, launch tube.
• Variant 2 — Inspection of the head of the
missile with its warheads after the missile has
been removed from its launcher and delivered to a
special inspection site.

Selection of the variant for the inspections
can be made by the inspecting side or by the side
under inspection.

Under the first variant, the head of the
SLBM would be removed from the missile inside
the submarine launch tube and would be held over
the launch tube by a lifting tackle for the period
necessary for warhead inspection. In addition to
the agreed to procedures for the demonstration of
ICBM and SLBM heads under START, the initial
identification procedure for a nuclear warhead
should envisage the possibility of employing de-
tecting devices at the demonstration sites.
Identification of implementation techniques
should be agreed on mutually, and the minima'/
period for inspection and identification should be
increased by 10-15 minutes for each warhead.
(Under the demonstration procedure in START,
the total period of demonstration lasts
15 minutes.)

Results of the initial identification of the nu-
clear warhead should contain the following in-
formation:
• The type of nuclear warhead.
• Its affiliation with a type of missile that
falls under the reduction agreement.
• The radiation signature for each warhead,
MRV, or singlet (making measurements of only
the radiation background from each of the re-
maining warheads).

The method used to determine the radiation
signature is selected by the side under inspection.
The nuclear warhead is supposed to be identified
by a "passive" method that registers the gamma
emission from the nuclear charge by the charac-
teristic energetic lines of the isotopes: uranium-
235, uranium-238, and plutonium-239.

The technological feasibility of implement-
ing such identification was tested during the
Soviet-American experiment held at the Black
Sea in the summer of 1989.1 Analysis of the re-
sults showed that no specific design details were
revealed, i.e., no secret information was leaked.
Moreover, restrictions on the placement of regis-
tering devices may be adopted, and measurements

can be done with the multichannel analyzers
selectively tuned to register only the presence (or
absence) of certain spectral lines. Adoption of
such measures will preclude the possibility of the
inspecting side obtaining secret information on
the design details of a warhead's nuclear charge.

The process of nuclear warhead identifica-
tion can be enhanced as follows. The information
value and reliability of the suggested process of
nuclear warhead identification can be supple-
mented, we believe, by registering the hard
gamma radiation that appears when the conven-
tional explosives within the nuclear warhead
have been activated by neutrons from the sponta-
neous fission of the nuclear charge.

Nitrogen gives the largest share to the sum
total of gamma radiation from the explosive
components interacting with neutrons. When ni-
trogen interacts with neutrons of the fission spec-
tra, the most characteristic energy spectrum lines
of the gamma radiation that appear are those
with energies:

£ = 5.269 MeV
£ = 6.32 MeV
£ = 7.3 MeV
£ = 10.83 Mev
Calculations of the gamma radiation inten-

sity from conventional explosive components ir-
radiated by the permanent flow of neutrons from
the fissile material have shown that it lies
within the range of 103—105 gamma-photons per
second, depending on the model of the nuclear
charge. This value is quite adequate for
registering gamma-photons with energies over
3 MeV if contact measurements are done with
semiconductor-based gamma detectors.

Registration of the hard gamma component
during the nuclear warhead identification proce-
dure will make it possible to improve the relia-
bility of the process and will raise the level of
confidence of both sides, since the possibility of
replacing the nuclear warhead with its dummy is
practically eliminated; in such a case one would
have had to develop a full-scale analog of the
nuclear warhead, including the fissile material
and the explosive.

The initial identification procedure should
be implemented for nuclear warheads from all
types of Soviet and American ICBMs and SLBMs,
as listed in the memorandum of agreement, and a
radiation signature should be issued for each type
of nuclear warhead.

The radiation signature will be signed by the
contracting parties and will serve as the basis for
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identifying nuclear warheads to be submitted
later for dismantlement. Data from the radiation
signatures for every type of nuclear warhead de-
clared by each side for dismantling can be stored
in the computers of the registering device com-
plex. A possible layout for the initial identifica-
tion of the nuclear warheads is shown in Figs. 1
and 2.

Identification of each nuclear warhead sub-
mitted for dismantling will be made by compar-
ing the measured characteristics of the warhead
with the reference signature data stored in the
computer for that type of warhead. In addition to
the radiation signature, it would be advisable to
have an outline drawing showing all the major
dimensions for each warhead type.

Procedure and Technology for Nuclear Warhead Dismantlement

All of the nuclear warheads declared by the
two parties in the nuclear warhead dismantle-
ment treaty are subject to dismantlement.

Taking into account the technological com-
plexity of the warhead dismantling process and
the necessity for employing highly qualified per-
sonnel, it is advisable that these operations be
performed in specially assigned installations.
Dismantlement sites should also be declared in
the bilateral agreements, and the activities of
bilateral on-site inspections should be defined
as well.

The first stage of the nuclear warhead dis-
mantling procedure is the initial identification
and determination of the radiation signature for
every type of warhead subject to dismantlement.
These operations can be performed in situ at the
ICBM launch sites, in the SLBM launch tubes, or
at other places described above.

The second stage of the dismantling procedure
is performed in specially assigned installations.
It should include identification of the nuclear
warhead to check its compliance with the radia-
tion signature for the specific warhead type. This
operation is done by the inspecting side using the
registering devices previously described. When
this operation is performed, the nuclear warhead
can be covered by a hood.

After identification, the warhead is trans-
ferred to a separate installation, and the third
stage begins—direct dismantling of the warhead.
The installation where the dismantling will oc-
cur is checked by the inspecting side for fissile
materials and parts that can be categorized as
possible components of the nuclear warhead.

The dismantling of the warhead and extrac-
tion of the fissile material is carried out by the
side under inspection without the presence of the
inspecting side. The fissile materials extracted
from the nuclear warhead are put in special

containers. Separate containers are used to store
ordinary high explosives and all active chemical
and toxic materials of the nuclear device. Other
assembly components from the nuclear warhead
and its frame are put in separate containers.
These containers can be presented to the inspect-
ing side for a preliminary verification before the
dismantling takes place.

After the dismantling, all containers, in
closed form, are presented to the inspecting side
and sealed by both sides. An emission verifica-
tion of the presence of fissile material is con-
ducted by recording the gamma emissions from
the three isotope lines—uranium 235, uranium
238, and plutonium 239.

The structure where the dismantling is per-
formed can also be examined by the inspecting
group for convincing evidence showing the absence
of fissile materials and assembly parts from the
dismantled warhead. With this step, the direct
cycle of dismantling the nuclear warhead is
complete.

The substantial supply of nuclear warheads
accumulated in the USA and USSR ensures that
the dismantling of the specified number of war-
heads will be a lengthy process, requiring sub-
stantial expenditures (for manufacturing equip-
ment assemblies and a large number of special
containers and for inspection costs, etc.). For a re-
alistic appraisal of possible time parameters and
for a preliminary demonstration of possible dis-
mantling procedures and technology, it would be
advisable to conduct a bilateral USSR/USA
demonstration of nuclear warhead dismantling
procedures. The use of mock nuclear warheads in-
stead of regular warheads is not excluded during
this stage of verification. Preferably, such a
demonstration should be conducted at installa-
tions in the USSR and the USA where warheads
will be dismantled. Demonstrating these
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Figure 1. Proposed schematic for the initial identification
of nuclear warheads in submarine launched ballistic missiles.
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Figure 2. Proposed schematic for the initial identification of the nuclear warhead
as part of a rocket or in a special structure (or in the shaft of a launcher).
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dismantlement procedures and technologies can be
organized in a manner similar to the Soviet-
American experiment at the Black Sea in 1989.
This preliminary bilateral work should result in

more precise dismantling procedures and realistic
assessments of the time required to dismantle
nuclear warheads.

Subsequent Use of Fissile and Non-Nuclear
(Chemically Active and Toxic) Materials from Nuclear Warheads

As a result of dismantling nuclear warheads,
a substantial quantity of fissile materials and or-
dinary high explosives will be "set free." It is
possible to evaluate the quantity of these mate-
rials for the 13,000 nuclear warheads in the
USSR and the USA that are subject to disman-
tling during the first stage (Table 2).

Table 2. Materials from dismantled warheads.

USSR USA

Total nuclear warheads 4000 9000
subject to dismantling
(according to a treaty for 50%
reduction of SOA)

Quantity of highly enriched 80 180
uranium (MT)

Quantity of ordinary high 120 270
explosive (MT)

Quantity of weapons grade 20 45
plutonium (MT)

High explosives and chemically active and
toxic components, including tritium, extracted
from the nuclear warhead must be either de-
stroyed according to generally accepted proce-
dures or reprocessed. We feel that these stages of
destruction do not require inspection by the other
side. Other assembly components of the nuclear
warhead (body, etc.) can be shipped in marked
containers for destruction (for example, by means
of compression). This stage can be verified by the
inspecting side. A possible flow of procedures for
dismantling nuclear warheads and verifying the
steps is shown in Fig. 3.

According to different accounts, the USSR and
USA each have in their nuclear arsenals about
100 MT of plutonium and 500 MT of highly en-
riched uranium. On April 7,1989, the USSR an-
nounced the phase-out of highly enriched ura-
nium production. A program has been worked out
to close our weapon-grade plutonium reactors by
the year 2000.

The problem of fissile materials that will be
extracted as a result of agreements on nuclear dis-
armament is raising public and official concern in
the USSR, since the safekeeping of these materi-
als may allow the possibility of their use for mil-
itary applications. We understand the necessity
for developing a mechanism to control fissile ma-
terials and to explore the possibility of using
them for peaceful purposes.

The present-day accuracy in determining the
supply of fissile materials exceeds 10%, and it is
based mainly on global methods of verification
(for example, on the content of the isotope kryp-
ton 85 in the atmosphere). Therefore, a bilateral
declaration of supplies is needed to realize a re-
duction in weapon-grade fissile materials. It is
also advisable to develop scientific-technical
methods for increasing the accuracy of the accu-
mulated amounts of weapon-grade fissile materi-
als. This could involve theoretical methods of
determining the quantity of accumulated fissile
materials from measurements of physical param-
eters of nuclear reactors and also methods based
on measurements of radioactive waste and irra-
diated fuel.

The increase in the accuracy of verification
methods will increase the trust between both
sides and will facilitate the realization of nu-
clear disarmament.

Fissile materials extracted from the nuclear
warhead and packaged in special containers
marked by both sides can be shipped to a special
storage facility that can be controlled according
to the procedures of the IAEA or by special bilat-
eral inspections. For complete liquidation of
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highly enriched uranium and weapon-grade
plutonium, various means can be used:
1. Highly enriched uranium, extracted from the
nuclear warheads, after being mixed with natu-
ral uranium and brought to the level of energetic
nuclear fuel, could be burned in nuclear reactors,
and the spent fuel could be put in controlled stor-
age according to the procedures of the IAEA.

2. Weapon-grade plutonium extracted from the
nuclear warheads could be bumed in special nu-
clear reactors, assigned and controlled by each
side, and working strictly in a "unicycle" regime
without recycling the nuclear fuel.
3. One variant of plutonium removal from the
armament cycle could be its artificial contamina-
tion by radioactive wastes and burial in con-
trolled repositories.

Proposal for Measures Necessary to Prepare Bilateral Agreements for the
Dismantling of Nuclear Warheads and Their Verification

Verifiable dismantling of nuclear warheads
with the liquidation of fissile materials under
the treaty for a 50% reduction in SOA, followed
by further agreements in the area of nuclear dis-
armament, will be the basis for a complete liqui-
dation of nuclear weapons and a guarantee of a
enduring security.

We feel that the main measures necessary to
prepare for bilateral agreements on the disman-
tling of nuclear weapons could be:

1. Declaration of the total number of nuclear
warheads subject to dismantling, with an indica-
tion of their type, their suitability to types of
rockets indicated in the memorandum of under-
standing to START, arid the order of their presen-
tation to the sides for verification.
2. Declaration of the quantity of fissile mate-
rial subject to extraction and liquidation from the
dismantled warheads.
3. Preparation of requests to IAEA for a study
by experts of the problems associated with

verification of fissile material subject to extrac-
tion and subsequent liquidation.
4. Proposals by the governments of the USSR
and the USA for a full-scale debate in the United
Nations on the possible stages of nuclear disar-
mament, a ban on manufacturing fissile materials
for nuclear armament, and the formation of a new
system of mutual security that is not based on
nuclear forces.
5. With the goal of examining possible proce-
dures and technology for verifiably dismantling
nuclear warheads, conduct bilateral trial demon-
stration of these procedures at selected installa-
tions in the USSR and the USA, similar to the
Soviet-American experiment in 1989 at the Black
Sea.
6. Determination of regulations for bilateral in-
spections or control by IAEA of verification pro-
cedures for dismantling warheads and liquidat-
ing fissile materials.

Conclusions

This report reflects the viewpoint of the author and the position of the Center for Program Studies,
Academy of Sciences, USSR, which I have the honor to represent; it may not express in full the views of
our official state establishments and of the enterprises that develop and manufacture nuclear war-
heads and weapon-grade fissile materials.

I would like to express the hope that our proposals will facilitate the joint USSR-USA efforts to
achieve agreements on the mutual reduction of nuclear arms.
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The Role of Congress in Future Disposal of Fissile
Materials from Dismantled Nuclear Weapons

Introduction

Assuming the Soviet Union remains intact
as a major power and the superpowers do not
retrogress to a new Cold War era, it is likely
that the United States and the Soviet Union
will eventually agree to deep cuts in their
nuclear arsenals. Future arms control agreements
may be coupled with companion agreements to
stop production of fissile materials for nuclear
weapons, to dismantle the warheads of the
nuclear weapons, and to dispose of their fissile
materials to prevent reuse in new warheads.

Such agreements would be negotiated by the U.S.
executive branch but probably would require
ratification, funding, and enabling legislation
from the U.S. Congress if they are to succeed.

There follows a brief review of the ideas for
disposal of fissile materials from dismantled nu-
clear warheads and the potential role and influ-
ence of the Congress in the negotiation, ratifica-
tion, and implementation of U.S.-Soviet agree-
ments for such disposal.

Dismantling: A Preliminary to Disposal of Fissile Materials

The starting point for my discussion is the
delivery of fissile material from the dismantling
step to disposal. How the warheads that are
to be dismantled may be verified as genuine,
how their nuclear materials are removed and
verified as to quantity and quality, and how the

non-nuclear components can be destroyed have
been discussed by colleagues. At this next stage,
the recovered plutonium and/or weapons grade
uranium-235 await disposal, with several
options that can be expected to provoke notably
different Congressional reactions.

Disposal Options Reviewed

A Physical Sciences Viewpoint

From a physical sciences viewpoint, there are
several possible options for permanent disposal of
fissile materials from dismantled nuclear war-
heads. These include:

Fissioning. If the plutonium and/or U-235 are
fissioned in a reactor, it is gone. Indeed, the dom-
inant early technological philosophy of nuclear
energy was to develop breeder reactors, which in
effect would transmute U-238, a non-fissile mate-
rial, into fissile plutonium to be used as a commer-
cial nuclear fuel. Fissioning could be accom-
plished using existing military and/or commer-
cial reactors or by constructing new reactors of a
design specifically suited to the disposal of fis-
sile materials.

Dilution and irretrievable burial of pluto-
nium. Recovered plutonium could be heavily di-
luted and contaminated with other materials,

including high level wastes, and then buried in a
high level waste depository.

Dilution of uranium. Weapons grade uranium
could be diluted to normal nuclear level, i.e., 3-
4% U-235 and could be used to fuel conventional
nuclear power plants.

Use of U-235 in naval reactors. Weapons
grade U-235 from dismantled warheads could be
used to fuel U.S. and Soviet nuclear-powered
submarines and warships.

Disposal of plutonium into the seas. In prin-
ciple, recovered plutonium in liquid form could be
slowly leaked into the ocean where the dilution
would be so great that it could not be recovered
and concentrations would not be hazardous to pub-
lic health or to the environment.

Disposal of plutonium into outer space.
Another physical option would be to put pluto-
nium into outer space whence it probably could not
be recovered.
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Support for and Opposition to these Options

The fact that some of these alternatives
may be physically possible does not make them
acceptable options for policy.

Some Practical Political Considerations

Many considerations will determine the prac-
ticability and acceptability of these disposal op-
tions. Six such considerations are speculatively
compared in Table 1. Readers are invited to sub-
stitute their own speculative ratings. The consid-
erations include nonproliferation,1 national secu-
rity, costs, environment, effect on the Interna-
tional Atomic Energy Agency (IAEA), and poten-
tial Congressional attitudes. The speculative
comparison of Table 1 suggests that in this case,
disposal of plutonium in a high level waste de-
pository is the most desirable, while using it in
commercial breeders is the least. Similarly, di-
lution and commercial use of weapons grade ura-
nium as reactor fuel is preferable to storage and
use for U.S. and Soviet naval propulsion. Again,
note that different ratings in this table, or
changes in considerations could produce different
results.

Indefinite Storage:
The Most Likely Measure

Whatever the final option chosen for dis-
posal, it seems likely that recovered plutonium
and U-235 available for disposal will first be
stored, perhaps for many years, while disposal
details are worked out. If so, decisions regarding
storage will be necessary. Options for storing the
recovered fissile materials include:
• National interim U.S. and Soviet storage cen-
ters, subject to IAEA safeguards or perhaps to bi-
lateral U.S.-Soviet inspection.
• Joint U.S.-Soviet storage centers in other
countries.
• International storage centers operated in the
U.S. and the USSR by an international organiza-
tion, perhaps the IAEA or some other organiza-
tion attached to the United Nations.

Among these options for storage, national
storage subject to international or bilateral safe-
guards appears to be the most likely because of
convenience (avoiding transportation problems)
and optimism that a final disposal decision can
be made eventually.

The Role of Congress

General Sources of Influence

Clearly, the President and his executive
branch will negotiate and carry out agreements to
dismantle warheads and to dispose of their fis-
sile materials. Just as clearly, various commit-
tees and members of Congress have been substan-
tially involved in the framing of the dismantle-
ment and disposal issue and will undoubtedly in-
fluence the ultimate decisions on verified dis-
posal of fissile material.

Congress has many ways to influence the
choice of disposal methods and its subsequent im-
plementation. Avenues of influence include:
Congressional debates; advice and consent of the
Senate for ratification of treaties and agree-
ments; authorization of legislation for treaties;
attaching of conditions to U.S. ratification;

'Nonproliferation considerations include international nu-
clear cooperation, export controls, and the Nonproliferation
Treaty and ?ts verification.

appropriation and authorization of funds;
advisory resolutions; and oversight investiga-
tions and hearings.

Congressional Interest
in Dismantling Warheads

During the 1988 Senate hearings on the
Intermediate-Range Nuclear Force (INF) Treaty,
Senator Helms asked what would be done with
the nuclear warheads from the missiles that
were to be dismantled. The reply of the Reagan
Administration was that the warheads would be
removed, stored, and perhaps reused. Helms as-
sailed the American negotiators for concluding an
accord that does not require the destruction of
missile warheads. He stressed the point that
"not a single nuclear weapon will be destroyed
under the terms of this treaty" (New York Times,
Jan. 27,1988: Al). Furthermore, Heims said,
"That means that those nuclear weapons—

62 Center for Technical Studies on Security, Energy, and Arms Control



I
-3*

Table 1. Speculative comparison of desirability of options for disposal of fissile materials for dismantled warheads.

SO

I
o

3.

tn

I
g.

3

3

Disposal option
Non- National

proliferation security
Environmental Effect Congressional Overall (sum of

Cost opposition on IAEA attitude preceding ratings)

Plutonium

Fission in breeder

Fission in conven-
tional power plant

Mix with high level wastes
and bury in a depository

Dilute into the seas

Launch into outer space

-3

+3

+3

+3

+2

+2

+3

+3

+3

-3

-1

-3

-1

-2

+2

_2

+2

-3

-3

-2

-1

-1

-1

-1

-3

-2

+3

-3

-3

-12

-2

+8

+1

-3

U-235

Store and use for
naval propulsion

Dilute to commercial nuclear
fuel grade and use

_2

+3

+3

+2

+3

+1

-1

-2

-3

+2

-1

-1

-1

+5

Speculative rating scheme, desirability scale: less acceptable < -3, -2, -1,0, +1, +2, +3 > more acceptable W.H.D. 2/14/91



the warheads—can be removed from missiles to
be destroyed, and rebolted on other missiles not
covered by the treaty" (Washington Post, Jan. 27,
1988: A7) Although it was doubtful that either
U.S. or Soviet warheads could simply be
"rebolted" to other weapons. Senator Helms' po-
sition regarding the need for dismantlement and
disposal of warheads has attracted bipartisan
support in the Congress.

In 1990, the Congress passed the International
Fissile Material and Warhead Control Act (H.R.
4739, Part D of the National Defense Authoriza-
tion Act for Fiscal Year 1991). With a view
toward future arms agreements, the International
Fissile Material and Warhead Control Act would
have the President negotiate with the Soviet
Union to achieve agreements on: (1) methods for
verifying future arms control treaties requiring
the dismantlement of nuclear weapons, and (2)
halting production of fissile materials (H.Rept.
101-665, p. 431; Congressional Record, Sept. 11,
1990: H7376).2 The Act urges the President to
convene a mutual technical working group "to
examine and demonstrate cooperative technical
monitoring and inspection arrangements." The

2On August 3, 1990 Senators Kennedy, Wirth, Hatfield,
Kerry, Adams, and Cranston proposed an amendment to the
National Defense Authorization Act of 1991, S. 2884, similar
to provisions in the House bill. The amendment was briefly
debated and approved (Congressional Record, Aug. 3, 1990:
S11861-11863). The Senate and House subsequently approved
their versions of the defense authorization bills.

deadline for the report of the working group was
April 30, 1991.

Committees Potentially Interested
in Disposal

Depending on how they are counted, some
five committees in the House of Representatives
and seven in the Senate have potential interests
that if awakened could substantially involve
Congress in some ten issue areas related to dis-
mantling of warheads, as summarized in Table 2.
Details of related committee jurisdictions and in-
terests appear in Appendix A.

It is of some significance that there is no for-
mal coordinating mechanism for all of these in-
dependent congressional interests. On the other
hand, only a few committees are likely to have a
major interest in this issue. They include the
House and Senate Armed Services Committees,
the House Foreign Affairs Committee, the Senate
Foreign Relations Committee, and the Senate
Committee on Governmental Affairs. However,
any decision to use plutonium as a civil nuclear
fuel in the United States would certainly have to
overcome possible opposition from committees
concerned with the environmental and safety
aspects of plutonium as a nuclear fuel.

On the whole, however, what Congress
might do should future arms agreements refocus
attention on the issue cannot now be predicted.
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Table 2. Summary comparison of Congressional Committee interests relating to disposal of fissile materials from nuclear warheads.
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Chronology

04/30/91 — Due date for report, pursuant to the
International Fissile Material and Warhead
Control Act of 1990, of the President's technical
working group on the feasibility of monitoring
and inspection arrangements for a ban on fissile
material production, dismantling of nuclear war-
heads, and disposal of fissile materials.

09/19/90 — The House passed H.R. 4739 to autho-
rize appropriations for fiscal year 1991 for mili-
tary functions of the Department of Defense, in-
cluding the provisions for U.S.-Soviet negotia-
tions on verification of dismantlement of war-
heads and cutoff of production of fissile materials
for weapons. Chairman Fascell of the House
Committee on Foreign Affairs discussed the idea
in detail. (Congressional Record, pp. H7837-
7838)

08/04/90 — The Senate passed S. 2884, the
National Defense Authorization Act of 1991 in-
cluding the Kennedy amendment.

08/03/90 — Senators Kennedy, Wirth, Hatfield,
Kerry, Adams and Cranston proposed an amend-
ment to S. 2884, the National Defense Authoriza-
tion Act of 1991, which was approved. It urged
formation of a U.S.-Soviet technical working
group to examine the technical basis for verifica-
tion of potential provisions in future arms reduc-
tion agreements, providing for dismantlement of
nuclear weapons and for a halt to further produc-
tion of plutonium and highly enriched uranium
for nuclear weapons. (Congressional Record,
SI1861)
— The House Committee on Armed Services re-
ported the National Defense Authorization Act
for Fiscal Year 1991, H.R. 4739. Part D, the
Internationa] Fissile Material and Warhead
Control Act, would have the President negotiate
with the Soviet Union to achieve agreements:
(1) on methods for verifying future arms control
treaties requiring the dismantlement of nuclear
weapons, and (2) on halting production of fissile
materials. (H.Rept. 101-665, p. 431)

11/29/89 — President Bush signed the defense au-
thorization for FY1990, P.L. 101-189.

11/07/89 — The conference on the defense autho-
rization for FY1990 dropped Section 935 of S. 1352

to require a report to Congress on verification of
possible reactors and report to Congress, and to re-
quire the President to consider inviting the Soviet
Union to participate in the demonstration.
(Congressional Record, Mar. 22,1988: H1003 and
H1023)

08/01/89 — The Senate adopted an amendment
No. 638 (Nunn for Kennedy) to the National
Defense Authorization Act, S. 1352, to provide for
a report on verification procedures for the dis-
mantlement of nuclear warheads and missile ma-
terial monitoring (Congressional Record, S9299).
S.I352 was passed by the Senate on August 2,
1989.

01/24/89 — Representative Leach introduced H.J.
Res. 92 to provide for contribution by the United
States, the Soviet Union, and other states of nu-
clear material recovered from warheads under
arms control treaties for use for peaceful nuclear
programs under the auspices of the IAEA.

06/08/88 — Representative Leach introduced J.J.
Res. 588 to provide for the contribution by the
United States, the Soviet Union, and other states
of nuclear material recovered from warheads un-
der arms control treaties for use for peaceful nu-
clear programs under the auspices of the IAEA,
particularly to benefit developing states that are
parties to the Treaty on the Nonproliferation of
Nuclear Weapons.

05/03/88 — House agreed to an amendment to the
Defense Authorization (H.R.4264, Morrison) that
directs the Secretary of Energy to formulate a
plan to demonstrate the technical feasibility of
burning weapons grade nuclear materials from
dismantled nuclear weapons in a liquid metal re-
actor. (Congressional Record, May 3, 1988:
H2872)

04/08/88 — Vienna. The IAEA received letters
from USSR General Secretary Gorbachev and
U.S. President Reagan responding to IAEA direc-
tor general Hans Blix' offer of its safeguards ex-
perience for verification of the INF. General
Secretary Gorbachev wrote that the USSR would
"consider it useful to draw upon the Agency's ver-
ification experience." President Reagan reiter-
ated the importance to the U.S. Government of
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the continued effectiveness of the agency and its
work, including safeguards, but did not mention
its possible usefulness for arms control.

04/88 — Moscow. An article by Lev Feoktistov,
corresponding member of the USSR Academy of
Sciences and deputy director of the Atomic Energy
Institute, mentions calculations showing that a
reduction of 2500 warheads wi'l make possible
the use of 5 to 10 tons of plutoni jm and 50 to 100
tons of 90% enriched uranium (or peaceful needs,
a saving of more than 1000 million rubles. (APN
Military Bulletin, April 1988: r/-8, In Foreign
Broadcast Information Service, JPRS-OTND-88-
005-L, May 27,1988:3)

03/22/88 — Representatives S. Morrson, Swift,
and Chandler introduced H.R. 4224 to have the
DOE demonstrate burning of warhead nuclear ma-
terials in its reactors and report to Congress, and
to require the President to consider inviting the
Soviet Union to participate in the demonstration.
(Congressional Record, Mar. 22, 1988: H1003 and
HI 023)

02/16/88 — Washington. The Federation of
American Scientists argued against the view of
the Administration that the dismantlement of
warheads is not a practical goal for nuclear arms
control, making three points: (1) verification of
warhead dismantlement would not have to ex-
pose U.S. secrets to Soviet inspectors; (2) the

plutonium need not be used as fuel for power, but
could be contaminated with fission products (and
presumably stored indefinitely); and (3) the
USSR has expressed willingness to agree to nego-
tiate to end production of new fissile materials
for nuclear weapons (FAS statement).

01/26/88 — Washington. At a hearing on the
INF treaty by the Senate Foreign Relations
Committee, Senator Helms assailed American
negotiators for concluding an accord that does not
require the destruction of missile warheads (New
York Times, Jan. 27,1988: Al). !n his prepared
statement, he said: "The administration has.
given the American people the impression that
this treaty reduces nuclear weapons.. .But the
truth is that not a single nuclear weapon will be
destroyed under the terms of this treaty. The
treaty specifically exempts nuclear warheads
and the associated guidance from destruction,
on both sides."

12/10/87 — Vienna. Plutonium and highly en-
riched uranium that might be removed from nu-
clear weapons through disarmament should even-
tually be best used for the production of electric-
ity, said IAEA Director General Dr. Hans Blix, in
an interview with Soviet Radio and Television.
(IAEA press release Dec. 10,1987)

12/08/87 — The United States and the USSR
signed the INF treaty.
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Appendix A.
Notable Nuclear Interests of Congressional Committees

Interest Committee

All energy research development
and demonstration.

Cooperation in nuclear and non-
nuclear energy.

Export and foreign trade
production; export controls.

Export controls, including non-
proliferation of nuclear technology
and nuclear hardware.

International aspects of nuclear energy
including nuclear transfer policy.

International terrorism.

Military applications of nuclear
energy, including related research
and development.

National security and scientific
developments affecting foreign policy;
strategic planning and agreements;
Arms Control and Disarmament Agency
and all aspects of disarmament proposals
and concepts.

House Science, Space and
Technology Committee.

Subcommittee on International
Scientific Cooperation, House
Committee on Science, Space and
Technology.

Senate Committee on Banking,
Housing and Urban Affairs.

House Foreign Affairs Committee.

Senate Foreign Relations Committee.

Subcommittee on Arms Control,
International Security and Science,
House Foreign Affairs Committee.

Subcommittee on Procurement and
Military Nuclear Systems, House Armed
Services Committee.

Subcommittee on Arms Control,
International Security and Science,
House Foreign Affairs Committee.

National security aspects of nuclear energy. Senate Armed Services Committee.

Non-military development of nuclear
energy.

Senate Energy and Natural Resources
Committee.
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Interest Committee

Non-military environmental regulation
of nuclear energy.

Nuclear and non-nuclear energy.

Subcommittee on Nuclear Regulation, Senate
Environment and Public Works Committee.

Subcommittee on International Scientific
Cooperation, House Science, Space and
Technology Committee.

Nuclear and non-nuclear energy
commercialization projects; nuclear
fuel cycle policy.

Oceans and international environmental scien-
tific affairs as they relate to foreign policy.

Ocean dumping.

Subcommittee on Energy Research and
Development, Senate Energy and Natural
Resources Committee.

Senate Foreign Relations Committee.

Senate Environment and Public Works
committee.

Organization and management of the
United States nuclear export policy.

Regulation of nuclear facilities; al! laws,
programs, and government activities affecting
such matters and nuclear energy.

Regulation of the domestic nuclear energy
industry; special oversight functions for non-
military nuclear energy and research and
development, including disposal of nuclear
waste.

Senate Governmental Affairs Committee.

Subcommittee on Energy and Power,
House Energy and Commerce Committee.

Subcommittee on Energy and the Environment,
House Interior and Insular Affairs Committee.

Security aspects of nuclear technological
materials.

Subcommittee on Arms Control, International
Security and Science, House Foreign Affairs
Committee.

Special oversight for "international
arms control and disarmament."

House Armed Services Committee.

Trade and economic aspects of nuclear
technology and materials.

Transportation programs of the
Department of Energy.

United Nations and affiliated
organizations.

Subcommittee on International Economic
Policy and Trade, House Foreign Affairs
Committee.

Subcommittee on Transportation, Aviation and
Materials, House Science, Space and Technology.

Senate Foreign Relations Committee.

Source: Congressional Staff Directory 1989 W.H.D. 2/14/91
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Discussion

This section is based on an edited transcript of the recorded discussions that followed the pre-
sentation of each paper and on the general comments at the conclusion of the session. This material is
included to provide the reader with some information about the issues that concerned the audience. No
attempt was made to identify those who offered comments or asked questions. The comments, questions,
and answers were heavily edited when the recording or the context of the issue being discussed was not
clear. 1 apologize for any mistakes that might have changed the intended meaning or emphasis.

Discussion following L. Charles Hebel's talk:
The Opportunity to Limit and Reduce Inventories
of Fissionable Weapon Materials

Question: One question on a number you gave us. You gave the number of 4000 warheads deployed
for the Soviet Union's Anti-Ballistic Missile system?

Hebel: That is correct. The reference for that number is the Nuclear Weapons Data Handbook,
Vol. 4.

Comment: That number strikes me as high by an order of magnitude; at the most, they have a
hundred launchers.

Hebel: You have to realize that they've planned for reload. You have to take reload and
spares into account. I can't verify the accuracy of this estimate; I simply note that it
doesn't differ from others. I've asked people who are in the business and they say, "If
you include the reloads and planning for the future, it's not an unlikely number." But
whether it's 4000 or 2000, it's certainly greater than a few hundred. AH right? That's
the best information that's available based on the open literature.

Comment: That comes to forty warheads per launcher.

Hebei: That is a remarkable number, and that's one of the problems with the open literature.

In fact, this is a very good illustration of the problems with the open literature.

Question: Have you considered tritium at all?

Hebel: Yes, that's a subject for another discussion. Certainly each regime can be made
consistent with tritium production.
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Discussion following Uri Gaf s talk:
The Molten Salt Reactor Option for Beneficial Use
of Fissile Material from Dismantled Weapons

Question:

Gat:

Question:

Gat:

Question:

Gat:

The international implications of what you say are very important, and I have two
related questions: one, are you familiar with the work in France by Lequoc and others?
Second, what do you know about Soviet capabilities to be able to invoke a system like
this?

"Lequoc"—I guess the easiest thing is to say that if s due to i-equoc that I'm here, so
while I've never met him personally—we always pass one another—we know about one
another. I must add that he's more active on the political scene than on the
development scene. There is a program in Russia, and they have been pushing for a
cooperative agreement with us. They offered to come to the U.S. to talk about molten
salt reactors. They apparently have an in-pile loop. A person by the name of Novikoff
at the Kurchatov Institute has made a presentation. They have a program, but it seems
to be mostly in the academic regimes, similar to what we have here. There are few
people here who are enthusiastic about it, and I like to think they know about it
There's a lot of hesitation. The problem, of course, is that the climate is not right to
introduce another kind of reactor right now unless there is a compelling reason. And it
seems to be similar in Russia, but there are few of us here who would like to cooperate
with the Russians. The Oak Ridge National Laboratory (ORNL) has the most
knowledge about molten salt reactors. There's some interest in Japan, France (you
mentioned Lequoc), and Germany did work. (/, by the way, didn't work on molten salt
reactors at ORNL; I worked on them in Germany—on the Molten Salt Epithermal-
MOSEL Reactor.)

You've laid out the advantages for the molten salt reactor. Are there any
disadvantages?

I'm glad you asked!

For example, you've got liquid everywhere and liquids leak. There's a lot of
radioactivity associated with this system. You're always going to have a minimal
level, because you can't burn it all up. You'll make some technicium 99; you'll make
some iodine 129. Are there any disadvantages to this? We have had the concept now
for twenty years or more—why hasn't it ever gone anywhere?

To answer you specifically, yes, a fission reactor has fission products. The molten salt
reactor in its processing can bring those fission products to the most advantageous form
that you can think of. You cannot avoid the fission products. You can burn some of the
actinides—recycle them. You can form, shape, stabilize, and fix them; whatever you
want; whatever is most acceptable. Another thing is that they are separate from the
fuel, so you don't have to compromise—you optimize. With the fuel located elsewhere,
we need to do some rethinking, and that would be my answer also to your other question:
people haven't done their rethinking sufficiently. When the molten salt reactor was
discontinued, the emphasis was on breeding. That was at the time when EBR-] came
out, and we needed a breeder a week. One gigawatt a week for the next twenty years.
There are some common stories about problems in the molten salt reactors—there were
questions about materials, corrosion, which are considered resolved. This is, however,
not well known, because that was one of the ultimate results after the program was
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finished. There is a problem with the graphite swelling—that limits the power
density—however, the fuel in the molten salt reactor is relatively low in terms of
kilograms per megawatt. One kilogram per megawatt, roughly. Production of tritium
is an issue that you can talk about for a long time, but it's really an issue only if you
insist on breeding; and it could become an issue for proliferation. Remote technology—
there has been so much development that this is probably not an issue anymore. There
was an issue of toxicity, but that's really not a very severe problem, because if you add
that on top of the radioactivity, it's a non-issue. Processing is an issue, which needs
development—no question about that. The leaks, again, are not a big issue. You put
down a pan, and you catch the liquid. The biggest problem is if it freezes, then you need
to chisel it off, or heat it up. You need to keep those pipes and pots heated with trace
heaters, so you can pump it. You don't need to have any mechanical dealings with
those things.
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Discussion following John Taylor's talk:
Disposal of Fissionable Material
from Dismantled Nuclear Weapons

Question: Are there any utilities that would be happy to have plutonium from weapons in their
fuel on a continuing basis?

Taylor- No, the industry would not. Thaf s the point that I was trying to make. The proposal
here is—and it's mine, I mean it's not any official proposal of any kind—that the
government take steps to dilute the plutonium.

Comment: I understand that, nevertheless, the fuel that will be delivered to every utility would
contain plutonium.

Taylor: My answer to that would be that they have done it before in a small reloads in the
days where the economics of recycle looked substantially more favorable. Several
commercial utility companies have recycled mixed uranium/plutonium/oxide in their
reactors.

Question: Would you be prepared to export such fuel if it was competitive with the commercial
supply of fuel and presuming it would be used on a commercial basis?

Taylor: In the U.S. today, there's no incentive to invest in developing a commercial
uranium/plutonium recycie capacity for the existing power reactors. Therefore, there'd
be no incentive to export. In France and Japan, these processes are still proceeding
commercially, and they're very willing to provide such services. If there's no incentive
of any kind and if the work presented here simply confirms that we don't see the
economics to be sufficiently good to change that position, this would be strictly a service
by the power industry to the government to get rid of plutonium from weapons.

Question: The estimate of $1200 per kilogram for indifference—now that is indifference to whom?
To the power industry?

Taylor: Well, it's a breakeven. Right.

Question: Have you done the calculations to determine if it costs more than that, where it pays
the government to do this anyway because of the cost of alternative ways of getting rid
of the plutonium. How would those costs compare with paying whatever it was over
the $1200 per kilogram to subsidize disposing of it?

Taylor: If the government chose the disposal vehicle to be a reactor, it would still probably be
the most economical for the government to use existing reactors—not to build a separate
one.

Question: Subsidizing the difference between that and $1200 per kilogram?

Taylor: They would have to subsidize the difference.
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Discussion following David Albright's talk:
Safely Disposing and Controlling the Various Forms
of Excess Military Plutonium

Comment: I don't think we should overestimate this problem, because Britain has, I think, 50 or
certainly more than 40 tons of plutonium in stock, which is verified and safeguarded by
its national agencies, and the total amount of material you were talking about is imybe
100 or 200 tons, which is only a factor of 4 or 5.

Albright: In the interim.

Comment: I think it's important to differentiate between the issue of safeguarding plutonium from
non-nuclear weapons states versus the type of plutonium that you might have to deal
with under arms control treaty reductions between the nuclear weapons states,
particularly United States and Soviet Union. The question is whether you can denature
your plutonium. Basically, you have to take into consideration the fact that the
United States goes to great expense and complexity to avoid plutonium being denatured
during the production process. It defines and produces something called weapons-grade
plutonium, which is clearly not of the type you're talking about in terms of the reactor-
grade plutonium or in terms of what could be done by recycling (shoveling the
plutonium back to the reactors). If s probably not unreasonable just to estimate from
public information, calculations, and so forth, that none of the weapons in the United
States inventory has or is likely to have any plutonium less than weapons-grade in its
constituency. So I think you have to be very careful when you say that plutonium can't
be denatured, because, from the viewpoint of a nuclear weapons state, where we're
talking about arms-control treaties, obligations, commitments, reductions, and so
forth—it might be a very effective way of preventing this material from being used
again in any effective weapons systems. It is a different situation to try to safeguard
and protect against diversion of plutonium to other non-nuclear weapons states.

Albright: My standard reply to this is in two parts: one part addresses the reactor-grade
plutonium that IF 'early harder to use in a weapon than weapons-grade material. The
information that seldon had declassified shows that, if the Trinity device had
reactor-grade plutonium and nothing else was changed, it would have had one kiloton
as a yield. And that's the point at which the fission reaction would have started just
as it went critical. The other part of my answer addresses weapons-grade plutonium: I
agree with you that it is harder io use, but 1 think at the same time, with their
knowledge of weapons design, it's mainly introducing manufacturing difficulties. This
might lengthen the time needed to be able to use it, but this is not anything that they
don't know how to deal with—particularly through the use of tritium-boosting and
very fast enclosing systems.
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Discussion following Alexander Sanin's talk:
Some Issues with regard to: Nuclear Warhead Dismantlement
Procedures and Weapon-Grade Fissile Material Reductions within the
Framework of Mutual Nuclear Arms Limitations

Question: The United States government has stopped producing weapons-grade plutonium and
has abandoned all plans to resume production. Your government's expressed an interest
in negotiating on this issue, but as I understand it, you are currently producing weapons-
grade plutonium. And given the surplus that exists in your country, why is that?

Sanin: I would like to make the following statement on this issue. First of all, highly-
enriched uranium has not been produced in the Soviet Union since 1989, and we have
announced that. At present, our program is expected to cease production of weapons-
grade plutonium, and that was announced by Deputy Minister Petrosky. The fact is
that for data on production of plutonium, we can only quote from the sources outside the
Soviet Union. I have no access to data in the Soviet Union. I only can quote literature
sources published in the United States. 1 can quote the Soviets as having agreed to
cease all weapons-grade plutonium production by the year 2000. Three of the reactors
will be closed by 1996, and three other reactors will be closed by the year 2000.

Question: Didn't President Gorbachev at the United Nations in 1989 ask to close off the
production of plutonium?

Sanin: Gorbachev made a statement that the reactors will be closed, but I don't have a concrete
program that I can quote that deals with the closing of the reactors.
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Discussion following Zachary Davis's talk:
The Role of Congress in Future Disposal of Fissile Materials
from Dismantled Nuclear Weapons

Comment: Your discussion of the role of Congress in treaties brings up a question. A treaty is the
law of the land and overrides the other laws. I don't know what happens when it runs
counter to the Constitution. I don't know of a Constitutional debate between treaty law
and the Constitution. We say that they are doing this here and there, but we think
about our environmental law suit system, our appropriations system, and our "concrete
and bricks" building rime-lines—they will have to find some way to write this treaty
almost with no time-lines in it. So it will have to be a good faith effort of some form,
and I don't think that we've tried to write this type of treaty before. Perhaps we have,
and it was probably criticized. Lately, all of the treaties that we are writing have 180
pages of detail that describe where the wrench is and what size is going to be used. You
couldn't provide this level of detail in this case. You're going to have to find a way to
promise to do something without ever stating : "I'm going to go into the high-level
waste in the year 2000," because, if you listened to people here last Friday, there won't
be any high-level waste in the U.S. And I don't think Congress will use the treaty to
override the environmental impact system—they could in principal, by law, but I doubt
they could, politically. So, they will be facing something that they never faced in the
Intermediate-Range Nuclear Force (INF) treaty—something they're not facing in the
Strategic Arms Reductions Treaty (START) today, because they set it aside—that's one
of the reasons they set it aside. We should remember that the system has to work and
that it's bilateral and that we just can't change it. Congress can't say, "Oh, by the way,
we're going to change it." The Soviets will have to accept it. They don't have to accept
it. If you send them back to the table to negotiate again, time goes on and on. I think
there's no way in the current START-I that you can agree to anything except to work on
the problem after START is ratified.

Chairman: Probably true.

Question: I have a naive question: What's the answer to this business of disposing of plutonium
by shooting it into the sun? Since it's such a difficult material, what's wrong with
that? What's the problem?

Gat: The risk is so much larger than anything else that you have been talking about—just

imagine the Challenger accident with plutonium.

Comment: But we're still shooting plutonium into space.

Gat: That's plutonium 238; it's so difficult that it's almost been stopped.
Chairman: It's much, much different quantities. Actually the space disposal option was looked at

for civilian waste as well. There's quite a bit of literature available on that and the
risk analysis associated with it, but, basically, that's the answer to your question— it's
just too risky.
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Davis: I think the point oi Warren Donnelly's comments here is to try and imagine how
anything like this would be characterized on the floor of the Congress. There are
people who have devoted their professional careers over at the U.S. Department of
Energy (DOE) to waste sites, to trying to open a waste site. Really, the prime of their
lives has been dedicated to this one goal, and they can't do it.

Question: Just to continue the naiveness here. There is a problem with having too much of this
stuff in the same place. If you were going to shoot it into outer space or some place, how
much couJd you put on a rocket?

Chairman: You'd probably want to put less than a critical mass.

Comment: So, not very much.

Chairman: You could separate the critical mass but I'd rather not get into that.

Comment: I'd like to address the issue of the weighting factors that Warren Donnelly has
associated with the various considerations of nonproliferation, national security costs,
and political opposition. There are tens to thousands of warheads aimed at U.S. cities,
and I, and many other people, I'm sure would like to get rid of them first. In fact, if
national security is really the main issue here, we want to eliminate, destroy,
dismantle nuclear weapons that can be targeted against U.S. cities. There's always a
possibly of accidents or unauthorized launches and so forth. So this concern over U.S.
cities being hostage to the past arms race is still around. Thus, while we have to keep
in mind that we can't eliminate our focus on nonproliferation, cost, and environmental
issues, I think we have to remember that our main goal is to eliminate nuclea.r weapons.
Something has to be done here to put these considerations into some kind of perspective.

Davis: I think David Albright would probably be better prepared to speak about the balance
between environmental security and national security issues, and if you want, you can
also include economic security issues—other people would. I'm not willing to speculate;
in fact, when Warren Donnelly's speculative desirability chart arrived in the mail, I
was aghast, because methodologically it is so difficult. I think he meant to provoke
exactly the kind of questioning that we're hearing.

Question: I have one question. On this list among the variety of dispositions: particularly for
plutonium—it doesn't list storage? It seems to me, just putting it in the storehouse and
storing it is the most likely one of all. It may not be disposition, in the exact sense of
term.

Comment: It seems to me storage really is the middle option.

Chairman: I very much think that storage is not only what will happen, but what should happen
as we look at this and try to analyze where we and where the Soviets are going. And,
in particular, I think, unilateral storage on each side with declarations is the
appropriate way to go for probably the next few years. I'd also like to say that I
support the ideas that Alexander Sanin suggested on the declarations, not only of the
material, but of the numbers of warheads and the associated missiles. I personally
would like to go even further and suggest that U.S. and U.S.S.R. declare all of the
warheads they have—the related missiles—all of the plutonium and uranium in the
stockpile and in storage. I think we would benefit greatly from the transparency in the
Soviet Union; we would not lose that much in the United States. It would start the
process for what we've been talking about today—the dismantling of warheads and the
ultimate disposition of the fissile materials. And one can claim, "well, that's not
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verifiable," and that's true—it isn't. But the residua! stockpile or the initial stockpile
problem—as I'm addressing it here—is a crucial probiem. What we can do is at least
start the process, and then anybody that did evade would have to start thinking well
ahead of the game, because everything they did subsequently has to be consistent with
their initial declarations.

Davis: I know that is the option that Warren Donnelly favors as well, so it's just an omission
here, or else he meant to steer the argument in that direction.
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General Questions and Comments

Question: When you talk about storage—some of the expositions at this meeting demonstrated a
tremendous thought process that went into the storage aspect of it. Is there any
assurance of what comes out on both sides is equally secure? Could you put it in a deep
cavern of those geologic formations? We put a lot thought into that here in this
country.

Chairman: No, but what I was just speaking to was not necessarily indefinite long-term storage.
That's when you talk about geologic storage, it's usually disposal, and that's usually
meant to be essentially forever. There is always a question of retrieval, but it's planned
as a contingency rather than as a planned event. What I was talking about .s storage
where you would plan at some point in the future to use the material. Maybe it's 10
years, maybe it's 100 years, but I can't imagine that technology can't find a use for that
material.

Question: 1 have a question for John Taylor. Basically you said that the economics of plutonium is
complex, but I'd like to simplify it. If you were the proud owner of the stock of
plutonium today, would you consider that an asset or a liability?

Taylor: Good question.

Question: Someone said it's an asset. Do you think that it's an asset?

Chairman: Eventually.

Taylor: It's more generally an asset. In the range of costs that are projected from activities in
Europe and Japan, it's toward the lower bound, but it's marginally an asset. I would
conclude from looking at this that it is, relatively speaking, still the least expensive
way to get rid of it. You're probably going to pay some premium to get rid of it, against
the pure economic use of the fuel.

Question: I have an observation and question for Mr. Taylor. As one who would like to see what
Weinberg called "the second nuclear era" and the fair and equitable consideration of
nuclear power in the mix of energy technologies in the future, I'm a little bit concerned
about the added burden of plutonium hanging on commercial nuclear power. The
potential popular image is that it would be just an adjunct to the weapons program. One
fear that is prevalent among the public now is that somehow commercial nuclear power
has an unhealthy relationship with the rest of DOE's interests and the weapon's
program. By burning up plutonium and enriched uranium—while the economics may be
there—my observation is: it may hang some further negative baggage on commercial
nuclear power that would further disable it for the future,, in terms of a fair and open-
minded consideration by the public when considering new nuclear power plants. My
question is with regard to the repository design and, hence, it's cost having some
relationship to the buri-up time of the fuel in reactors. What would the Pu-U mixture
do to burn-up time? In other words, what would you see as the bum up time? I think it's
a 10-year assumption now that DOE is making with regard to the design of the
repository. Would it still be 10 years—would it be more or less?

Taylor: Within the range of experience and the calculations, very little difference—
essentially the same. I would like to comment on your earlier observation: you may
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well be right. It's very difficult to make an assessment of public reaction. The reason
for the proposal, of course, was to talk about economical ways to get rid of that
material without particular evaluation of public reaction. However, there could be a
reaction of a more positive nature in the sense that these reactors, which everyone
knows produce weapons material in some form, can help dispose of it. So I'm not sure
myself whether the public reaction would be positive or negative.

Comment: This is addressed to Bill Sutcliffe [Chairman] on the question of declaratory policy. I
am concerned about verification of agreement; I put it very high on my priority list. I
note that in the implementation of the Conventional Forces in Europe (CFE) treaty,
there have been some very serious questions raised about the behavior of the Soviets.
There is also the disparity between the numbers represented to us by our Soviet friend
and the numbers that / am more familiar with. I would like to take it as face value, but
I would demand something as a check.

Chairman: I think that if this became a national policy in both the Soviet Union and the United
States, then Alexander Sanin wouldn't be operating under the existing constraints and
problems. To get the numbers, as he suggested, he had to use our literature. I agree that
there are problems that ^t's not verifiable, and yes, you might discover that a
declaration was wrong, but 1 think that it is a place to start working—just as we are
working at with CFE now. Basically, I think we're better off with the declarations
than without them.

Question: How well does each country know it's own plutonium and highly enriched uranium
inventories?

Chairman: I don't know about the Soviet Union, but the United States keeps very, very good track
of every gram of each material. I mean, the bookkeeping is really there. I don't think
the problem is that one branch of government or working group doesn't always have the
information that another has. The problem has been that the bookkeeping is not used
as a reference and a check in planning. That's been my complaint about it. But as far as
the bookkeeping itself—it's there by law, and it is being done.

Question: But there is a material unaccounted for?

Chairman: Yes, I don't know exactly how that is categorized. We could find cut if it's not
classified.

Question: How can you talk about grams when there were press reports that they found many
pounds of stuff in the ventilation system at Rocky Rats?

Chairman: Again, if you look at the categories of where the stuff is—it's all kept track of in the
various categories, and I don't know under what category that fell. I'm sure that the
material was located al Rocky Flats and that it accumulated over time.

Hebel: I think that your question and the comment of General Giller earlier illustrates how
different it is for the two parties to talk about starting on a process to make themselves,
their citizens, and he rest of the world both more confident about the problem of
"getting to zero." Getting to zero has many features that are almost intractable. That,
if allowed to stand in the way of getting started, may not be in everyone's best interest.
I also think that it is very important for non-governmental organizations to consider
how you would develop a treaty that doesn't detail in every step, how many
screwdrivers, bolts, and nuts there are but still has checkpoints and other devices to
allow both planning and demonstration so that public confidence will grow. This is
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almost a unique problem. There are many essays—passionate essays in the literature—
that don't even consider all the sticky points that you can enumerate on a blackboard in
only a few minutes. I merely did a relatively preliminary study, and it's that thick,
and if you really wanted to do a serious study, it would be even thicker. And thaf s
merely a study. I think that non-governmental organizations have a very important
role to play in keeping the "getting to zero" problem distinct from the "getting started"
problem in developing a process down which the nations can proceed. To some extent,
they have to learn as they go where a reasonable endpoint might be.

Comment: In addition to the possibilities of shooting plutonium into space and dispersing it in the
ocean, one thing I also expected to be part of the disposition list is the idea of directly
using the Nevada Test Site for some sort of disposal: either in a direct burial or in the
tunnel tests. That is taking excess plutonium, dispersing it around the Site, and
actually vitrifying it and glassifying it permanently (obviously at less than critical
mass).

Chairman: Unfortunately, the paper that was withdrawn by C. H. Bloomster et al., from Battelle-
Pacific Northwest Laboratory did look at exploding the material as a possible option,
and I'm going to try and get that paper—it's an unclassified paper—as part of the
things that we may publish, but in any case, sooner or later they will come out with it,
and look at all the possibilities.

Question: This explosion, do you think there's a possibility of disposing of plutonium this way?

Chairman: It was considered and so were the possibilities of disposal in the holes or tunnels.

Comment: Let me mention that we can't even get permission to put gram quantities of TRU waste in
granite, much less several metric tons in tuff. Part of the problem is environmental
acceptability. Let me address an issue that previous speakers raised: we are focusing
on the goal of "getting to zero," and 1 have no disagreement with that as in the
scatological time frame. It's not clear to me that in the near term that this really is the
right goal. I think before we embark on something like that, we need to know what the
real goal should be. Particularly in view of the fact that there are large uncertainties
in our ability to verify initial stockpiles. Those uncertainties are not percentages.
Those uncertainties are metric tons or kilograms—however you want to measure it—and
they will remain. And so the uncertainty today is the same number of metric tons or
kilograms we will have in twenty-five or thirty or fifty years. You translate that in
some number of warheads right now with 20,000 warheads in the stockpile, or
whatever the right numbers are—a few hundred here and there is no big deal. Bui in
fifty years, when nobody has any warheads, the uncertainty of a hundred warheads
could be incredible. And that problem has to be addressed at the outset, and has to be
addressed as we set the goals. I'm not trying to say we don't want to get rid oi: nuclear
weapons, but I don't think that's fair as a goal of the syrtern today.

Chairman: I agree. Comments? Questions?

Question: I don't know whether this is in proper forum or not, but the International Atomic Energy
Agency (IAEA) has been mentioned a number of times as an inspection agency, and we've
recently had an experience with Iraq and the IAEA inspection, which we essentially
said had been useless. 1 wonder, is there anybody who could comment on that? What's
wrong with the IAEA system that we can't fix.
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Chairman: I don't know if I want to defend the IAEA, I've been a critic often enough as far as
people just blatantly saying "IAEA procedures will take care of the verification." They
don't have the manpower, the training, etc., or the funds, and so my criticism has
always been: you had better look at what the IAEA's resources will need to be before
you throw the verification task at them.

Question: The 1AE^ inspected Iraqi reactors in November 1990. Pronounced that there was no
evidence of any diversion of materials to improper use. I know of no evidence that what
they said was incorrect. I would like to ask if there is any evidence that they were
improper?

Comment: They looked under the lamppost, and they found what was under the lamppost. They
had hidden 12 kilograms of uranium.

Comment: Yes, they still have that, but that doesn't answer the question of whether or not there's

a proliferation risk involved.

Question: Where is the proliferation risk?

Comment: Well, there have bee.: a number of assertions ranging from centrifuge technology to

other production means.

Question: Where is the evidence?

Comment: Well, if there is evidence, it's probably classified.
Comment: There is evidence. There is evidence that some steel that seemed to be of the form

appropriate for centrifuge was picked up at Zurich in the summer.
Comment: The point is that the IAEA inspection did not look at that.

Comment: They are not forbidden to build centrifuge plants. Holland has a functioning centrifuge
plant, which is inspected by the IAEA. If they had a centrifuge plant, then it would be
appropriate for the board of directors of IAEA to say there's to be a special inspection.
Even if they had the beginnings of a centrifuge plant, it is not a safeguarded facility
until it has nuclear fuel in it. And there's no evidence whatsoever that they have a
functioning centrifuge plant with nuclear fuel.

Albright: I think the agency does a good job in verifying various agreements. In the cases of Iraq
and also in verifying of bilateral cutoff, there are certain national security concerns of
the United States that the agency just isn't really capable of satisfying. In fact, when
we wrotf.' legislation on the cutoff, there was strong Congressional opposition to having
the IAEA solely responsible for verification, because it felt that—or members felt that
with reference to Soviet-civilian reprocessing plants—that we should do our own
bilateral inspections and set up a system so that we know it's our people telling us that
there isn't any concern. And, in the case of Iraq I personally think a lot of the threat
about that fuel was exaggerated. The agency did its job, but there's now the open issue
that the fuel's been moved, and that's one of the reasons why there's no radiation from
the reactors. And one of the issues confronting the agency now is: when is Iraq going to
say where that fuel is? Or will they say where the fuel is, fearing that the L'.S.
Intelligence will figure it out and bomb it? I think that's a subjective issue
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that's going to have to be dealt with fairly soon, and hopefully, it won't damage the
Agency. But I think in general what the Agency has done is verify agreements and do
basically just what it set out to do, and I don't think we should demand that it do more
than that, and certainly, national security questions are not in the Agency's realm.

Comment: The reactor that was bombed was, in fact, the reactor that was inspected. There was
not any reprocessing facility, and I know of no reason for bombing that reactor.

Chairman: That's not the topic being discussed here.

Comment: I think you can separate clearly. The IAEA is a cooperative enterprise. It's a way for
me to demonstrate that I'm complying. It's not a way for you to discover that I'm not
complying, so it's a very different kind of a structure. I think it does an admirable job on
what it does.

Hebel: This subject is often discussed as if it had to be either a bilateral set of monitoring
procedures or an IAEA set of procedures. If you look at the problem hard and take into
account the concerns that both parties will have for covert production and the need to
monitor the destruction of warheads—neither one of which the IAEA is at present
well-versed to consider, not to mention the need for additional resources, it would be
much more sensible to consider a different model.

Chairman: Sidney Graybeal has an announcement, and we've come to the end of our time.

Graybeal: Yes, I am the Chairman of the Committee on Science and National Security, and I have
two points to make: First, I want to thank Milo Nordyke and Bill Sutcliffe for setting
up this session, which has been one of the most informative and one of the highlights of
our forum at this Annual meeting. Second, I want to remind you that our committee
conducts an open forum at every Annual meeting. The purpose of this forum is to solicit
constructive criticism from anyone in the audience on how we can improve our program
and the functions of our committee. You are cordially invited to attend this forum.
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