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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.
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• 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
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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.
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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.
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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

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



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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Notes and References

1. Since the AAAS session in February 1991, several events have highlighted the considerations
raised in this paper. First, the discovery of a large covert nuclear weapons program in Iraq, as a re-
sult of a vigorous post-Persian-Gulf-War IAEA inspection effort, brought home the dangers of
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.

2. Notwithstanding the breakup of the present Soviet Union, this paper assumes that it is still mean-
ingful to refer to a "Soviet government" in discussing considerations to be negotiated on fissionable
material controls.

3. For a full discussion and a list of references see L. C. Hebel, Limiting and Reducing Inventories of
Fissionable Weapon Materials, to be published by the Stanford Center for International Security
and Arms Control, Stanford, CA.

4. See other papers in this AAAS session concerning fissionable weapon materials issues. For a history
and recent critique concerning a production cutoff, see W. H. Donnelly, Advantages and
Disadvantages of a U.S.-U.S.S.R. Agreement to Eliminate or Restrict Production of Nuclear
Materials for Nuclear Weapons, Report for Senator John Glenn, (Congressional Research Service,
rev. July 1990). See also W. G. Sutcliffe, Warheads and Fissile Materials: Declarations and
Counting,, UCRL-JC-108073, CTS 27-91 (Draft 1991) (Lawrence Livermore National Laboratory,
Livermore,CA, 1991)

5. For the unclassified listings (used by Ref. 3) of nuclear warheads, including those retired since the
mid-1980s whose fissionable materials are still in the stockpile, see the following references:
(a) The Military Balance, 1988-89 by the International Institute for Strategic Studies
(IISS:London, 1989) p. 230.
(b) "Nuclear Weapons," SIPRI Yearbook 1989: World Armaments and Disarmament, (Oxford
University Press, 1989); compare the corresponding article in the 1988 edition.
(c) T. Cochran, W. Arkin, R. Norris, and J. Sands, Nuclear Weapons Databook, Vol. IV, Soviet
Nuclear Weapons (Ballinger, 1989); compare to deployments listed regularly in the Bulletin of the
Atomic Scientists on the inside back cover.

6. In this paper, the term nonproliferation regime refers to the many organizations and the large body
of formal and informal arrangements—treaties, agreements, governmental policies, voluntary
guidelines, etc.—that work together to prevent the diversion of civilian nuclear technology and
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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7. See C. Van Doren and G. Bunn, 'Trogress and Peril at The Fourth NPT Review Conference," Arms
Control Today, October 1990, pp. 8-12. See also W. H. Donnelly, The Nuclear Non-Proliferation
Treaty: Failure of the Fourth Review Conference, CRS Issue Brief IB90092 (Congressional Research
Service, 1990).

Center for Technical Studks on Security, Energy, and Arms Control 19


