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Introduction 
In this paper, I discuss the principal ideas 

that I covered in my presentation on December 8, 
1993, at the Future of Foreign Nuclear Materials 
Symposium held by the Naval Postgraduate 
School in Monterey, California. I was asked to 
discuss issues related to military inventories of 
plutonium, and I took this opportunity to describe 
a possible declaratory regime that could encom- 
pass military as well as civilian inventories of 

The "new" in the title does not imply that 
plutonium. 

the regime discussed here is an original idea. 
Rather, the regime will be "new," when it is 
adopted. The regime proposed here and in other 
works (eg., Sutcliffe, 1991, and Cochran and 
Paine, 1991) is one in which all stocks of nuclear 
weapons and materials are declared. Originally, 
declarations were proposed as a traditional arms 
control measure. Here, declarations are proposed 

to support the prevention of misuse of nuclear 
weapons and materials, including support for the 
nonproliferation regime. In the following, I 
discuss: 

Worldwide inventories of nuclear 
weapons and materials, including the fact that 
military plutonium must be viewed as part of 
that worldwide inventory. 

rials, including the various stages from the cre 
ation of nuclear materials for weapons through 
deployment and retirement of weapons to the 
final disposition of the materials. 

Mechanisms for making declarations. 
Risks and benefits to be derived from 

Possibilities for supporting evidence or 

Life cycles of nuclear weapons and mate- 

declarations. 

verification. 

Military Inventories of Fissile Materials 
The inventories of nuclear weapons and mili- 

tary nuclear materials in the US and the former 
Soviet Union have been estimated by Cochran, et. 
al. (1984, 1989). Recently, Albright, Berkhout, 
and Walker (1993) estimated worldwide stocks of 
nuclear weapons, plutonium, and highly enriched 
uranium (HEU), including military stocks. For 
our purposes, it is sufficient to note that by far the 
greatest inventories of weapons and materials are 
held by the US and Russia; substantial amounts 
are also held by the other nuclear weapons 
states: Britain, France, and China; and small but 
worrisome inventories are assumed to be held by 
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Israel, India, and Pakistan. Furthermore, at 
least as worrisome is the fact that other countries 
such as North Korea, Iran, and Iraq might possess 
or obtain nuclear materials for weapons. 

Concern about nuclear weapons depends more 
on location or ownership than the numbers shown 
in Table 1. Albright, Berkhout, and Walker 
(1993) estimate that the US plutonium inventory 
contains an additional 152 MT of reactor- and 
fuel-grade plutonium, and that the UK inventory 
contains an additional 7.6 MT of fuel-grade 
plutonium. 



Table 1. Estimates of worldwide inventones of nuclear weapons, plutonium, and HEU 
by Albright, Berkhout, and Walker (1993). 

Nuclear Highly enriched 
country warheads Plutonillm (rn) Uranim(rn) 

~~~ ~ ~~ 

United States 10,00&20,000 90-104 500-600 
Former Soviet Union 20,000-30,000 100 -150 520-920 
United Kingdom 200-300 2.1-3.5 5-15 

France 500-600 4.5-7.5 10-20 

China 300-900 1-4 6-18 
Israel 55-95 140-590 kg - 
India 20-601 115-360 kg ? 
Pakistan 4-6? ? 130-220 kg 

The International Atomic Energy Agency 
(IAEA) defines significant quantities of nuclear 
materials as 8 kg for plutonium and 15 kg for 
HEU. Clearly there would be concern if these 
amounts were unaccounted for in non-nuclear 
weapons states, but it would be unrealistic to 
attempt to reduce the uncertainties in the US and 
Russian inventories to this level at this time. 

As a practical matter, in the near term, it is 
unlikely that uncertainties in the inventories of 
nudear materials can be reduced below amounts 
of concern because the uncertainty in some inven- 
tories is so large and the amounts of concern are 
relatively small. Declarations are a necessary 
first step in reducing uncertainty in the inven- 
tories of nuclear weapons and materials. They 
are also an important step toward a regime for 
controlling and reducing these inventories. 

The amount of fissile material required for 
military programs depends on the number and 

type of weapons in the deployed and reserve 
stockpiles, the amount and rate of modernization 
(if any), the reserve of nuclear materials for 
military purposes, and the number and projected 
use of naval and production reactors. With the 
end of the Cold War, it is clear that the military 
programs in Russia and the US do not need orders 
of magnitude more nuclear weapons, or fissile 
materials, than the other nuclear powers. 
Survivability (i.e., survivable basing) is more 
important than sheer numbers of weapons. In 
retrospect, it appears that tens of thousands of 
weapons were not necessary for deterrence. 

Questions about the size of stockpile inven- 
tories in the declared nuclear powers and the 
"excess" fissile material in these inventories are 
problematic and lead to questions about the per- 
ceived role, legitimacy, and efficacy of nuclear 
weapons. Such questions, however compelling, 
are beyond the scope of this discussion. 

Civilian Inventories ' 
The issue of military inventories of plutonium 

must be dealt with in the context of all plutonium 
inventories, which include: 200 and 300 MT of 
military plutonium, more than 70 MT of civilian 
separated plutonium, over 700 MT of plutonium in 
civilian spent fuel. In general, all plutonium 
isotopes can sustain a fast (explosive) chain 
reaction. In particular, plutonium separated from 
spent reactor fuel (reactor-grade plutonium) could 
possibly be used to fabricate a nuclear weapon. 

The bare sphere critical mass for reactor-grade 
plutonium is about 13 kg, as compared to about 
11 kg for weapons-grade plutonium. 

reactor-grade plutonium are: 

fission neutrons (Pu240). 

The issues involved in making a weapon from 

Preinitiation resulting from spontaneous 

Heat generated by Pu238. 

of Pu241). 
Radiation from Am241 (a decay product 
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Pu238 produces heat at a rate of 0.56 watt/gram. 
(Pu240 also produces heat at a rate of 0.0075 
watt/gram.) Am241 decays with a half life of 
432 years, giving off a 59.5-keV gamma 36% of 
the time. 

Weapons-grade plutonium is usually defined 
as 67% or less Pu240, with 1% or less of Pu241, 
and over 92% Pu239. Reactor-grade Pu is usually 
considered to contain 20% or more Pu240 [Al- 
bright, Berkhout, and Walker (1993) use 18%], 
about 10% or more Pu241, a few percent Pu242, and 
1% or so of Pu238. The actual numbers for any 
sample of spent fuel depend on the fuel compo- 
sition and the exposure history in the reactor. 

be monitored and protected because: 

with other plutonium isotopes to ensure that it 
cannot be used in a weapon. Mixing plutonium 
with less desirable isotopes or elements might 
complicate and delay the processes of separation 
and fabrication, but could not ensure that a poten- 
tial proliferant would fail to produce a nuclear 
weapon. 

Diluting plutonium with other elements 
is not effective because the chemistry to separate 
plutonium is well known. The ease or difficulty 
of separation is an issue, but the fact remains that 
an organization possessing this material might 
succeed in separating out the plutonium. 

Civilian, as well as military, plutonium must 

Plutonium cannot be mixed or "denatured" 

The radiation barrier provided by spent 
fuel may not be effective after 15 to 20 years of 
cooling. The radiation exposure incurred while 
handling spent fuel depends on the burnup or 
length of time the fuel was in a reactor, the 
length of time it cooled outside the reactor, the 
distance from the fuel, and the shielding em- 
ployed (Lloyd, Sheaffer, and Sutcliffe, 1994). 
Although no proliferating state has chosen to use 
reactor-grade plutonium, the threat of a state or 
subnational organization attempting to use 
reactor-grade plutonium to ,fabricate nuclear 
weapons cannot be ignored. 

Weapons fabrication with HEU is simpler than 
with plutonium in the sense that there are fewer 
spontaneous fission neutrons, and there is less 
concern with radiation exposure and heat gen- 
eration. However, denial to a proliferant is 
easier because HEU can be mixed with natural, 
depleted, or low enriched uranium (LEU) to 
ensure that it cannot be used in a weapon. Also, 
unlike plutonium, HEU currently has an economic 
value because it can be blended to produce LEU for 
reactor fuel. Research reactors that use HEU 
must be monitored and protected or converted to 
use less than 20% enriched uranium. HEU for 
weapons is generally considered to contain at 
least 90% U235. However, IAEA safeguards are 
required for enrichments of 20% or greater. 

HEU must also be monitored and protected. 

Fissile MatenaWeapons Life Cycle 
Enrichment of uranium and separation of 

plutonium are the most demanding and observ- 
able processes; therefore, they should be moni- 
tored to prevent proliferation. Figure 1 assumes 
that all plutonium and HEU from dismantled 
warheads are excess and proceed to some final 
disposition. Monitoring the recycling of warhead 
components requires separate facilities for 
retirement and recycle, or more intrusive moni- 
toring (Fig. 2). If the production facilities, 
including enrichment facilities for uranium and 
separation facilities for plutonium, are declared 
and above ground, most of the monitoring could be 
accomplished by satellite. Monitoring would be 
simpler and more reliable if there were no 
production of fissile materials (Fig. 3). Ensuring 
that plutonium from civilian reactors is not used 
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by the military in the US and Russia would 
require a large number of additional IAEA-type 
inspections and inspectors (Fig. 4). The cost- 
benefit ratio must be evaluated to determine the 
type and number of inspections to be performed. 
As an initial step, all civilian facilities in the 
former Soviet Union should be declared avail- 
able for L4EA inspection, as they are in the US. 

Declaring and monitoring military inven- 
tories are essential because diversion or theft of 
weapons, components, or materials from a nuclear 
weapons program can eliminate some significant 
steps in the acquisition of nuclear weapons 
(Fig. 5). There is concern that if the political, 
social, and economic conditions worsen in Russia, 
theft or misappropriation of nuclear weapons, 
components, or materials could result. 
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Figure 2. Recycling/modernization in the nuclear weapons states complicates the material-weapons 
life cycle. 
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Figure 3. Fissile material production cutoff simplifies the inventories to be declared. 
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Declarations could focus attention on how diversion or "theft? from a nuclear 
program shortens the route for a proliferant. 

Storage and Disposition of Excess 
Fissile Materials 

Limited processing facilities will lead to 
(interim) storage of declared excess fissile 
materials from weapons. Benefits of monitored 
storage include: (1) the assurance that no Pu or 
HEU is lost or stolen, and (2) the opportunity to 
set precedents and standards. The requirements 
for such storage would be, in addition to normal 
accounting and physical projection, a transparent 
monitoring system, which would need to be 
developed, agreed to, tested, and implemented to 
ensure that no military use is made of the fissile 
material. Measurements that have been pro- 
posed for this type bf monitoring are: item count, 
container weight and volume measurements, 
gamma and/or neutron measurements, x-ray 
imaging, and visual inspection. If, as expected, 
some weapon components (pits) are declared 
excess, x-ray imaging or visual inspection would 
have to be carefully devised to avoid the disclo- 
sure of classified information. 

The US is committed to helping (financing) 
the construction of a fissile material storage 
facility in Russia. A new storage facility in the 
US is being discussed. Although there is pluto- 
nium in many forms at various sites in the DOE 
complex, a great deal of plutonium is in the form 

of pits. There is no economic or technical reason 
that pits cannot continue to be stored at Pantex. 
The primary reason and urgency to  move from 
interim storage to  final disposition for kxcess 
materials) is t o  establish Standards and prece- 
dents and to  create a programmatic inertia 
toward an international r ephe  of monitoring and 
controlling all fissile materials. Both the US 
and Russia will likely store pits and plutonium 
(not declared as excess) to support their stock- 
piles of weapons for several years. 

There are many options for excess fissile 
materials from retired warheads, including: 

Recycle: 
- Modem safe warheads. 
- Fuel for naval and tritium production 

reactors. 
Storage (undeclared, declared, or 

monitored): 
- Warheads. 
- Subassemblies. 
- Fissile material components. 
- Bulk or reprocessed fissile materials. 
Turn-in for non-weapon use (reactor fuel): 
- National custody, bilateral or in- 

ternational monitoring. 
- Bilateral custody, bilateral or inter- 

national monitoring. 
- International custody and monitoring. 
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Figure 6. Declarations of Pu inventories should car& over from military to Civilian operations. 

Fission power generation (reactors or 

- Burnup or transmutation (requires 

- Convert to spent fuel. 
Disposal: 
- Geologic disposal (repository, deep 

hole). 
- Other. 

accelerators): 

recycle). 

The sequence leading to final disposition is 
shown in (Fig. 6). The topic of disposition of 
excess fissile materials in general and plutonium 
in .particular, is the subject of several recent 
reports [DOE, 1993; OTA, 1993; Chow and 
Solomon, 1993; NAS/CISAC, 1994 (discussed by 
Prof. Panofsky, chairman of the study com- 
mittee)], and will not be further pursed here. 

Proposed Declaratory Regime 
Initial declarations could include: 

Total amount of HEU. 

Amount of excess plutonium. 
The amount of materials declared excess and 

made available for inspection (monitoring) could 

Number of nuclear weapons in deployed 
and reserve stockpiles. 

Total amount of separated plutonium. 
Amount of excess HEU (if any). 
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be increased as the declaratory regime gains 
acceptance, and as the stockpiles are further 
reduced. 

first or could proceed as mutual unilateral 
declarations. Mutual unilateral declarations 
could be stated by the US in an initial declara-' 
tion (eg, total number of nuclear weapons), and 
Russia would be encouraged by the US to respond 

A sequence of declarations could be agreed to 



with corresponding numbers. The declarations 
could become increasingly detailed as the 
declarer adds some additional information each 
time, and challenges the other side to respond. 
Declarations about stockpiles of nuclear mate- 
rials could parallel declarations about 
warheads. Declarations could be updated 
annually. The difficulties with details and 
definitions should not be insurmountable. 

As of December 7,1993, the US declared 
plutonium inventories at all DOE sites except 
Pantex. The declared numbers will be updated 
periodically when inventory is taken. This is 
starting in the middle of the process suggested 
here. However, such a start is to be welcomed. 

Participation in the declaratory regime could 
be broadened to include all declared nuclear 
weapons states and eventually to be all inclusive. 
Declarations could reduce uncertainties and lead 
to further reductions in the numbers of nuclear 
weapons in the nuclear weapons states, provide 
incentives for regional nuclear disarmament, 
and then provide a basis for international 
monitoring of nuclear weapons and/or total 

nuclear disarmament. The possibility of nuclear 
disarmament depends on a number of issues, such 
as regional and global security, levels of conven- 
tional forces, and disincentives for resorting to 
armed conflict. 

A possible scenario for a declaratory 
regime is: 

The US makes unilateral declarations 
and encourages Russia to respond with similar 
declarations. 

Russia responds, engaging in a series of 
bilateral ' declarations. 

The US and Russia encourage the other 
nuclear weapons states to join in the declaratory 
regime. 

nuclear weapons states could encourage (chal- 
lenge) other states, particularly the undeclared 
nuclear weapons states (India, Israel, and 
Pakistan) to join the regime. 

states become part of a declaratory regime, 
including both military and civilian nuclear 
materials. 

After regional concerns are met, the 

The ultimate goal would be to have all 

Risks and Benefits of Declarations 
Benefits that can be derived from warhead 

Nuclear warhead and materials data: 
- Basis for nonproliferation monitoring. 
- Basis for evaluating arms control 

measures including further reductions. 
Basis for developing arms control 
verification requirements. 
Basis for multilateral arms control 
and reductions or eliminations. 

- Provide information about facilities 
and programs. 

- Contribute to public confidence in an 
open society. 

Possible cooperation in other areas: 
- Nuclear waste management. 
- Environmental restoration. 
- Conversion of nuclearweapons 

Support for the Nuclear Non-Proliferation 

and fissile material declarations include: 

- 

- 

Confidence-building measures: 

facilities. 

Treaty (Article VI) by announcing steadily 
smaller numbers in the stockpiles of the nuclear 
weapons states. 

The issues involved in monitoring declared 
numbers of nuclear weapons and non-excess 
quantities of nuclear materials are not trivial, 
but can probably be managed. In addition to 
cost, these issues include the risk of releasing 
information that might be of value to a pro- 
liferating country or a terrorist group. The ques- 
tion is whether the benefits of monitoring are 
worth the cost. Declarations could mean that: 

Increased security might be required if 
locations of weapons and materials are made 
public. 

- 

Information that is presently classified 
or sensitive might be revealed in the monitoring 
process. 

Much information has already been 
declassified, and additional infor- 
mation is undergoing review, and may 
be declassified. 
A great amount of work on how to 
protect sensitive information has 

In the US, most locations are already 
known and protected. 

- 

- 
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been done already in the context of 
arms control verification. 

Inappropriate decisions might be made 
based on fraudulent or incorrect data: 

- Serious actions that impact national 
security should not be made on the 
basis of unverified declarations 
alone. 

Sumortine Evidence and Verification 
J.J. v 

Measures could be instituted to resolve con- 
cerns about the reliability of the declarations, for 
example: 

Declarations would have to be self: 
consistent. 

Warhead and nuclear materials declara- 
tions would have to be consistent. 

Warhead numbers would have to be 
consistent with the numbers of launch vehicles. 

Agreement on monitoring measures to 
provide a basis for verification could be a condi- 
tion for continued disclosures. 

Additional information could be sought 
and disclosed. For example, production, employ- 
ment, and utility usage records could be disclosed. 

Risk is minimized by a stepby-step process, 
and the fact that declared information becomes 
less relevant with time. For example, old num- 
bers weapons in a stockpile are not as strategi- 
cally important as current numbers. As the series 
of increasingly detailed declarations proceeds, 
any party to the regime that feels threatened can 
stop making declarations (revealing informa- 
tion). As time passes, any vulnerability asso- 
ciated with disclosed information is reduced 
because of the increasing uncertainty about the 
relevance of the information. 

Unilateral measures could be instituted to 
support declarations of nuclear weapons and 
materials. As with declarations, evidence or 
supporting material could be volunteered on a 

unilateral basis with the call for reciprocal 
action by the other members of the regime. This 
type of material could include warhead produc- 
tion and dismantlement records, and HEU and Pu 
production records. 

Unilateral provisions for monitoring could be 
offered with the call for reciprocal action by the 
other members of the regime. Such provisions 
could include: 

and dismantlement facilities. 

cessing facilities. 

Portal-perimeter monitoring of assembly 

Monitoring of closed-reactor and repro- 

. Monitoring of enrichment facilities. 
.We should encourage other states, initially 

the other nuclear weapons states, to release the 
kind of information about weapons, materials, 
and facilities that is unclassified and available 
in the United States. Releasing supporting evi- 
dence for the declarations should be straight- 
forward. In fact, most of this type of information 
is already unclassified and is available in the 
US. A list of this kind of information was 
prepared by Cochran and Paine (1991). 

Offering unilateral monitoring is more 
complex. The benefits are less certain and 
questions as to the legitimacy of monitors, cost, 
etc. must be resolved. However, the US is moving 
in this direction by shrinking the restricted 
(classified) areas at DOE sites and by planning to 
allow monitoring of some excess fissile materials. 

Summary 
All inventories of military and civilian 

nuclear materials should be declared, protected, 
and monitored, including: HEU, separated pluto- 
nium (weapons- and reactor-grade), plutonium in 
unexposed fuel, and plutonium in old spent fuel. 
Because of the possibility of weapons being made 
from reactor-grade plutonium, it is imperative 

that all stocks of civilian plutonium, as well as 
excess military plutonium, be declared and 
monitored. As the declarations proceed, more 
information about the inventories should be 
revealed. Excess inventories of fissile materials 
should be monitored when they are in storage for 
non-military use, and when they are transferred 
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to civilian use and/or disposal. The benefits of 
declarations include the basis for: 

Nonproliferation monitoring. 
Worldwide cooperation in the control of 

Support of the Nuclear Non-Proliferation 

A r m s  control reduction and verification 

nuclear materials. 

Treaty. 

requirements. 

Increased public confidence. 
Risk is minimized by a step-by-step process 

Cooperation on waste management, envi- 
ronmental restoration, and defense conversion. 

and by the fact that the declared information 
becomes less relevant with time. Some unilateral 
evidence and monitoring to support declarations 
could be offered with a call for reciprocity. 
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