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1 . OVERVIEW: PROBLEM, THE NONPROLIFERATION REGIME AND U . S . POLICY,
ASSESSMENT APPROACH AND PROCEDURE, AND MAJOR OBSERVATIONS

The purpose of this volume is to assess the proliferation vulnerabilities of
the present deployment of civilian nuclear-power systems within the current
nonproliferation regime and, in light of their prospective deployment, to
consider technical and Institutional measures and alternatives which may
contribute to an improved regime in which nuclear power could play a signifi-
cant part. An assessment of these measures oust include consideration of
their nonproliferation effectiveness as well as their bearing upon energy
security, and their operational, economic, and political implications. The
nature of these considerations can provide some measure of their likely
acceptability to various nations. While any final assessment of such measures
and alternatives would have to examine the circumstances particular to each
nation, i t is hoped that the more generic assessments conducted here will be
useful in suggesting guidelines for developing an improved nonproliferation
regime which also helps to meet nuclear-energy needs.

Volume II of the NASAP report assesses the proliferation resistance of several
nuclear-power fuel—cycle systems, identifies technical and institutional
measures which could improve their proliferation resistance, and assesses
the technical measures. This volume makes use of the assessment of technical
measures in this assessment of institutional measures. In both cases, the
assessment involves the simultaneous consideration of many variables, tech-
nical and nontechnical, most of them unquantif iable, and an awareness of the
evolutionary nature of fuel cycles and of nuclear programs in other countries.
This awareness includes recognition of the dynamics of nuclear deployment
plans, their relationship to changing national energy policies, and the
commercial, economic, and financial realities of the development of nuclear
energy as a civilian resource.

The principal findings of the proliferation resistance assessment are that all
fuel cycles entail proliferation risks and that there is no absolute technical
"fix." Furthermore, the assessment concludes that there are no nuclear fuel
cycles which can be commercially deployed in the near and mid term which offer
more proliferation resistance than that associated with realizations of the
light—water reactor (LWR) once-through fuel-cycle system, in which enrichment
services are provided under effective controls by a few suppliers and spent
fuel is placed in interim storage facilities under safeguards. Although none
of the advanced reactor concepts which have been examined is without prolifer-
ation vulnerabilities, some appear to have enough potential nonproliferation
advantages to warrant further investigation. However, such systems cannot
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be deployed for many decades, by which time the context for proliferation
concerns and the world nuclear energy regime wil l have changed*

The rest of this chapter provides an overview of the proliferation problem;
the context in which measures and alternatives to deal with this problem were
identified and developed (including current U.S. policy); the approach and
procedure for assessing the i r nonproliferation effectiveness; other factors
affecting the acceptability of these measures; and the major observations
based on th i s assessment.

Chapter 2 , The Current Nonproliferation Regime and an Assessment of Fuel"
Supply Arrangements, outlines the existing nonproliferation regime, including
the Treaty for the Non-Proliferation of Nuclear Weapons (NPT), International
Atomic Energy Agency (IAEA) safeguards, b i l a t e ra l and mult i lateral require-
ments for agreements of cooperation and transfers of technology, and existing
provisions for sanctions for violation of nonproliferation commitments. The
chapter then proceeds to an assessment of various alternatives for providing
assurance of fuel supply in light of this current regime.

Chapter 3 , Assessment of Measures and Alternatives for the Deployment of
Civ i l i an Nuclear Systems, examines a se t of t echn ica l and i n s t i t u t i o n a l
measures and alternatives for various components of once-through and closed
fuel cycles. The components of the once-through fuel cycle assessed are
enrichment services and spent-fuel management; the components of closed fuel
cycles assessed are reprocessing and plutonium management and fast-breeder
reactor (FBR) deployment.

1.1 THE PROBLEM

I t is widely acknowledged tha t the rea l and perceived r i s k s of nuclear
proliferation constitute one of the most serious threats to international
peace and s t ab i l i t y . While there are other routes to nuclear weapons, NASAP's
central concern is that as nuclear-power systems and supporting civil ian
research and development (R&D) ac t iv i t i es become .tiore widespread or as more
advanced systems develop, the i r abuse, whether overt or covert, may provide a
more a t t rac t ive route to a nuclear-weapons capability, whether national or
subnatiotial, than other routes. I t is important, therefore, to ensure that
nuclear-power programs and systems, as they evolve here and abroad, do not
present an a t t rac t ive route, or make significant contributions, to a nuclear-
weapons capability.
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The contribution that nuclear-power programs can make to nuclear—weapons
programs depends upon the presence of sensitive materials and facilities In
the nuclear fuel cycle. Sensitive material i s weapons-usable material;
examples are high—enriched uranium or plutoniura. Sensitive facilities are
those that can produce, or can be easily modified to produce, weapons-usable
material; examples are enrichment or reprocessing plants* The proliferation
risks arise because of the technical similarities between nuclear-power and
nuclear-weapons materials and facilities, and the opportunities for abuse that
those similarities provide.

Admittedly, constructing sensitive facilities in the nuclear fuel cycle with
the intention of abusing them may not constitute the most efficient route to
acquire weapons—usable materials. However, if such facilities already exist,
the additional resources and time required to abuse a civilian program by
diverting sensitive materials may be much less than those required to develop
an independent military program and could allow l i t t l e opportunity for a
timely warning to, or an effective response by, the international community*
Furthermore, the expertise acquired in these facilities can be drawn upon
later for a dedicated weapon? program* To this extent, the existence and
potential abuse of sensitive racilities to obtain weapons-usable materials
represent a proliferation risk.

In light of uncertainties about the adequacy and accessibility of uranium
supplies and in anticipation of growth in demand for nuclear fuel, some
nations are moving toward sensitive fuel-cycle activities, some toward enrich-
ment, and some toward plutonium-based fuel cycles. Some nations are making
the same moves to reduce operational, economic, and political dependency on
foreign nations for supplies of uranium or enrichment services. A number of
nations are concerned with the environmental implications of spent-fuel
storage and disposal. For example, Austria, Belgium, Japan, Sweden, Switzer-
land, and West Germany have statutory requirements linking the licensing of
nuclear-power reactors to demonstrated progress toward solving the waste-
management problem. In some cases, this demonstration has been construed as a
requirement for reprocessing. Moreover, doubts about the- reasons for choices
of less proliferation-resistant fuel-cycle technologies by neighboring nations
may encourage similar choices based on considerations of national security*
In short, some nations have indicated the start of a partial transition from
today's once—through system, a few to recycle and several to fast-breeder
systems, although, according to INFCE estimates, only a small percentage, less
than 5% of the projected installed capacity, is projected to be provided by
FBR's in 2000.

Thus, there are a number of pressures rightly or wrongly influencing nations
to adopt or plan for less proliferation-resistant technologies. Although
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there has been a consistent downward trend in all nuclear energy forecasts for
the past several years so that the wide spread of sensitive materials and
facilities is less imminent, the underlying pressures remain. However,
there are countervailing forces that can alleviate each of these pressures•
Such considerations enter into the development and assessment of measures and
alternatives designed to improve the nonproliferation regime.

Perhaps the most critical pressure to be alleviated is that of security of
supply. Nations assert that the level of their econonic development and
economic Independence is of paramount importance to their political
independence and international influence* In some instances, it appears that
deployment decisions regarding plutonium fuel cycles are being taken for
strategic reasons as well as for conventional commercial and economic
considerations, even though such decisions may not have an appreciable impact
on security of supply for many decades•

Accelerated by the uncertainty of a deteriorating world energy situation, the
uncoordinated expansion of nuclear energy could pose a threat to international
stability. The task is to determine what additional technological and insti-
tutional measures will suggest improvements in the existing international
nonproliferation regime to keep within acceptable bounds the risks that could
accompany the further spread of nuclear-power systems while at the same time
meeting the needs of nations for nuclear energy.

1.2 THE NONPROLIFERATION REGIME AND U.S. POLICY

1.2.1 Evolving Nonproliferation Policies

Concern about the relationship between civilian nuclear-power programs and
the proliferation of nuclear weapons is not new; the issue has been addressed
in various forums since the mid-1940's. Table 1.2-1 chronicles some of the
major events in the history of nuclear-weapons proliferation and the evolu-
tion of U.S. nuclear nonproliferation policy. Throughout, the U.S. has .played
a leading role in promoting an international commitment to honproliferation.
During the period from the close of World War II through the early : 1970's,
U.S. policy evolved from a policy of tight control over nuclear information
and technology to a policy of promoting nuclear development for peaceful
purposes under agreements guaranteeing the civilian use of nuclear technology.
A major development in the evolution of this palley was the NPT, which
involves the acceptance of international safeguards for nuclear development by
NNWS's and their agreement not to acquire or manufacture nuclear weapons or
nuclear explosives, thereby continuing the process of establishing a legal

1-4



D R A F T

Table 1.2-1. Chronology of Events in Nonproliferation

1945 U.S. detonated f i r s t atomic bomb.

1946 Baruch Plan for international control of nuclear ac t iv i t i e s was
submitted to the U.N. but not accepted by the Soviet Union.

1949 U.S.S.R. detonated i t s f i r s t nuclear device.

1952 Britain detonated i t s f i r s t nuclear device.

1953 President Eisenhower presented "Atoms for Peace" i n i t i a t i ve to the
U.N. General Assembly.

1957 IAEA was established under U.N. auspices.

1960 France detonated i t s f i r s t nuclear device.

1961 IAEA adopted the f i r s t international nuclear safeguards system
primarily for material accountability and control.

1964 People's Republic of China detonated i t s f i r s t nuclear device.

1968 NPT is negotiated and opened for signatures.

1970 NPT entered into force.

1974 India detonated i t s f i r s t nuclear device.

1974 Major nuclear suppliers f i r s t met in London to develop guidelines for
the export of nuclear material, equipment, and technology.

1975 Nuclear Suppliers Group was established.

1976 U.S. deferred commercial reprocessing.

1976 U.S. rei terated i t s policy of res t r ic t ing the transfer of sensitive
nuclear f ac i l i t i e s (for reprocessing or enrichment).

1977 U.S. announced continuation of i t s embargo on the transfer of sensi-
tive facil i t ies.

1977 Expansion of U.S. uranium enrichment capacity was proposed.

1977 INFCE was inaugurated".

1978 Nuclear Suppliers Group (NSG) established guidelines (published by the
IAEA in INFCIRC/254) for transfer of nuclear materials, f a c i l i t i e s ,

1 and technologies to be followed by 15 supplier nations.

1978 Nuclear Non-Proliferation Act (NNPA) of 1978, codifying U.S. terms for
nuclear cooperation became law.
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framework and a general climate of opinion against the spread of nuclear
weapons.

Following the Indian nuclear explosion in 1974, the nuclear proliferation
problem—and concomitantly, U.S. nonproliferation policy—took a significant
new turn. In earlier years, the U.S. effort had emphasized a policy directed
at reducing the political incentives for a nation to seek nuclear weapons
while promoting the development of peaceful nuclear activities under appro-
priate safeguards. The latest concern reflects the fact that an increasing
number of nations eithpr already possess or plan to acquire certain nuclear-
power fuel-cycle faci l i t ies that produce or can be used to produce weapons-
usable uranium or plutonium. In response, the U.S. announced i t s decision
to defer commercial reprocessing, to encourage others to exercise caution in
developing a plutonlum-based fuel cycle, and to examine technical and
institutional measures for reducing proliferation risks.

1*2.2 Current U.S. Nonproliferation Policy

The strategy for achieving nonproliferation objectives—preventing the spread
of nuclear weapons to additional countries and minimizing any destabilizing
effects associated with the spread of nuclear technology—has two basic
approaches, reducing incentives for nations to acquire nuclear explosives and
limiting the development of nuclear-weapons capabilities. Reducing incentives
requires the mitigation of international conflicts, appropriate security
guarantees, limits on existing nuclear arsenals, a climate of international
opprobrium toward nations acquiring nuclear weapons, and the existence of
credible sanctions.

The piimary international arrangements by which U.S. policy can affect
nuclear-weapons proliferation include U.S. security relationships with its
a l l i e s ; the NPT, to which over 110 nations are now party; the Treaty of
Tlatelolco and its protocols as they come into force; other agreements for
nuclear-weapons-free zones; the IAEA and attendant safeguards agreements;
bilateral agreements for cooperation and the Nuclear Nonproliferation Act; the
guidelines of the Nuclear Suppliers Group (NSG); and such arms-limiting
efforts as the Strategic Arms Limitation Talks, the Threshold Test lian Treaty,
and the Comprehensive Test Ban negotiations.

Limiting the development of nuclear-weapons capabilities requires strengthen-
ing bilateral and international controls and safeguards while controlling the
spread of fuel cycle facil it ies vulnerable to abuse.
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Because the higher-risk fuel cycles may be viewed as offering more reliable
energy to resource-poor nations, the U.S. is working domestically and inter-
nationally to offer them increased energy security and to make higher-risk
technologies less necessary.

Domestically, the U.S. has deferred, for the near term at least, commercial
speat-fuel reprocessing because i t currently has marginal economic advantages
over, and lower proliferation resistance than, spent-fuel storage. At the
same time, the U.S. is developing more resource-efficient LWR's. Furthermore,
the U.S. fast-breeder program has been restructured to permit research into
more proliferation-resistant systems and institutional arrangements.

Internationally, the U.S. proposed a 2-year study, the International Nuclear
Fuel Cycle Evaluation (INFCE) to address at the technical level measures which
could minimize the danger of the proliferation of nuclear weapons without
jeopardizing the peaceful development of nuclear energy. To improve fuel-
supply assurances, the U.S. has reaffirmed i ts intention to act as a reliable
supplier, has re-opened i ts order books for enrichment services, is expanding
its enrichment capacity, and has explored the concept of an international fuel
bank as a buffer against temporary bilateral supply problems. To provide
greater assurance of adequate spent-fuel storage, the U.S. is working with
other nations toward greater international cooperation in spent-fuel storage.

Additionally, legislation has been proposed by the Administration to permit
the Department of Energy (DOE) to store limited amounts of foreign spent fuel
when such storage would further nonproliferation objectives.

The U.S. is engaged with other suppliers in the development of common export
policies. For example, by observing the NSG guidelines, described in the IAEA
document INFCIRC/254, the U.S. has indicated i t s intention, among other
things, to require physical protection of materials, to restrain the export of
sensitive facilities, and to prohibit the use of exports for nuclear-weapons
purposes.

The U.S. in cooperation with other suppliers is also fostering the development
and deployment of high-density, low-enriched uranium (LEU) as an alternative
to the high-enriched uranium (HEU) that is presently used in research reac-
tors. Adoption of the new fuel has begun.

To help meet energy needs in the most cost-effective manner, the U.S. has
joined other nations in a wide range of ac t iv i t i e s to provide energy
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assistance* These include the development of renewable resources, energy
resource assessments, fossil fuel exploration, and cooperation in energy
technologies.

Negotiations under the auspices of the IAEA toward establishing an interna-
tional convention on physical protection of nuclear materials were recently
completed. The U.S. is also encouraging more nations to become party to the
NPT or to adopt safeguards on a l l peaceful nuclear a c t i v i t i e s , and i s
continuing i ts longstanding policy of strengthening IAEA safeguards through
technical, financial, and diplomatic support*

In short, continued U.S. domestic and international activities have helped
stimulate a growing worldwide awareness of the proliferation problem and,
through INFCE, the cr i t i ca l examination of fuel-cycle options, and have
bought time for the development and implementation of nonproliferation
in i t i a t i ve s . The number of NFT parties is increasing, the Treaty of
Tlatelolco moves closer to fu l l implementation, and the regime of IAEA
safeguards is being strengthened.

1 . 3 APPROACH AND PROCEDURE FOR THE DEVELOPMENT AND ASSESSMENT OF
N0NPR0LIFERATION MEASURES AND ALTERNATIVES

1 . 3 . 1 Approach

Developing and assessing measures to reduce proliferation risks requires the
articulation of principles to be used for establishing 1) the range of mea-
sures and alternatives to be considered, 2) the assessment of the measures and
alternatives in terms of proliferation resistance and other considerations,
and 3) the selection of candidate measures for further consideration.

To establish the range of measures and alternatives to be considered, NASAP
has set its scope to reflect the breadth of the various proliferation vulner-
abilities of present and prospective deployments of the civilian fuel-cycle
systems. The scope of these activities is itself broad; at a minimum,
measures for dealing with assurance of supply, enrichment and spent-fuel
management for once-through fuel cycles, and reprocessing, plutonium
management, and FBR development for closed fuel cycles must be considered* At
the same time, however, NASAP's scope is not so broad as to encompass all the
issues, nuclear and nonnuclear, bearing on nonproliferation. This important
limitation needs to be recognized when viewing NASAP analyses. Nevertheless,
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these assessments have value in suggesting guidance for improving the insti-
tutional regime controlling civilian nuclear activities.

Developing and assessing nonproliferation measures and alternatives require
consideration of policies and attitudes affecting nonproliferation controls
and constraints, and those affecting energy security and assistance* Con-
sideration must be given not only to nuclear development and nonproliferation
concerns, but also to the differing interests of suppliers and consumers, and
of nations with nuclear programs in various stages of development* However,
it is important to note that the development and assessment of measures and
alternatives use a generic approach which depends on the characterization of
general rather than specific national interests*

The principles for developing and selecting these measures must be consistent
with the two basic aspects of the strategy for achieving nonproliferation
objectives already mentioned, namely, to reduce incentives for nations to
acquire nuclear weapons and to limit the development of nuclear-weapons
capabilities. These principles are:

o Any strategy should recognize, utilize, and build on the bases
provided by the NPT and the IAEA safeguards program.

Hew measures to strengthen the institutional regime should be consistent
with the spirit of the NPT to foster and share the benefits of the
peaceful uses of nuclear energy under effective IAEA safeguards and
controls•

o The development of a strategy does not require the resolution of all of
che issues at once*

A strategy should be developed in a manner which allows progress on any
one of the issues where nonproliferation, assurance of supply, and
economic and political considerations suggest that negotiations may
be productive; that is, incremental progress is acceptable. Linking the
issues may slow progress overall and, indeed, halt progress on one issue
because of the difficulties with another*
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Any strategy should be flexible enough to take into account the legit-
imate technology development, economic, and programmatic interests of
suppliers and recipients.

While a policy of denying nations access to the benefits of technology
for which they have a reasonable economic or energy supply need may be
viewed as unacceptable, any transfer of nuclear technology in exchange
for nonproliferation undertakings and safeguards on al l similar facil-
i t ies should also be contingent on technical, economic, and programmatic
needs.

Nuclear-power systems should be designed to avoid contributing to
nuclear-weapons development.

Because a nuclear-power program can be abused to develop a nuclear-
weapons program, the nonproliferation regime should ensure that there
i s a separation of civilian and weapons activities. The abuse of the
c iv i l ian nuclear fuel cycle may be discouraged by increasing the
resources required to divert nuclear-power programs to nuclear-weapons
purposes, by enhancing the detectability of such actions, by creating
consequences of detection that would deter a decision to engage in a
weapons-development program, and by increasing the warning time should
a weapons program be attempted.

Nuclear-power systems, as they evolve, should not significantly enhance
the development of a dedicated nuclear-weapons program for any nation.

Any developments in nuclear-power programs which would reduce the
separation that exists between the current nuclear-power programs and
nuclear-weapons activities should be minimized. The separation exists
by virtue of the technical features of the nuclear-power program and the
institutional features of the nonproliferation regime. A nuclear-power
development which could otherwise reduce the separation technically must
be compensated by an appropriate strengthening of the institutional
regime.

Access to s e n s i t i v e materials and f a c i l i t i e s should be carefully
controlled in order to maximize barriers to proliferation.

Weapons-usable materials and certain specific facil it ies capable of
producing such materials constitute key technical capabilities for
developing nuclear weapons. There must be an appropriately strong
institutional regime governing activities involving access to tech-
nical capabilities. An example would be to place such materials and
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faci l i t ies beyond the control of auy nation by placing them under
effective multinational or international auspices•

1.3.2 Assessment Procedures and Assessment Factors

For the purpose of this assessment, institutional measures relating to fuel-
cycle materials and faci l i t ies are defined as internationally-concerted
activities or arrangements and the broader framework of prevailing procedures
and practices into which these activities or arrangements might fi t . An
example of procedures and practices would be safeguarding of the many ways of
dealing with spent fuel on a national or bilateral basis. An example of
internationally concerted activities or arrangements would be a spent-fuel
storage facility under multinational auspices. A range of measures between
these extremes are developed and assessed in this volume.

A systematic procedure for formulating institutional measures and evaluating
them is made from the dual perspective of nonprolif eration effectiveness
and operational, economic, and political acceptability. This procedure, in
brief, consists of five steps.

Step 1 — Identify the various features of institutional arrangements; the
features include composition, ownership mode, management mode, staffing,
si t ing, and functions performed by the inst i tut ion, as listed in Table
1.3-1.

Table 1.3-1. Features of Institutional Arrangements and Possible
Impacts on Proliferation Resistance

o Composition of the group should incorporate among the partners a genuine
adversity to abuse of the facilities or materials handled by the
institution.

o Ownership by the proper group - - the institution, host nation or its
nationals, or others — can increase cost of abuse and act as a
deterrent.

o Management and staffing can impact the effectiveness of safeguards, the
development and implementation of diversion scenarios and the penalties
of overt diversion or abrogation.

o Siting of sensitive facilities and how many are built affect the
vulnerability to proliferation threats.
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Table 1.3-1. Features of Institutional Arrangements and Possible
Impacts on Proliferation Resistance (continued)

o Functions performed by the institution determine the extensiveness
of the institutional arrangements, the level of organization and the
nonproliferation effectiveness, including:

- Code of conduct for suppliers to harmonize export or other
nonproliferation policies and to improve the predictability
of the supply system to requests for sensitive facilities,
materials, or services;

- Improved safeguards to detect and deter diversion;

- Custody is actual legal and physical control over sensitive
materials and facilities. An institution could have respon-
sibility for ingress and egress of sensitive materials and
personnel without otherwise being involved in facility
ownership, management or operation; and

- Operation of sensitive facilities by an institution.

Step 2 — Identify the proliferation threats to which sensitive materials
and facilities in the fuel cycle are subject; the threats include both covert
and overt diversion, abrogation, and technology transfer, as characterized in
Table 1.3-2.

Table 1.3-2. Proliferation Threats to Nuclear Materials and Facilities

Covert diversion is a long-term activity with small amounts of special
nuclear, material (SNM) taken repetitively so that only cumulatively is a
weapons potential arrived at. The most likely source of this threat
would be the nation hosting the sensitive facility. (SNM includes
uranium enriched in the isotopes U-233 or U-235 or plutonium.)

Overt diversion is the abrupt and overt appropriation of SNM or produc-
tion facilities in order to acquire weapons-usable material. A threat
of seizure of sensitive materials or faci l i t ies is most likely to
arise from the host nation.

Abrogation or withdrawal is an action taken by a nation to free itself
from nonproliferation undertakings involving nuclear materials and
facilities.
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Table 1.3-2 Proliferation Threats to Nuclear Materials and Facilities
(continued)

o Sensitive technology transfer could take place through access to scien-
tific information and engineering technology and to acquisition of
actual operation, design or construction experience as well as through
participation in an institutional arrangement• Technology transfer can
lead to proliferation risk, arising from the potential for the abuse of
information about sensitive facilities.

Step 3 — Assess generically the effectiveness of each feature of the institu-
tional arrangement, that is, their effectiveness without regard to specific
institutional arrangements in reducing the risk of each proliferation threat.

The effectiveness of each institutional feature in reducing the risk of each
proliferation threat is assessed in terms of the following three questions.
First, how does the feature affect the technological, economic, and political
difficulty of abuse of sensitive faci l i t ies in the activities under the
institution? Second, how does the. feature affect the timeliness of the
detection of any abuse? Third, how does the feature affect the ability of the
institution to respond effectively to violations or threatened violation?
The answers to these questions are the basis for a net assessment of the
responsiveness of the institution to each type of threat, and provide some
indication of the intrinsic proliferation resistance oi: the institution*

The extrinsic proliferation resistance, that is , the reduction of pro-
l i fera t ion risks by reducing the number or geographic spread of
nationally-controlled sensitive facilities, of the institution is dependent
upon the ability of the institution to increase the political and economic
pressures against such facilities and thereby discourage their construction,
and to strengthen the capability of the international community to respond to
abuse of any sensitive facilities.

Step 4 — Evaluate the impact of various institutional features on the
operational, economic, and political acceptability of the institution, as
characterized in Table 1.3-3.
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Table 1.3-3. Operational, Economic, and Political Factors

Operational Factors;

o The operational impact of the institution bears most heavily on
decisiotimaking about design, construction and management, and business
and industrial operations.

o Operational efficiency refers to the concern that language barriers,
differences in training quality and work habits, and additional
differences may render a multinational operating staff less cohesive
and efficient than a well trained work force of the same background.

o Construction and procurement refers to the potential politicizing of
the issues for deciding on and distributing construction and procurement
subcontracts because the membership of the institution offers competitive
technologies, labor forces, goals, and schedules.

o Health, safety, and environmental standards involve reconciling differing
national philosophies in these areas and satisfying the host country
particularly about safety design of the plant, insurance, and procedures
for handling waste.

Economic Factors;

o Economies of scale can reduce the cost of unit capacity if worldwide
capacity is concentrated in a few large facilities rather than many small
ones. Engineering economies may be offset by administrative, regulatory,
and transportation diseconomies.

o Domestic economic, impacts are the gains and losses in balance of trade,
employment, technological advancement, and gross national product.

o Financing refers to benefits and limitations of institutional arrange-
ments providing shared financial risk, reduced business risk, access to
wider capital markets, and increased complexity of financial arrangements.

Political Factors;

o Energy security and self-determination refer to the ability of an insti-
tution to extend credible assurance of supply. It includes the degree to
which the institution circumscribes the national prerogative to determine
plant schedules and capacity, the probability that supply contracts will
be honored, and the probability that new supply contracts will be avail-
able as the need arises. Energy independence is a limiting case of
supply security.
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Table 1.3-3. Operational, Economic, and Political Factors
(continued)

o Domestic policies and politics as well as energy security can be affected
by an institution and thereby affect the willingness of nations to
participate in i t . Institutional arrangements may generate domestic
controversy in several ways. They may appear to sacrifice projects or
policy objectives which rightly or wrongly have acquired high symbol-fr-
importance in the domestic political system, such as rapid economic
modernization. They may adversely affect the interests of powerful
factions or groups.

o Foreign participation may be valued as a means of acquiring international
legitimacy for the use of sensitive materials and for alleviating foreign
pressure against national nuclear policies. Participation also offers an
opportunity to demonstrate to regional neighbors the peaceful nature of
one nation's nuclear projects. On the other hand, fuel-cycle policy may
be symbolically associated with regional economic and political leader-
ship or with independence from the hegemonic pretensions of other
nations.

o Nondiscrimination refers to the degree to which an institutional measure
is perceived to minimize differences in eligibility of and manner of
participation by participants.

o Institutional politics, that is , the politics of the institution—which
countries, interests, and economic and political perspectives dominate
the institution—have a direct bearing upon whether the membership
presents a sufficient commitment to nonproliferation and whether it is
possible to fashion the necessary majorities for action to be taken
despite the diversity of political, military, and energy interests
represented.

o Access to technology is an important pol i t ica l consideration for
developing nations.

Step 5 — Synthesize these generic assessments on individual features in the
form of a set of candidate institutional measures and their assessment from
the viewpoint of nonproliferation effectiveness and potential acceptability.

The net result of assessing institutional features according to al l these
factors offers some measure of the acceptability of the inst i tut ion.
Preliminary conclusions balance the results of this evaluation with those
for nonproliferation effectiveness and indicate the kinds of institutional
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arrangements that take into account nonproliferation and operational,
economic, and political interests.

1.4 MAJOR OBSERVATIONS

1.4*1 General Considerations

The fundamental goals of U.S. nonproUf eration policy are to prevent the
spread of nuclear-weapons capabi l i t ies and to minimize the destabil izing
effects of the diffusion of sens i t ive nuclear materials and f a c i l i t i e s . The
problem of stopping or a t l ea s t slowing the further spread of nuclear weapons
i s a complicated t a s k . An adequa te program must address HEU a s wel l as
plutonium, and research as well as power reac to r s . Moreover, such a program
must concern i t s e l f not only with r e s t r i c t i n g sens i t ive materials and f a c i l -
i t i e s , but also with providing both safer subs t i tu tes and the incentives
to accept these subs t i t u t e s , e i ther at an economic benefit or at a minimal
economic sac r i f i ce and on a nondiscriminatory b a s i s . The program must aim to
encourage addi t ional pa r t i e s to pa r t i c ipa t e in , and improve the implementation
of, the in te rna t iona l safeguards systems. F inal ly , i t must deal with the
s t ruc ture of a l l iances and security guarantees, and with the existence of
effect ive sanctions mechanisms that reduce the incentives for nations to
acquire nuclear weapons.

A variety of constraints, poli t ical and inst i tut ional , on international
behavior has combined to keep the proliferation of nuclear weapons well within
the limits some had projected. These constraints include alliance relation-
ships, the current international regime controlling civilian nuclear
activities, and an international climate in which the development of nuclear
weapons is increasingly viewed as not being in the interest of any nation.
However, there is growing concern that there are trends toward increasing
proliferation risks. These trends arise partly because increasing reliance on
nuclear power may be accompanied by a dispersion of sensitive materials and
facilities and the associated potential loss of timely warning. In response,
measures which have a significant likelihood of improving proliferation
resistance have been identified. The measures to be discussed can be sum-
marized by six basic norms for a strengthened international regime designed
to minimize the proliferation risks associated with civilian applications of
nuclear power. These are:

' 1. Use of diversion-resistant forms of materials and facilities
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2. Avoidance of unnecessary sensitive materials and facilities

3. An effective export control system

4. Joint or international control of necessary sensitive materials and
facilities

5. Full-scope safeguards and a timely international system of warning and
response

6. Institutions to ensure the availability of the benefits <*£ nuclear
energy.

The major observations presented here are of two kinds* One kind is based in
part on assessments in other volumes, particularly those in Volume I I , about
the proliferation resistance of various fuel cycles, and in part on the
results of assessments conducted in this volume* The other kind is based on
the identification of government initiatives or approaches that might be
inferred from the assessment findings. The observations are grouped, insofar
as possible, first , by near-term considerations to improve the current regime,
second, by long-term considerations to the same purpose, and last, by the
implications that these observations may have for U.S. programs. On che basis
of these two kinds of observations and their implications, i t is possible to
suggest some general guidelines for developing a U.S. nonproliferation
strategy.

1.4.2 Near-Term Considerations

The primary concern to other nations is security of supply:

o The most pressing need is to re-establish confidence in the current,
supply system which, rightly or wrongly, is perceived by some consumers
to be unreliable. In particular, many see the need for governmental
actions to ensure consistency in the application of export and import
controls, and for mechanisms, such as prior consultation, to manage
changes in nonproliferation policy and to guarantee continuity of supply
during such changes.

1-17



DRAFT

o Common approaches (among suppliers) could help to ensure greater secur-
ity of supply on the basis of existing practices, instruments, and
institutions. These may evolve in the form of joint declarations, codes
of conduct, and other institutions such as stockpiles, cross-guarantees,
and an international nuclear luel bank. (INFB). In addition, mechanisms
to ensure regular intergovernmental consultations on assurance of supply
could be helpful.

For once-through fuel cycles:

o Flexible contracting by the current suppliers, in addition to the
diversification of supply through expected or new supply ventures under
effective international or multinational auspices, would help provide
for greater supply assurance.

o Although existing inst i tut ional measures on enrichment provide a
significant degree of proliferation resistance, these measures should
continue to be strengthened. They include the development, demonstra-
tion, and implementation of IAEA safeguards, the classification and
control of technology export, and the establishment of facilities under
multinational auspices and control.

o Spent fuel should be universally safeguarded in interim storage and
transport. Efforts are needed to make consistent the differing national
licensinj requirements for the storage and transport of spent fuel.
Moreover, internationally agreed-upon standards for safety, and environ-
mental and physical protection need to be applied.

o A growing accumulation of spent fuel in the 1980's requires commitments
soon to ensure cooperative arrangements for adequate spent-fuel storage,
regardless of decisions on reprocessing. The expansion of national
facilities is the most realistic near-term approach for some nations.
Nations could also contemplate providing excess capacity for foreign
spent fuel on a commercial basis.

For closed fuel cycles:

o Reprocessing services offered by large facilities involve fewer pro-
liferation risks than if all those making use of such services were
to operate national f ac i l i t i e s . Additionally, colocation of the
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reprocessing and mixed-oxide (MOX) fuel-fabrication plants may contrib-
ute to a trend towards larger and fewer facilities. Such colocation may
result in fewer nations' possessing sensitive facili t ies, a reduction in
their vulnerability to subnational threats, and more effective implemen-
tation of safeguards.

o New institutional arrangements could evolve to reduce proliferation
risks by bringing existing national reprocessing fac i l i t i e s under
multinational auspices. Such arrangements might provide for participa-
tion of foreign customers in a range of activities which might include
ownership, management, financing, and decisionmaking.

o Existing stocks of separated plutonium are greater than the need for
them* This situation is expected to continue for at least two decades
and creates added proliferation risks* Accordingly, there is a need
for international management of plutonium, preferably extending to all
flows and stocks of plutonium. Impartiality could be ensured if
standard release criteria and conditions releasing plutonium only when
needed and under rigorous safeguards and controls, were developed.

o One approach to the risks of excess plutonium in the future would be to
weigh the costs and benefits of reprocessing and storing plutonium in
various forms against those of deferring reprocessing.

1.4.3 Longer-Term Considerations

In light of uncertainties about uranium availability and long-term energy
demands, some nations may eventually move to a plutonium-based fuel cycle.
Commercial deployment of recycle and fast-breeder facilities in the U.S. has
been deferred because neither the proliferation risks nor the estimated
economics justify early commercialization. Some other nations may adopt the
same policy, deferral of closed fuel cycles, based on their own national
interests. On nonproliferation grounds, nations may wish to adopt a deferral
policy for themselves and to urge i t for other governments. In some cases,
mutual deferral of reprocessing by neighboring nations may reduce concerns
about each other 's proliferation intentions. On security grounds, some
nations may not wish to have separated plutonium in any quantity on their
te r r i tory . Furthermore, on economic grounds, some nations may postpone
further commitments to see how the relative benefits of plutonium fuel cycles
evolve and address their particular circumstances. Finally, for environmental
reasons, some nations may wait to see which of the two waste-disposal routes,
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spent-fuel storage or reprocessed waste, proves to be the more satisfactory,
again in consideration of their particular circumstances.

Other nations may reach different conclusions, not only because they have
different perspectives on uranium availability and capital costs, but also
because they have different judgments on the premium that they may be willing
to pay for energy security. However, assuming rapid deployment beginning in
2000, the fast-breeder fuel cycle would not begin to affect uranium demand
until late in the first quarter of the next century.

For the longer term, nations with developing nuclear-power programs may seek,
increased assurance of their access to technology. Bilateral arrangements
have been the predominant mechanism for such supply to date. Future arrange-
ments could include planning of energy systems, joint industrial undertakings,
and assistance with the development of scientific and engineering infrastruc-
tures and regulatory frameworks.

In many aspects of potential future arrangements, the role of the IAEA will be
pivotal. Improvements in the IAEA safeguards regime for the longer term would
include the development and demonstration of technical measures for fast-
breeder fuel cycles, discussed in Volume II.

For once-through fuel cycles:

o Recent energy projections and enrichment construction schedules indicate
that further expansion of the world's enrichment capacity beyond that
already planned is not needed until after 1995, with the decision to
proceed with the expansion not needed until the mid 1980's. The inter-
vening time should be used to enhance supply assurance through joint
planning for new capacity when a clear need arises, mutual assistance
arrangements, and joint ventures, and to enhance the availability .of
improvements in LWR technology that result in more efficient uranium
utilization.

o Longer-term approaches to cooperative arrangements for spent-fuel
storage include large, safeguarded facilities for nations with advanced
nuclear-power programs. In other cases, technical and economic factors
as well as nonproliferation advantages could make the provision of
facilities under international auspices attractive on a nondiscrimina-
tory basis. These same considerations apply to the development of a few
repositories for the disposal of spent fuel.
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For closed fuel cycles:

The contribution of an international plutonium management regime
could be enhanced if it included the continued international oversight
of all movement and use of plutonium, and could form the nucleus for
placing the back end of the fuel cycle under international auspices.

Institutions for reprocessing services could gradually develop in an
evolutionary way into large regional fuel-cycle centers. This possi-
bility should be taken into account when new facilities are planned.

In a similar fashion, plans for the development of a few repositories
for long-term storage or disposal of spent fuel should also contemplate
providing high-level waste-disposal services.

1.4.4 Implications for U.S. Programs

The timely production and availabili ty of uranium are perceived to be
uncertain by some nations. Considerations to address this concern might
include:

o Initiating a comprehensive program to develop technologies for more
efficient use of the known resource base through the use of reduced
tails and improvements in LWR technology,

o Reducing the uncertainty in the extent and producibility of the domestic
uranium resource base through increased exploration effects,

o Expanding the information base on international uranium reserves with
the help of the Nuclear Energy Agency (NEA) of the Organization for
Economic Cooperation and Development (OECD), the IAEA, financial ins t i -
tutions, and exploratory enterprises;

o Developing and implementing government policies to facilitate orderly
international uranium markets and prevent their future commercial
manipulation, and a system of intergovernmental consultations to
exchange resource estimates and coordinate international production
policies;
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o Building a credible fuel-assurance regime to correct weaknesses in
existing bilateral mechanisms, to encourage unilateral measures such as
supplier fuel stockpiles and multinational arrangements such as cross-
guarantees and pooling arrangements, and to encourage the development of
an INFB with the authority to provide a temporary fuel-supply backup in
the event of a supply interruptions despite a consumer's continue
compliance with nonproliferation norms. It would appear that the U.S.
might have to be willing to transfer control of material deposited with
any such regime.

International institutional arrangements have the potential to address both
nonproliferation concerns and the long-term viabil i ty of nuclear power,
depending on their make-up, manner of operation, and location. NASAP con-
sidered multinational and international arrangements to accommodate enrichment
and reprocessing services as veil as spent-fuel storage and disposal services.
The need for, characterization of, and implications of U.S. participation in
one or more various possible arrangements shaped the following major
observations:

o New enrichment capacity should be under effective multinational or
international auspices. Consideration should now be given to inviting
participation by foreign nations complying with nonproliferation norms
in planned U.S. enrichment facilities. Moreover, planned expansion of
domestic capacity should continue, as should the programs to develop
more proliferation-resistant technology and to develop advanced tech-
nology to provide more economical services.

o Improved institutional arrangements for spent-fuel storage and disposal
services should be pursued. These could include participation in
regional storage facilities under international control as well as
domestic activities. The U.S. should take the steps necessary to solve
the environmental and institutional problems associated with spent-fuel
storage and disposal, and with the offer to accept foreign fuel for
domestic storage. R&D for storage and disposal techniques should be
accelerated. In any case, the arrangements which are needed for
providing spent-fuel storage can leave open for the future the decision
regarding ultimate disposal, whether directly as waste or following
reprocessing to recover fissile values.

o The U.S. should continue to urge others to refrain from developing
reprocessing capability until i t is clearly needed. However, where
reprocessing occurs, there would be less proliferation risk if services
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were provided by a few large f ac i l i t i e s using more proliferation-
resistant technologies, if safeguards were strengthened at a l l
bulk-handling facilities, and if services were supplied on schedules
driven by FBR and advanced reactor R&D needs where there exist both
economic and technical justification*

o The U.S. should participate in the development of an international
plutonium— storage regime in order to ensure that it operates under
effective and credible nonproliferation norms. Considerations should
include criteria for siting of depositories, release, control, and
physical security.

The assessment of international deployment plans emphasizes the need for a
number of technical improvements which should be developed and demonstrated
domestically so that they are available for both domestical and inter-
national implementation, as appropriate. These improvements, discussed in
Volume I I , include such considerations as:

o R&D on technical in i t ia t ives such as coprocessing and on advanced
fast-breeder fuel-cycle technology such as pyrometallurgy

o Developing advanced safeguards techniques, especially for bulk-handling
facilities and transport systems for spent and plutonium fuels. This
recommendation implies strengthening the role of the IAEA and is a
fundamental element of any nonproliferation strategy.

Furthermore, the U.S. should continue to stress full-scope safeguards and work,
to strengthen safeguards and physical protection systems* Finally, to
discourage the spread of sensitive R&D activities, the U.S. should consider
offering to cooperate with other nations in making available the use of large
research reactors, crit ical facilities, and FBR R&D facilities under rigorous
conditions and controls and when the need to nations complying with nonpro-
lif eration norms is clear.

In summary, U.S. policy should continue to be directed toward establishing
a more effective nonprolif eration regime which takes account of the need for
security of energy supply. Critical elements of such an approach Include
enhancing the U.S. image as a reliable source of nuclear-energy assistance to
parties to the NPT and to others who accept full-scope safeguards, expanding
knowledge of and using more efficiently the uranium resource base, ensuring
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reliable fuel supplies, providing alternatives to national reprocessing,
addressing environmental problems of spent-fuel storage and disposal,
strengthening safeguards and inspection activities, and ultimately placing
reprocessing at large facilities under international auspices and control.
However, since these steps cannot ensure that an NNWS does not move closer to
a nuclear-weapons capability, disincentives such as sanctions should also be
investigated.

Sanctions and the threat of sanctions represent an important element of
nonproliferation efforts. Since the threat of terminating energy cooperation
may not always be an effective deterrent, possible sanctions outside the
nuclear area also need consideration. The existing system to verify activi-
ties outside the norms of nuclear conduct and to impose sanctions relies
heavily on multinational and international mechanisms. On the one hand,
i t is unrealistic to expect a broad multinational consensus on the future
automatic imposition of specific sanctions to be applied if a nation engages
in proscribed activities. On the other hand, i t is essential that there be
an international consensus that wide-ranging sanctions appropriate to the
circumstances will be invoked if there is a breach of nonproliferation
obligations. To deal effectively with specific cases when they arise, those
concerned must be prepared to consult on developing specific courses of
action. Developing internationally-agreed guidelines for this procedure would
be useful.

Finally, the discussion of sanctions emphasizes a critical aspect of nonpro-
liferation policy. At the current time, the utilization of nuclear power to
meet growing energy requirements is hampered by differences in national
policies and planning assumptions. This situation does not serve well the
interests of supplier or consumer nations. Moreover, i t does not lead to an
improved nonproliferation regime. Accordingly, an international consensus on
an effective nonproJiteration regime and on nuclear-energy development is
desirable. In this regard, INFCE is a valuable step toward continued develop-
ment of such a consensus In a forum recognizing simultaneously the benefits of
nuclear power and the risks that abuse of its sensitive materials and facil-
i t ies makes possible. The U.S. should seek to maintain this momentum.

1.4.5 Some Guidelines for a U.S. Nonproliferation Strategy

Taking Account of National Interests

Nations' perceptions of the need for, and the effectiveness and acceptability
of, nonproliferation measures vary widely. Accordingly, while a generic
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approach to nonproliferation measures may be useful in several ways, in the
final analysis, the policies and needs of the specific nations influence the
success or failure of those measures* That is , an effective nonproliferation
strategy may have to provide for nation-specific implementation. Thus, any
measure or alternative should consider the multidimensional aspects of factors
influencing nonproliferation concerns, the varying degrees of existing fuel-
cycle deployments, and the range of nation-speciric pressures*

Furthermore, the assessment of some measures and alternatives suggests that
there may be substantial obstacles to their acceptability by other nations and
the availability of means to realize them* Nonetheless, the discussion of
their implications suggests points relevant to the design of feasible measures
and alternatives for an international nonproliferation regime.

Two tasks confront the U.S. in working to foster a world nuclear-power regime
less vulnerable to proliferation. The first task is to limit the damage that
may be done by the proliferation vulnerabilities in the existing regime.
Carrying out this damage-limiting task might entail holding the line against
the spread of spent-fuel reprocessing activities. The second task is to begin
now to move toward a longer-term policy framework for the future use of
nuclear energy, a framework containing fewer proliferation vulnerabilities.
Such a framework would serve as a means of incorporating into a safer set of
possible outcomes the expanding nuclear activities of many nations that today
have programs in various stages of development*

Especially difficult to fulfilling these two tasks wil l be - ensuring that
near-term accommodations are consistent with pursuit of the longer-term
framework. For example, rather than simply "grandfathering in" activities
such as existing enrichment R&D or existing commercial spent-fuel repro-
cessing, it may be necessary to think, in terms of arrangements whereby shifts
away from U.S. preferences would be compensated for by changes elsewhere*
Even if such consistency were unobtainable in a l l cases, i t need not be
dropped as a guiding principle to help avoid unnecessary compromise. Nonethe-
less , the possible difficulties in ensuring such consistency between near-term
accommodation and long-term framework building suggest that any policy
framework will be a mixture, rather than a more conceptually elegant and
interlocking set, of possible alternatives to control all civilian nuclear
activities.
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An Evolutionary Approach

Earlier observations suggest that the implementation of any nonproliferation
strategy should employ an evolutionary approach, which is necessarily an
incremental approach. Rather than firmly choosing now to pursue a principle
of internationalization, U.S. efforts to foster a more acceptable long-term
nuclear-energy regime might be most useful if they were based upon an incre-
mental approach. Particular stress might be placed on first steps that could
lead in several directions. For example, support for a multinational facility
for spent-fuel storage would not fully commit the U.S. to the internationaliz-
ing approach elsewhere; i t could be a useful learning mechanism and, if
attractive, could be combined with various other measures to reduce overall
proliferation risk. In any case, more attention needs to be paid to identify-
ing possible building blocks for longer—term change by util izing the
assessment of different institutional arrangements.

Concomitantly, with the decision to adopt an incremental approach, i t would
also be important to identify critical decision points that are likely to
occur over the next 10 to 50 years. For a given set of decisions in the early
1980's, i t would also be desirable to know which steps would leave open
alternative courses of action and at what time decisions would need to be
made. In summary, an effective nonproliferation strategy must take account of
the dynamic problem—what is out there now and what will be there by the time
an institutional arrangement takes effect. Static solutions, whether tech-
nical or institutional, would be of short-lived uti l i ty.

The enormous uncertainties which exist make compelling an approach that is
evolutionary in nature and incremental in development as the uncertainties are
reduced. The f lexibi l i ty of such an approach enables i t to address the
significant changes likely to occur in technology, resources, market demand,
and public at t i tudes. Not least among these are the recent decline in
nuclear-energy projections, substantial discoveries of uranium in Australia,
and current vacillations in national perceptions of the nonproliferation
issue. For instance., although reactions to the detonation of a nuclear device
by a newly capable nation may be hard to predict, such an event is unlikely to
leave international attitudes unaffected. For these reasons and others, the
U.S. envisions an evolutionary and incremental approach to the nonprolifera-
tion problem to be essential. It begins with a pause in the development and
implementation of less proliferation-resistant systems.
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2. THE CURRENT NONPROLIFERATION REGIME AND AN
ASSESSMENT OF FUEL-SUPPLY ARRANGEMENTS

2.1 INTRODUCTION: THE EXISTING LEGAL AND INSTITUTIONAL REGIME

The i n t e r n a t i o n a l community has deve loped over t he p a s t 2 5 y e a r s an
i n t e rna t i ona l nonprol i fera t ion regime designed to provide s u b s t a n t i a l p r o t e c -
tion against the proliferation of nuclear-weapons capabilities* This regime,
consisting of a number of institutions and international agreements, has
provided a framework for International cooperation to balance the need for
peaceful nuclear power with nonproliferation objectives. The components of
the regime today include the NPT, IAEA safeguards, and the Treaty of
Tlatelolco and i t s protocols. Bilateral agreements, the NSG's nuclear
suppliers guidelines, and the European Atomic Energy Community (EURATOM)
provide for the supply of material and technology. Additionally, sanctions
exist as measures which could be taken either unilaterally or collectively
against an infringement of nonproliferation undertakings.

2.1.1 The Non-Proliferation Treaty

The NPT constitutes a critical element of the existing legal order. Entering
into force on March 5, 1970, i t has over 110 parties. The purpose of i ts
provisions is to impose obligations on al l parties to restrict the development
of nuclear-weapons.

NPT Provisions

Under the NPT, nuclear-weapons states (NWS's) agree not to assist nonnuclear-
weapons states (NNWS's) in the manufacture or acquisition of nuclear
explosives (Article I ) , and NNWS's agree not to manufacture, develop, or
otherwise acquire nuclear explosives (Article I I ) . In addition, the NNWS's
agree to accept IAEA safeguards on "al l source or special fissionable
material in all peaceful nuclear activities" (Article I I I ) . Concomitantly,
a l l parties agree not to supply source or special nuclear material, or
specially-prepared or designed equipment to any NNWS, whether a party or not,
without requiring IAEA safeguards (Article I I I ) .

The NPT recognizes as "inalienable" the right of NNWS's to develop peaceful
nuclear energy. In realizing this right, the nations with more advanced
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nuclear-power programs agree to facilitate the NNWS's access to peaceful
nuclear technology (Article IV). Similarly, the potential benefits from
peaceful applications of nuclear explosions, if any should arise, are to be
made available to parties on a nondiscriminatory basis and for as low a price
as possible (Article V). Finally, and again as part of the basic bargain
struck within the NPT between NWS's and NNWS's, the former pledged to work
toward cessation of the nuclear arms race and toward nuclear disarmament
(Article VI).

These provisions of the NPT, the NFT itself , and its concomitant safeguards
may not last indefinitely. For a nation has the right to withdraw from the
NPT on 3 months' notice if the nation decides that its supreme interests are
jeopardized by extraordinary events related to the NFT (Article X). If the
nation withdraws for other reasons, other nations might not regard the with-
drawal as being just i f ied or acceptable. Withdrawal from the NFT does
not necessarily imply the freedom to use supplied nuclear materials or
f a c i l i t i e s in a weapons program, since almost a l l nuclear materials and
facil i t ies supplied by one nation to another are subject to continuous safe-
guards under bilateral or tr i la teral agreements with the IAEA. These
agreements would survive NPT withdrawal by providing for supplier controls on
the materials and faci l i t ies made available in the event that the IAEA is
unable to exercise i t s safeguards responsibilities* In 1995, the parties are
to decide by a majority vote whether to continue the NFT indefinitely or for a
fixed period.

Nonproliferation Nora

The contribution of the NPT to the existing legal and institutional regime
should not be underestimated. Though important nations remain nonparties,
adherence to the NPT has been sufficiently widespread to symbolize and
strengthen the growing international norm that the production of nuclear
weapons or nuclear explosives by additional nations is not in the interest
of any state . Nonparties considering adherence to the Treaty must take
into account the costs and benefits of acquiring nuclear weapons since, unless
they withdraw from the NPT, parties to i t are constrained in their nuclear
policymaking. For them, a clear national reversal of past policy and inter-
national commitments is now required to acquire nuclear weapons, a reversal
made more difficult where open national debates or discussion among national
decisionmakers preceded adherence.
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2.1.2 IAEA Safeguards

A critical component of the current nonproliferation. regime is the existence
of safeguards administered by the IAEA. The IAEA was founded in 1957 to
fac i l i ta te and ensure the peaceful uses of nuclear energy* The IAEA i s
responsible for applying safeguards either on agency projects or at the
request of other parties (Article XII). This responsibility was exercised
increasingly from the early 196O's on, first as part or project agreements,
unilateral submission agreements, or trilateral agreements with suppliers and
recipients, and later under the NPT.

The purpose of safeguards is to detect and thereby deter diversion of nuclear
material. The IAEA safeguards system has relied on several mechanisms for
detection: on-site inspection, reporting, physical surveillance and monitor-
ing, and containment of material to specified boundaries. The right of
IAEA inspection, accepted by many nations, is a key institutional innovation
and accomplishment of the nuclear safeguards system. Depending on whether
IAEA safeguards arose under non-NPT agreements or under the DPT, however,
they may differ in detail.

Safeguards for Nations not Party to the NPT

Non-NPT safeguards are applied only to specified materials or facilities
within a nation, not necessarily to al l peaceful nuclear activities. The
general principles, procedures, and restrictions of these IAEA safeguards for
non-NPT parties are defined in IAEA document INFCIRC/66/Rev 2, which includes
such subjects as inspection rights, reporting, and record requirements*
INFCIRC/66/Rev 2 provides the basis for the safeguards agreement actually
negotiated; i t does not describe in detail safeguards procedures. Such
descriptions are given in subsidiary agreements for each safeguarded facility
by negotiation of a confidential facility attachment.

An important aspect of this non-NPT safeguards system, one dealing with
potential problems arising from the limited specific facility orientation of
these safeguards, is the principle of "pursuit." This principle was developed
in the mid-1960's as the IAEA came to negotiate more complex safeguards
agreements to cover power reactors. Pursuit provides that the material and
equipment originally supplied and any fissionable material produced from
that material or equipment, without regard to the number of generations, also
would be safeguarded.
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Safeguards for NPT Parties

NNWS's that are parties to the NPT agree to accept safeguards on a l l nuclear
material in a l l their peaceful nuclear activit ies. IAEA document INFCIRC/153
forms the basis of these NPT safeguards agreements. Important differences
between INFCIRC/153 and INFCIRC/66/Rev 2 are evident.

Rather than focusing on individual nuclear f a c i l i t i e s , INFCIRC/153-type
safeguards focuses on nuclear material and concentrates verification pro-
cedures on those points in the entire nuclear fuel cycle where sensitive
material exists. Under i t , nations are required to establish and maintain
national systems cf accounting for and control of nuclear material. Then, on
the basis of this national system of accounting, nuclear material is verified
by routine inspection, with the facility attachment detailing the permitted
frequency and scope of inspections. Verification by the IAEA takes the form
of reports of the amount of material unaccounted for during the specified
period and the limits of accuracy of the measurement process. Independent
measurements and observations are made by the IAEA. Complementing such
verification of materials accounting as a safeguards measure are containment
and surveillance. For example, current surveillance practice for spent fuel
in pool storage involves semi-continuous—once every 15 minutes—monitoring
by either movie or video cameras.

Compliance and Noncompliance

The purpose of safeguards is not to prevent diversion but to deter i t by the
risk of timely detection. To accomplish this deterrence, the IAEA statute
provides for measures to be taken in the event of noncompliance. Specifi-
ca l ly , i f on request from the IAEA Board of Governors, a s t a t e f a i l s to
remedy any noncompliance, the Board shall report i t to the Security Council
and the General Assembly of the United Nations (Article XII). Assistance
provided by the IAEA or i ts members may be curtailed or suspended, and the
recipient may be asked to return the materials and equipment made available to
i t . Nations may also ini t iate action within the United Nations framework or
take any other action which they may deem appropriate.

2.1.3 Bilateral Agreements and Nuclear Suppliers Guidelines

Host transfers of nuclear materials and facili t ies from one nation to another
are carried out under bilateral agreements with provisions to reduce prolif-
eration risks. Such provisions specify the conditions for supplying materials
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and facilities, including requirements for IAEA safeguards, either on all of
the receiving nation's peaceful nuclear activities (full-scope safeguards) or
just on the material being transferred, requirements regarding reprocessing or
other disposition of spent fuel, pledges not to acquire nuclear weapons,
provisions for physical security, and restrictions on retransfer to third
parties.

Furthermore, export guidelines have been endorsed by the NSG, 15 nations that
supply nuclear materials and technology. The 1ISG convened in the mid-1970's
to agree on conditions for exporting nuclear technology* As a result, the NSG
endorsed export guidelines (INFCIRC/254) calling for restraint in the
transfer of sensitive technology and IAEA safeguards on exported nuclear
materials and facilities* The guidelines also state that subsequent nuclear
transfers to third parties should not take place without the consent of the
supplier. Although member nations have each stated their positions, NSG
actions are significant because the guidelines were adopted by al l members,
reflecting a multinational consensus on nonproliferation norms.

2.1.4 The European Atomic Energy Community

The European Atomic Energy Community (EURATOM) was established by the Treaty
of Rome in 1957. Current members are Belgium, Britain, Denmark, France,
Ireland, Italy, Luxembourg, Netherlands, and West Germany.

The Treaty of Rome contains provisions for the transfer of nuclear materials
and equipment, a centralized control system to prevent diversion of materials
from intended uses and to ensure compliance with international supply provi-
sions and safeguarding arrangements, and a political and legal framework for
joint development of nuclear power.

Since i t s formation, EURATOM has played a major role in coordinating
European R&D activities and in providing a political forum for technical
cooperation and the development of nuclear nonproliferation policies.

2.1.5 Sanctions

Sanctions refer to collective or unilateral measures against an actual or
threatened infringement of nonproliferation obligations or international
norms. Sanctions can be imposed within the United Nations framework, by the
NSG, or through unilateral actions.
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The major international legal mechanisms which may affect the imposition of
sanctions are:

o NPT, which requires the imposition of safeguards on all peaceful
nuclear activities of NNWS's;

o IAEA, which applies safeguards to detect diversion of materials and may
expel parties from the IAEA, report incidents to the United Nations
Security Council or require the return of materials and equipment made
available through the IAEA;

o Bilateral Agreements, which contain provisions for penalties in case of
violations;

o Nuclear Suppliers Guidelines, which provide guidelines for nuclear
technology exportation and a forum for studying, and imposing sanctions.

For the U.S., the NNPA requires termination of nuclear exports to any NNWS
that detonates a nuclear explosive device, terminates, abrogates, or mate-
rially violates IAEA safeguards, or engages in activities involving nuclear
materials having direct significance for nuclear explosives. The law further
provides that no nuclear exports may be made to any nation that violates an
agreement for cooperation with the U.S., assists NNWS to develop or acquire
nuclear explosives, or agrees to transfer reprocessing material, equipment, or
technology to an NNWS except pursuant to an agreement to which the U.S.
subscribes.

The effectiveness of the sanction of terminating nuclear cooperation depends,
of course, on the effect termination may have on the nuclear program and
economy of the recipient nation. In many cases, the threat of such termina-
tion may be an effective deterrent; in others it may not. Attention should,
therefore, be given to possible sanctions outside the nuclear area as well.

As a practical matter, it is difficult for nations to agree in the abstract to
specific sanctions to be involved automatically if a nation engages in pro-
scribed activities. While there are strict IAEA criteria for identifying
material diversions, the IAEA is not empowered to search for illegal activi-
ties. Accordingly, formal assertions of illegal activities and subsequent
responses within the U.N. framework may be time-consuming and complicated.
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While the effectiveness of sanctions relies heavily on international coopera-
tion, i t is unlikely that the international community will always agree on the
nature and purpose of the actions to be taken. Past history provides a mixed
record: failure to obtain universal agreement to apply sanctions, and success
in preventing additional nuclear-explosive demonstrations. The growing
consensus, however, is that both the threat and imposition of sanctions are
important in nonproliferation efforts* At present, the international
community should be seen as prepared to invoke wide-ranging sanctions if there
is a breach of nonprolif eration obligations, if such violations are to be
effectively deterred.

2.2 DESCRIPTION OF FUEL-SUPPLY ASSURANCES

In recent years , consumer nations have become concerned about the access i -
b i l i t y and the p r i c e of nuc lea r f u e l s , namely, n a t u r a l uranium and LEU.
Measures to increase the supply of nuclear fue l , which are receiving increased
a t t en t ion , must address two fundamental i ssues : the continued access ib i l i t y
of uranium and LEU, and the adequacy of uranium resources to meet long-term
nuclear-growth needs.

The following approaches to addressing these issues and thereby to improving
supply assurances have been analyzed: improvements to exis t ing b i l a t e r a l
fuel-supply arrangements; secondary fuel-supply i n i t i a t i v e s such as stock-
p i l e s , cross-guarantees, and an in te rna t iona l fuel bank; and market-oriented
i n i t i a t i v e s designed to s t a b i l i z e the market for natural uranium, including
commodity agreements and consulting systems.

These approaches must be consistent with U.S. policy. The NNPA established
s t r i c t conditions that presumably must be met before any export of nuclear
materials can be approved.

2.2.1 Existing Si tuat ion

Tradi t ional ly , b i l a t e r a l arrangements have been the pr incipal supply mechanism
for uranium ore and enrichment serv ices . For about 20 years , each has been
offered commercially by a limited number of suppl iers . Five nations control
over 80 percent of the known free-world reserves of uranium. The U.S. has
been committed by policy to supply nuclear fuel under adequate nonprolifer-
at ion conditions, and other nations are becoming important fuel suppl ie rs .
B i l a t e r a l supp l i e s a r e l i k e l y to con t inue to be the predominant mode of
internat ional commerce i n nuclear fue l s .
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The export of uranium and LEU has been subject to strict national regulations*
In Australia, Canada, and the U.S., contract renegotiations have required the
application of IAEA safeguards to al l peaceful activities, consumer pledges
not to develop nuclear weapons, and supplier consent before either retransfer
or reprocessing. (The statement and adaptation of these requirements vary
among suppliers. For instance, Australia requires that recipient states be
party to the NPT. Canada requires consent before enrichment of exported
uranium and specifies that the IAEA safeguards agreement must be based on
INFCIRC/153. The U.S. requires that a l l peaceful activities be under safe-
guards by March 1980 as a condition of continued U.S. supply.)

The U.S.. offers uranium and LEU to consumer nations according to legal and
regulatory processes. An intergovernmental agreement for cooperation speci-
f i e s a cei l ing l imit on the amount of enrichment services that may be
provided. Although this limit may be amended upward (and often i s ) , the
agreement may be cause for consumers' apprehension about the U.S. willingness
to supply LEU in amounts meeting the consumers' perceived needs.

The extent to which the bilateral system has affected the stability of uranium
prices is not clear. Between 1973 and early 1976, amidst speculation of
cartel a c t i v i t i e s , spot market prices rose from $7 to $42 per pound.
Presently, the spot market price has stabilized at about $43 per pound. In
constant dollars, the price has declined more than 30% since 1976. In
addition to price aberrations, the reliability of bilateral agreements on
long-term fuel deliveries is of concern to consumers because of the precedents
established for unilaterally changing contracts and closing order books.

2.2.2 Bilateral Fuel-Supply Measures

Proposals to improve existing bilateral fuel assurances fall into two major
categories, those directed at improving the re l iab i l i ty of the exist ing
structure and those directed at improving the long-term supply/demand picture
for uranium.

Recently, the U.S. has taken steps to reinforce i t s reliability as a supplier,
steps which include announcing plans to expand domestic enrichment capacity,
reopening enrichment order books with more flexible contract conditions,
expediting the issuance of export licenses for countries meeting the require-
ments of the NNPA, and taking actions to remove the "ceiling limit" from the
agreements for cooperation. An additional step which the U.S. could initiate
to improve customer confidence in bilateral fuel assurances would be to ensure
that the development and implementation of government fuel policies facilitate
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orderly international markets. As part of these policies, the U.S. should
work to prevent future commercial manipulation of uranium markets.

Regarding the long term uranium supply/demand picture, the U.S. has initiated
the National Uranium Resource Evaluation (NURE) program to secure more
extensive information about domestic uranium reserves and resources. The
continuation of the program is essential to provide information that only
additional drilling can provide. Additionally, DOE's recently announced
policy of reducing t a i l s assay limits to 0.2% U-235 from the previously
planned limit of 0.25% will reduce feed requirements by 9%. Internationally,
the U.S. should urge international cooperation and participation in the
exploration for, and development of, uranium ore reserves and should encourage
the practice of lowering tails assay limits to the maximum extent that is
economically practicable.

2.2.3 Secondary Fuel-Supply Measures

Stockpiles and cross-guarantees represent al ternate sources of uranium
or LEU for a consumer if a primary supply source fails to deliver for reasons
other than nonproliferation. Unilateral and multinational arrangements have
been proposed formally and informally. These include U.S. domestic stockpiles
of uranium and LEU for unilateral allocation, consumer stockpiles, and multi-
national agreements, or cross-guarantees, among key suppliers and consumers.

U.S. Emergency Sales of Uranium

If a customer has an emergency need, the U.S. can agree to se l l or lend
uranium to the customer; however, the customer must demonstrate that neither
uranium nor separative work is available on the open market. At the present
time, the offer is valid only for those customers of U.S. enrichment services
who are unable to deliver natural uranium fuel for enrichment. DOE determines
the emergency need and market availability.

U.S. LEU Stockpile

Pursuant to the NNPA, the U.S. is considering the creation of an LEU stockpile
sited domestically, which might supplement any stockpile created in conjunc-
tion with an international fuel bank. The stockpile could be allocated
unilateral ly and made available to nations whose LEU supply i s cut off
although they conform to appropriate nonproliferation standards. These
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standards would require IAEA safeguards in place on all peaceful nuclear
activities, no nationally controlled sensitive facilities, maintenance of
adequate physical security measures and pledges not to develop or acquire
nuclear explosives or to perform any associated weapons research.

The size of the secondary source stockpile will be a controlling factor in
access to the stockpile, participation by other nations, and conditions under
which LEU could be released. At present, the U.S. is considering the forma-
tion of a stockpile containing up to 5 million SWU, or an amount sufficient
for about 50 GWe-years of LWR power operation. This size stockpile could
cover the needs of 9 to 15 nations with nuclear programs of less than 5 GWe
for at least 2 years* Implementation of this concept is feasible, since the
existing DOE stockpile contains about 20 million SWU in addition to a working
inventory and is expected to remain at about this level for several years.
What is required is designating a specified quantity as a secondary source and
formally announcing the policy to consumer nations. U.S. policies relating to
the costs of this emergency service have not been determined. However,
factors impacting such policies could include imposing an appropriate carrying
charge and consideration of the prevailing world prices.

Consumer Nation Stockpiles

Another form of stockpile is one which a consumer has on its own territory.
Such a stockpile would be sized according to national requirements and managed
by the consumer involved. A large stockpile within a nation's territory
can guarantee a stable supply of fuel at the cost of increasing carrying
charges. At the same time, however, a national stockpile postpones for some
time the effect of one of the potential sanctions for violation of nonprolif-
eration obligations, the cut-off of fuel supplies.

A variation of the national stockpile would be the location of stocks
designated for a specific country in regional, multinational governed stock-
piles. Such safeguarded stockpiles could help ensure both fuel-supply and
nonproliferation objectives. The management, costs, and safeguarding of
regionally located stockpiles would be similar to those of the international
nuclear fuel bank discussed in a following section.

Multinational Agreements (Cross-Guarantees)

Multinational agreements, or cross-guarantees, among several suppliers and
consumers that provide for emergency allocation of either uranium or LEU
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represent a fourth type of secondary fuel assurance. A multinational agree-
ment would have the advantage of reflecting a consensus of suppliers and
consumers on balancing fuel-supply aad nonproliferation objectives* Multi-
national agreements would protect consumers from unilateral supplier actions
unrelated to proliferation concerns.

Implementation of a multinational fuel-assurance arrangement would require
pooling agreements on both uranium and enrichment services, and would involve
the major suppliers and consumers of uranium and LEU. In the past, utilities
in Europe (on a national and multinational level) and in the U.S. have
assisted each other in cases of supply interruption. This practice has
usually involved swapping required amounts of fuel out of inventories for
limited periods of time. These arrangements have evolved from informal
understandings and through established brokerages and trade organizations, and
have frequently resulted in loan agreements* Building on this experience, a
formal multinational arrangement, which would constitute an emergency safety
network and be implemented on a regional basis, could be developed in an
evolutionary fashion.

International Nuclear Fuel Bank

An international nuclear fuel bank (INFB) could distribute fuel to nations
which suffer a fuel supply interruption which is unrelated to their nonpro-
liferation obligations. The key characteristic of the INFB is that it could
physically control an inventory of uranium and LEU. The current U.S. approach
regarding an INFB calls for a small inventory, about 15 to 20 core reloads,
but this proposed amount is negotiable. Several approaches, including
supplier donations and earmarking consignments of fuel to the bank have been
suggested for developing and financing this inventory. Funds received from
bank transactions would be used to replenish stocks and finance operating
expenses. Services would be delivered at prices nominally higher (about 5%)
than the market price for either uranium or LEU. With a small inventory, the
INFB would have no noticeable impact on the market price of either uranium or
LEU.

The bank inventory would be subject to IAEA safeguards, but the host nation
would maintain physical protection measures. The INFB would be open to any
consumer nation that had accepted appropriate nonproliferation conditions.
Materials would be released to bank members who could demonstrate that
contracted supplies had been interrupted and who were in compliance with
nonproliferation norms similar to those stated for the U.S.-allocated LEU
stockpile.
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The mechanism for releasing fuel should be as simple as possible to avoid
administrative and political complications and to minimize discretionary
conduct by the management of the INFB. Arbitration of disputes to allocate
bank inventories that could not be handled by the management would be referred
to a tribunal.

Disposition of spent fuel could be undertaken according to conditions estab-
lished by the TNFB or the supplier member. Disposition could be governed by
conditions either at the time i-he fuel is donated or at the time the fuel is
sold* Ultimately, the mode of spent-fuel disposal could be in accordance with
an international spent-fuel regime.

2.2.4 Market-Oriented Measures

In addition to providing assurances of fuel supply, commodity agreements or
consulting systems could ensure that supplies are available at fair prices.

Commodity Agreements

To be politically acceptable, a commodity agreement would have to include
consuming as well as producing nations. To be economically workable, i t
would have to include a l l major exporters of natural uranium* A major
exporter remaining outside the agreement might disrupt the stabilization
policies of participants by pursuing i t s own commercial advantage.

A commodity agreement could most likely deal with the total market for milled
uranium in participating nations, not only with the market involving shipments
from one nation to another.

A commodity agreement would establish procedures to determine uranium prices
by considering requirements such as adequate supplies for consumers and fair
returns for investors* Price decisions would be negotiated among the govern-
ments concerned to reflect the relat ive importance of participants as
suppliers or consumers of natural uranium. Suppliers and consumers might vote
as a single constituency or separately• In the latter case, some means of
breaking a deadlock between the two groups would be needed. In any case,
consumer participation would ensure fair pricing*
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Since current uranium contracting favors contracts using a market-price
approach, i t would appear that a commodity agreement could exert an increasing
influence on prices under existing long-term contracts. In principle, the
participants in a commodity agreement could agree upon a pricing formula for
all new contracts. One obvious possibility would be to set the price at the
spot price that prevailed a certain time before delivery and to allow a range
for price fluctuations.

Although keeping the price within the desired range may be a problem, the
uranium market possesses two built-in shock absorbers that could cushion the
effects of changes in supply or demand: the willingness of util i t ies to
overstock inventories of both natural uranium arid LEU, and the lack of a close
link to the spot price in some long-term contracts. To ensure price sta-
bili ty, the participants in a commodity agreement would in theory have two
similar measures at their disposal; manipulation of the flow of natural
uranium feedstock to enrichment plants and creation of a buffer stock that
would permit direct intervention in the spot market.

The creation of a buffer stock would raise a different set of problems. In
theory, the management of the buffer stock operating under general guide-
lines would buy natural uranium when the spot price fell i.-«;low the desired
price range and would sell natural uranium when the price rose above the
desired range. To succeed, this kind of operation requires an adequate amount
of working capital in two forms, an inventory of natural uranium to use in
checking unwanted price increases and cash assets to use in checking unwanted
price decreases. <

Consulting Systems

Consulting systems would involve interested governments, both producers
and consumers, and might consist of an informal council of governmental
representatives that would meet periodically to consider trends and prospects
in the uranium market and a secretariat to collect data and perform analyses
for the council.

Besides projecting supply and demand, the principal function of the council
would be to discuss possible solutions to problems identified by the secre-
tariat or participating governments. The nations directly concerned would be
pressured, but not required, to comply with council agreements* Major ques-
tions facing the council would be the adequacy of exploration efforts and
enrichment services, and plans to invest in new uranium mines and in
additional capacity.
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Both the IAEA or the NEA of the Organization for Economic Cooperation and
Development (OECD) could provide both a forum for consultat ion among govern-
ments and the required s e c r e t a r i a t . Both have the s u b s t a n t i a l technical
resources needed by any new consulting system* The IAEA might conceivably
launch a consulting system with technical services contributed by the NEA.

2.3 ASSESSMENT OF FUEL-SUPPLY ASSURANCES

2.3.1 Nonproliferation Effectiveness

From the perspective of U.S. nonprol iferat ion pol icy, the goals of improved
fuel assurances are to strengthen the r e l i a b i l i t y and c red ib i l i t y of the
international market and thereby to reduce the incentive for nations to
develop their own sensitive technologies. The nonproliferation effectiveness
of fuel-assurance measures would be manifested in the absence or slowing of
movement toward nationally controlled sensitive technologies.

Existing and proposed fuel-assurance measures may keep nations fron developing
sensitive technologies indigenously and provide economically at t ract ive
uranium fuels. A lower demand for LEU and a developing diversity of
enrichment suppliers could encourage continued reliance on the international
enrichment market. In addition, there are large economic and pol i t ica l
costs and uncertainties in building and operating a commercial enrichment
facility, and an enrichment capability does not reduce a nation's requirements
for imported uranium.

In light of long-term energy demands and uncertainties about uranium availa-
bili ty, some nations with advanced nuclear-power programs are likely to plan
for eventual commercial deployment of the plutonium fuel cycle. These nations
have adopted national energy strategies to diversify fuel types and suppliers,
to develop indigenous capabilities, and to reduce long-term risks of depen-
dence on foreign energy sources.

To reduce these risks, these nations have undertaken FBR programs to address,
in part, the issues of accessibility of uranium and LEU, and adequacy of
uranium resources. These FBR development programs do not appear to be eco-
nomical yet and would not begin to offset uranium supplies (and thus, increase
security of supply) until well into the next century.
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I t is not certain whether fuel assurances will indefinitely discourage
consumer nations from deploying the plutonium fuel cycle. Fuel assurances
cannot address all of the pressures which may induce a nation Co acquire a
sensitive technology, but they can address the accessibility and economics of
nuclear fuels* Moreover, fuel assurances may delay the movement toward the
plutonium fuel cycle and thereby provide time to further resolve the uncer-
tainty about the adequacy of uranium resources and to develop and implement
institutional arrangements minimizing the proliferation risks of the plutonium
cycle.

2.3.2 Energy Security. Economic, and Political Considerations

Bilateral Fuel-Supply Measures

Suppliers generally favor the maintenance of b i la tera l arrangements for
supplying nuclear fuels, which have worked reasonably well. On the one hand,
bilateral fuel assurances provide suppliers a measure of control over the
nonproliferation regime and over nuclear-fuel economics. On the other hand,
bilateral fuel assurances are less likely to be relied upon by consumers with
developed nuclear-power programs and with small or nonexistent uranium
resources. These nations would acknowledge the general effectiveness of
bilateral arrangements but would also point out that there have been signifi-
cant price increases in uranium, and suppliers have imposed or threatened to
impose embargoes and cutoffs. For these nations, improvements to bilateral
fuel assurances may have advantages and disadvantages. They may address
short-term supply problems (by increasing production capacity) and offer
accessibility to nuclear fuels at world market prices comparable to alter-
native energy sources. But they may not provide sufficient assurance of
the long-term availability of economically attractive nuclear fuels, may not
adequately support national strategies to lessen energy or economic dependence
on foreign suppliers, and may s t i l l be subject to supplier policy or legal
changes.

Secondary Fuel-Supply Measures

Suppliers may promote secondary fuel-supply assurances involving stockpiles
located in supplier nations as a means of furthering nonproliferation
concerns. Such backup supply arrangements may help to provide assurance of
fuels necessary to sustain once-through fuel cycles. In addition, secondary
supply inventories could moderate nuclear fuel supply/demand uncertainty and
allow producers to schedule their requirements accurately. On the other hand,
consumers may not feel that stockpiles in supplier countries significantly
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enhance assurance of fuel access. Moreover, i t would be important to avoid
any tendency to avoid discrimination among NNWS's which might spur national
endeavors to develop sensitive technologies.

Natioual stockpiles, a variation of supplier fuel stockpiles, are one of the
best forms of fuel assurance. Their presence, however, would reduce the
effectiveness of sanctions, should they be imposed for nonproliferation
reasons. It appears that stockpiles in nations with advanced nuclear programs
would not introduce significant proliferation risks. Making distinctions of
this kind among NNWS's, however, could exacerbate the discrimination which
nations may already feel with respect to the nonprolif eration obligations
which currently distinguish NWS's from NNWS's. The end result could be to
increase efforts toward fuel-cycle independence, and a net weakening of the
overall nonproliferation regime*

The feasibility of a multinational agreement to guarantee fuel supplies would
depend on which suppliers and which consumers participated. The participating
suppliers minus one—any one—should be able to meet any likely contingency
covered by the agreement. This test may indicate that i f the U.S. were
to stop providing such services to a major consumer, the other free-^world
nations with enrichment faci l i t ies would not be able to f i l l the breach. A.
few years from now, when new European capacity has been completed, this
situation could change. An agreement covering uranium might be workable
today, and its feasibility will be increased in the 198O's, if Australia
becomes a major supplier of uranium. Multinational agreements may also offer
consumers a voice in allocating and pricing nuclear fuels, at slightly greater
power costs than those of a bilateral system.

The INFB is designed to appeal directly to those nations which have small
nuclear-power programs and which are concerned with the political accessibil-
ity of nuclear fuels. From their perspective, the INFB assures accessibility
within an apolitical forum by allocating fuels in emergency situations, and
the size of the fuel inventory suits small nuclear-power programs planned for
the short and mid term. A key bank issue may be the formation of mutually
satisfactory conditions of access, conditions which are not susceptible to the
political processes of supplier nations and provide insurance against fuel cut
off. As in the case of other secondary fuel-assurance measures, the costs of
participating in the bank should not be a significant issue for consumer
nations.

In summary, secondary fuel-supply measures could be designed to assist in
strengthening the supply regime. Consuming nations, however, may have
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concerns about secondary fuel-supply assurances similar to concerns regarding
bilateral assurances, including a susceptibility of unilateral initiatives to
legislative and regulatory processes, discriminatory implications of the
conditions of access to supply inventoires, and incompatibilities with
national energy plans.

From a consumer's prospective, the major issue will most likely involve the
conditions of arress. On the one hand, access conditions should not be so
rigid or inflexible as to discourage nations from participating. On the other
hand, they should be sufficiently rigorous to ensure protection from prolifer-
ation risks.

Market-Oriented Measures

From a supplier's perspective, there are a number of potential difficulties
associated with implementing broad international mechanisms such as a
commodity agreement. First , implementing such international mechanisms
could involve a fundamental reorganization of supplier fuel markets. It
i s uncertain whether uranium suppliers who benefit economically from uranium
exports would support such concepts*

Second, reaching a consensus in the U.S. on the concept could be difficult
because the U.S. has been historically reluctant to endorse international
commodity agreements. The increased responsibilities and influence of an
international arrangement might not appeal to pragmatists who view inter-
national organizations and operations as inefficient.

If the organization, management and operation precluded cartel-lik.e
activities, consumer countries could have some interest in international
arrangements to stabilize fuel markets. Such arrangements could help to
moderate fuel prices as well as guarantee supplies of nuclear fuels. Before
implementing any international approach, consumers and suppliers would have to
agree on the institutional makeup, and the size and location of inventories.
Whether such agreement could to achieved is debatable.

In summary, international institutions to stabilize fuel markets require
additional definition. Since, their potential acceptability is questionable,
it is not likely that such concepts could be realized in the near future.
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The best approach is probably an evolutionary one in which the components of
the individual arrangement.*: discussed above are established* In this regard,
a system of intergovernmental consultations among both suppliers and consumers
interested in improving the functioning of the uranium market may be the most
acceptable and feasible international mechanism to help to ensure fuel
supplies and to stabilize fuel prices. Eventually i t is conceivable that a
concept as broad as an International Nuclear Fuel Authority (INFA) could
evolve.

2.4 SUMMARY ASSESSMENT OF FUEL-SUPPLY ASSURANCES

In addi t ion to improvements to b i l a t e r a l fuel-supply mechanisms, various
measures to deal with shor t - term in te r rup t ions of nuclear- fuel suppl ies were
considered. Included were b i l a t e r a l and mul t ina t iona l c ross-guarantees ,
s t o c k p i l e s , and an INFB.

A system of mul t ina t iona l agreements, such a s guarantees and pooling arrange-
ments, would appear to be f ea s ib l e and deserve p r i o r i t y , but i t may lack the
c r e d i b i l i t y of guarantees backed by dedicated s tockp i l e s and an INFB con-
t r o l l e d by suppl ie rs and consumers. In t h i s view, a system of mul t ina t iona l
agreements would be a useful link, i n a chain of fuel—assurance arrangements
and could be init iated in conjunction with such a system of guarantees.

A more important question, however, i s whether any of these measures to
deal with short-term interruptions address problems perceived by consumers
who fear that sufficient uranium supplies will be stopped for pol i t ical
reasons. Some nations' policies may prevent the mining of uranium. There are
also questions related to ensuring that supply contracts, once entered into,
will not be interrupted or amended by additional terms and conditions uni-
laterally or retroactively applied.

Two possible adverse developments may appear over the longer run. First,
there is a danger that a uranium cartel, which is a manifestation of market
imperfections, could cause unpredictable price fluctuations. Second, there is
a danger that the lack of an international consensus on developing nuclear
power without increasing the risks of proliferation may lead some suppliers to
tighten nonproliferation requirements on trade. Such a situation could
indirectly encourage the spread of sensitive technologies.

Commodity agreements and a system of intergovernmental consultations are
possible means of s tabi l iz ing the uranium market over the longer term.
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A commodity agreement would have l i t t l e chance of success unless it estab-
lished a buffer stock that could be built up or drawn down to counter
undesired price fluctuations, and had adequate funds from participating
governments* A system of intergovernmental consultations seems more feasible.
At periodic meetings, governmental representatives could discuss projections
of supply and demand, and possible solutions to impending problems. In the
long term, a concept as broad as an International Nuclear Fuel Authority
(INFA) could evolve to control all nuclear supply services.

In the final analysis, i t appears that reliance on a single fuel—assurance
arrangement under a single institutional control may not be acceptable to
consumer nations. Instead a variety of measures—a fuel-assurance regime—is
necessary to strengthen consumer reliance on nuclear-fuel markets. The most
pressing need is to re-establish confidence in the current supply system
which, rightly or wrongly, is perceived by some consumers to be unreliable.
In particular, many see the need for governmental actions to ensure con-
sistency in the application of export and import controls; and to develop
mechani&ras, such as prior consultation, to manage changes in nonproliferation
policy and lo guarantee continuity of supply during such changes. Common
approaches need to be developed in the near term which could encompass a
three-tier scheme for fuel assurances:

o Bilateral fuel assurances—continue to strengthen existing bilateral
arrangements

o Secondary fuel-supply assurances—encourage unilateral measures such as
.supplier stockpiles and multilateral measures such as cross-guarantees
and pooling arrangements

o International fuel assurances—encourage the development of an INFB with
the authority to stockpile and distribute uranium and LEU to nations
which suffer supply interruptions despite their compliance with nonpro-
lif eration undertakings.

In the long term, the feasibility of any fuel-assurance regime will depend
on the extent of economically recoverable uranium resources* At the present
time, there is some uncertainty regarding the extent of uranium resources. To
provide better information for nations planning nuclear programs, unilateral
efforts (the NURE program) and international initiatives to define the extent
and location of uranium reserves should be continued. Furthermore, efforts
are needed to stabilize future uranium markets. To this end, a system of
intergovernmental consultations to discuss resource projections and coordi-
nate production activities appears feasible.
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Implementation of these measures to provide fuel assurance implies specific
actions: continuing to reduce the uncertainty of the extent and producibility
of the domestic resource base; developing a strategy encompassing foreign
governments, the IAEA, the NEA, and financial and exploratory enterprises
to expand the information base on international uranium reserves; developing
and implementing a comprehensive technical program to use more efficiently the
uranium resource base; stockpiling uranium and LEU for emergency allocation;
developing with other nations multinational agreements covering emergency
allocation procedures and pooling arrangements for nuclear fuels; promoting
the concept of an INFB; and developing a system of intergovernmental consul-
tations designed to ensure that the development and implementation of
fuel-supply policies facilitate orderly fuel markets and prevent any commer-
cial manipulation of uranium markets.

2-20



D R A F T

3. ASSESSMENT OF MEASURES AND ALTERNATIVES FOR THE
DEPLOYMENT OF CIVILIAN NUCLEAR SYSTEMS

One purpose of a nonprol i fe ra t ion s t ra tegy i s to l imi t the capabi l i ty to
develop nuclear weapons, a capabi l i ty which may be enhanced by s e n s i t i v e
mater ia l s or f a c i l i t i e s under na t iona l control* Two approaches can cont r ibu te
to l imi t ing a nuclear-weapons c a p a b i l i t y : the reduct ion or e l iminat ion of
the sens i t iv i ty of materials or f a c i l i t i e s , and the reduction or elimination
of the uncontrolled nat ional access to sens i t ive materials or f a c i l i t i e s . The
f i r s t approach r e l i e s upon technical modifications to materials and f a c i l i -
t i e s , and the second upon i n s t i t u t i o n a l arrangements*

While l imit ing sensi t ive materials and f a c i l i t i e s l ike enrichment, repro-
cessing, HELF or plutonium, reduces prol i fera t ion r i s k s , the nature of the
l imi ta t ions and the degree to which r i sks are reduced are controversial .
Since the d i s t inc t ion between NWS's and NNWS's i s fundamental to the objective
of any nonproliferation strategy and i s recognized as such by he NPT, there
are some who believe that r i sks can be more effectively controlled by l imi t ing
sens i t ive materials and f a c i l i t i e s as much as possible to NNW's. Others
believe such an approach i s ul t imately impractical because of exis t ing deploy-"
meats and commitments, and may be counterproductive because of i t s inherently
discriminatory nature .

3.1 TECHNICAL AND INSTITUTIONAL MEASURES

There are two basic typ-'.s of fuel-cycle systems: once—through fuel-cycle
systems in which the fuel i s used once and subsequently discharged to storage,
and closed fuel-cycle systems in which the spent fuel is reprocessed to
recover remaining fissile materials for reuse as fuel. Volume II assesses the
proliferation resistance of both types of fuel-cycle systems and identifies
ways to improve their resistance. These assessments . '. recommendations serve
as a starting point for the analysis of technical aim institutional measures
and alternatives for civilian nuclear systems.

The assessments and recommendations raise two fundamental questions regarding
measures to increase the proliferation resistance of nuclear fuel-cycle
systems. First , what are the institutional implications of alternative
fuel-cycle systems for a nonproliferation strategy? Second, what are the
institutional implications of technical modifications in sensitive facilities
and materials in alternatives fuel-cycle systems?
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Of direct importance to the assessment of the international deployment
measures is whether there exist any trade-offs between technical modifica-
tions and institutional arrangements, that is, whether the incorporation of
technical modifications reduces the need for institutional arrangements or
whether acceptance of technical measures reduces the political tolerance for
extensive institutional arrangements.

Depending on the deployment contexts and the proliferation threat, the
technical measures (e.g., alternative reprocessing concepts) discussed in
Volume II can increase the levels of proliferation resistance, but the total
political and economic costs are not yet known. Technical fuel-cycle measures
primarily change the parameters of accessibility of materials and facil it ies,
and thereby possibly increase the time and resources expended in the effort to
abuse them. These measures may not apply to problems of detectability and
technology transfer or to the ability of the international community to
respond in a timely fashion. These are issues that must be addressed by
institutional measures. Moreover, the realization of technical measures
inevitably requires institutional arrangements for enforcing standards,
monitoring compliance, and responding to abuse. These institutional measures
will be needed regardless of trade-offs between the technical and institu-
tional approaches to reducing national access to sensitive materials and
f a c i l i t i e s , or the result of technical modifications in the fuel cycle.

An important aspect in the spectrum of possible institutional arrangements is
whether the sensitive facilities, especially those required for enrichment or
reprocessing, are controlled by national, multinational, or international
entities. In national facilities, national authorities take operational and
managerial responsibility for the choice and development of technology
and expanding capacity. Institutional arrangements to improve proliferation
resistance at such facilities could be designed to maintain this authority.
Multinational and international facil it ies, however, could involve joint
ownership and management, and thereby reduce national authority. A multi-
national concept envisages several national entities operating one or more
plants, whereas an international concept is global, envisioning the oper-
ation of all sensitive facilities under the direction of an international
organization.

The specific nature of technical modifications and institutional arrangements
affects the overall proliferation resistance of a particular fuel cycle
and its effectiveness for energy supply. The measures and alternatives
described here do not reflect entirely the specific nature of existing global
plans or deployments, or national policies. Such specificity would require a
nation-by-nation analysis and evaluation, and is beyond the scope of the
assessments that follow. Instead, the assessments are conducted at a more
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general level. From the large number of possible combinations, representative
measures and alternatives were developed and assessed according to the prin-
ciples and procedures described in Chapter 1. Summary assessments were
arrived at by a process of synthesis based on these assessments. The
resulting measures and alternatives are intended to guide the design and
implementation of possible institutional arrangements that might enhance
nonproliferation effectiveness? and energy security.

This volume describes measures and alternatives for the more important
components of the fuel cycle regarding proliferation risk, namely, enrichment
services, interim and ultimate spent-fuel storage, reprocessing, plutonium
management, plutonium fuel fabrication, FBR development, and high-level waste
management•

3.2 MEASURES AND ALTERNATIVES FOR ONCE-THROUGH FUEL-CYCLE SYSTEMS

The components of t h e once - th rough system of pr imary concern for which
institutional alternatives are assessed are enrichment services and interim
and ultimate spent-fuel storage. It appears that the current institutional
regime car provide the international community effective assurance that
uranium fuel fabrication, the reactor itself, and low-level waste management
can be undertaken without unacceptable proliferation risks. I t i s , of course,
necessary t<-. review periodically the effective implementation of the safe-
guards systems in place.

3.2.1 Enrichment Services

Existing Situation — The issues relating to enrichment activities concern
the adequate supply of enrichment services, conditions under which enrichment
services are offered, and spread of enrichment technology.

Adequacy of supply is a key issue, particularly for nations that must
contract for enrichment services. Existing and planned enrichment capacity,
coupled with reductions in nuclear power estimates, appears to have produced
an adequate global supply of enrichment capacity well into the 1990's.

There are two patterns of control governing access to enrichment services.
The U.S. requires prior approval for retransfer of LEU originating in the U.S.
and reprocessing, and both the U.S. and the Soviet Union follow a general
policy of full-scope safeguards. EURODIF and URENCO, however, require less
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comprehensive safeguards (generally applicable to the supplied material), and
reprocessing conditions appear to be limited to case-by-case assessments and
approvals of plutonium storage or retransfer arrangements*

Finally, the spread of enrichment technology imposes significant proliferation
risks from the potential dissemination of centrifuge enrichment technology,
and the development and dispersion over the next decades of new or advanced
enrichment technologies. There is concern about the potential for abuse of
the safeguarded facility or the use of a clandestinely replicated facility
to produce HEU either from natural uranium or from diverted LEU fresh fuel.

International efforts to control the spread of enrichment technologies have
made some progress. In September 1977, the NSG established guidelines requir-
ing that recipient nations agree not "to modify or operate an enrichment
facility to produce greater than 20 percent enriched uranium without the
consent of the. supplier country." To strengthen institutional barriers, the
supplier nations agreed "to exercise restraint in the transfer of sensitive
facilities, technology, and weapons usable material." In fact, there is
a de facto supply moratorium, except for a prior commitment to transfer
an enrichment facility. Recent events in Pakistan regarding the acquisition
of enrichment technology for military purposes reemphasize the need for close
cooperation among the supplier countries to better restrain and monitor
sensitive nuclear exports.

Summary Assessment of Measures and Alternatives

Expansion of Existing Facil i t ies — The f i r s t alternative assumes that
existing commercial facilities would continue to operate and expand capacity
as currently planned to meet demand, with additional capacity required
beyond 1995 provided at existing sites by facilities under incernational
auspices. R&D in enrichment technology would be limited to. those nations
currently providing enrichment services. Finally, all R&D using HEU would
be discouraged.

Limitations on the number of plants and the development of additional
capacity, coupled with strict classification and export controls on sensi-
tive equipment and technology, could reduce the proliferation vulnerability
inherent in the present international enrichment regime. Reliance on existing
enrichment facilities is probably a viable approach in the near term because
of competition among multiple sources. In addition, the economies of scale
provided by large facilities should work to the benefit of the customer.
As a result , the energy development needs of those states operating or
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planning thermal reactors would be served, especially if there were also a
strong fuel assurance regime.

Although there is a surplus of enrichment capacity, other nations are develop-
ing enrichment technologies to establish an indigenous enrichment facility.
Thus, this alternative may fail in the case of nations seeking their own
enrichment capability unless they were willing to defer or phase out their
plans to do so.

Additional Large Facilities under Multinational or International Auspices —
The second alternative assumes that some capacity required past 1995 would be
provided by nations with advanced nuclear-power programs in new facilities
under multinational or international auspices, in addition to those at exist-
ing sites, and that R&D in enrichment technologies would be discouraged.
For beyond 1995, the opportunity to limit the spread of proposed new national
enrichment facilities may depend on expanded multinational or international
facilities and adequate fuel-supply assurances.

Such an approach would minimize proliferation vulnerability if i t succeeded
in avoiding additional national enrichment ventures, which could be subject
to overt diversion. However, multinational participation in enrichment
fac i l i t ies and more dispersed R&D in enrichment technologies may also
increase proliferation risks through greater dissemination of technology,
though some technological transfer may be a cost of avoiding new national
facilities.

On the other hand, multinational ownership, management, or operation may limit
the possibility of either an overt\diversion or a covert plant reconfiguration
to produce HEU because of legal, physical, and psychological factors. In
addition, the ability to ensure detection and deterrence may be greater than
with safeguards alone* The expectation of improved effectiveness against
diversion of materials (or of the whole facility) is based on the belief that
multinational staffing of such centers would subject all personnel to closer
scrutiny, as the staff of each nation observed the staff of all other nations,
than would be possible by outside inspectors. In effect, multinational
institutions may possess a "built-in" inspection system, at l i t t l e or no
incremental cost, though i ts reliability would depend on the qualifications,
diversity, and balanced composition of the staff.

The attractiveness of multinational institutions would depend on the advantage
nations see in accepting international controls on enrichment facilities in
exchange for the increased access of national siting, the improved security ,

3-5



DRAFT

of supply provided by a multinational insti tution, and the potential of
lower-cost enrichment services. A multinational institution may be less
susceptible to unilateral pressures and could ensure that long-term contracts,
once agreed upon, would be reliably executed*

Furthermore, commercial enrichment enterprises currently represent uncertain
economic, financial, and political ventures. These uncertainties may be
greater if the undertaking is a national venture, particularly if the nation
lacks a guaranteed source of uranium. The economic benefits of a large-scale
facility, the sharing of capital costs and the associated reduction in risks,
and the access to enrichment services available through multinational
institutions, may influence nations to forego national endeavors*

However, there is concern that multinational arrangements introduce inherent
administrative complexities and inefficiencies that inevitably have adverse
economic impacts. While such factors are difficult to quantify, several
multinational institutions such as EURODIF and URENCO have been successfully
established to provide fuel-cycle services* Most studies agree that to
prevent complications, multinational institutions need a two-tiered structure
in which political questions are handled by the senior political tier, and
normal operating questions are handled by a nonpolitical tier.

The second possibility also provides for national R&D in enrichment tech-
nologies to be extended to those nations with advanced nuclear-power programs.
A nation with such programs may be willing temporarily to depend on an
international enrichment facility while making plans to construct a national
facility. There is the risk, however, that nations may be stimulated to
engage in enrichment R&D to protect against possible unsatisfactory
international enrichment services, to increase their bargaining position in
such an organization, or to alleviate some energy development concerns.

Additional Facili t ies Under National Control — The third alternative
specifies that nations having advanced nuclear—power programs and seeking
energy independence could acquire national facilities, with enhanced safe-
guards, to provide capacity required after 1995 in addition to that at
existing sites.

Additional national facilities, although they may incorporate proliferation-
resistant technologies and advanced safeguards techniques, would increase the
regime's proliferation risks. The international community may today have
insufficient confidence in the proliferation resistance of a regime consisting
of dispersed national facilities protected primarily by the IAEA, which will
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need to gain experience in safeguarding large bulk facilities* Some nations
have questioned whether even technically perfect safeguards by themselves can
provide the international community with timely warning of plant reconfigura-
tion and subsequent production of weapons-usable material. In addition,
sensitive technologies would be more widely dispersed, and there could be an
increased risk, of nations initiating enrichment programs without a clear
economic, technical, or programmatic justification.

Observations

Currently, planned additions to international commercial enrichment capacity
at existing s i tes indicate that further expansion i s not required unt i l
after 1995. In light of these considerations, having commercial facilities
under multinational or international auspices appears to be an approach
which addresses both nonproliferation concerns as well as considerations
of economics, financial risk, and security of supply. If so, limitations on
enrichment R&D activities, otherwise unacceptable to those nations planning
large-scale commercial facilities for the 1990's, may appear acceptable after
a l l . In short, nonproliferation effectiveness and security of supply would be
enhanced through this approach. Furthermore, i t provides for increased
international interdependence in the nuclear fuel cycle*

Implementation of this approach would involve specific actions: expanding
domestic enrichment capacity to meet U.S. and non-U.S. demand, considering
invitation of foreign participation in new U.S. enrichment capacity or,
participation later in an internationally-owned and-controlled enrichment
facility, developing and demonstrating effective safeguards for currently
deployed and new enrichment technologies, specifying the nature of the
application of the safeguards regime to U.S. enrichment facilities, and,
in conjunction with R&D involving HEU, offering technically compatible
LEU as a replacement to limit the use and dispersion of HEU.

3.2.2 Interim Spent-Fuel Storage

Existing Situation — There is a growing need to deal in a timely manner
with increasing accumulations of spent fuel at reactor s i t e s . In 1978,
spent-fuel accumulations at reactor sites totaled some 5,000 metric tons.
INFCE forecasts indicate that, by 2000, at least 60,000 metric tons will
require storage in countries (excluding the U.S.) outside communist areas.
Six nations, Austria, Belgium, Japan, Sweden, Switzerland, and West Germany,
have made the licensing of new nuclear reactors contingent upon resolution of
waste-disposal issues. Thus, nuclear, power programs cannot proceed in an
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orderly fashion without dependable means for disposing of spent fuel. To meet
the different and time-dependent needs of different nations, spent-fuel
storage should be planned in several stages to ensure adequate storage
capacity in the near and long term-
Attention has also focused on the proliferation vulnerability of spent fuel.
As storage pools f i l l up, pressures for spent-fuel reprocessing may increase.
Furthermore, the accumulation of spent fuel in cooling ponds at rf»art<->r sites
will provide a growing number of nations with a source of fissionable material
that could be diverted for nuclear-weapons purposes. This risk depends on
the undetected prior construction of a dedicated plant to process the diverted
fuel, a high level of technical competence to ensure reliable plant operation
and subsequent weapons production, and the absence of an effective response by
the international community.

The following alternatives evolve from two fundamental approaches to the
interim management of spent fuel: AR storage followed by long-term,
nationally supervised, spent-fuel management, and AR storage followed by the
removal of spent fuel to facil it ies under multinational or international
auspices. In the latter approach, the spent fuel can be shipped either to the
original fuel supplier, a commercial reprocessing facility, or to an inter-
national spent-fuel storage repository.

Summary Assessment of Measures and Alternatives

National Control of Spent Fuel — This case assumes the long-term storage of
spent fuel at nationally controlled faci l i t ies under enhanced IAEA safeguards
involving near real-time surveillance, either at the reactor or at some
away-from-reactor (AFR) storage facil ity. The latter could reduce pressures
for spent-fuel reprocessing.

Maintaining national control of spent fuel may be viewed differently by each
nation. The prospect of eventually recovering the residual f iss i le values in
spent fuel, in spite of present uncertainties regarding economics, need and
timing, may incline many nations toward maintaining control of spent fuel.
Other nations may view spent fuel and its associated storage problems as a
nuisance that may reduce operating flexibility at existing reactors or limit
the development of nuclear-energy programs. These nations may prefer to
transfer spent fuel beyond national control, if extended AR storage appear
po l i t i ca l l y and legally infeasible, or i f the licensing, construction,
and operation of a national AFR facility is uncertain.
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Supplier. Reprocessor, or International Control of Spent Fuel — Three
possibilities were considered that would allow nations to relinquish control
of spent fuel: return spent fuel to existing suppliers of enriched uranium
for interim storage; ship spent fuel to existing reprocessors, who would
store spent fuel on an interim basis subject to retrieval for reprocessing,
pending resolution of the technical, resource, and nonproliferation issues
related to plutonium fuel cycles; and ship spent fuel to multinationally or
internationally controlled fac i l i t ies that serve regional needs and arc
situated at sites geologically suitable for long-terra disposal, in which spent
fuel would be stored in a recoverable mode with subsequent release for
national needs when justified and under appropriate conditions*

The first possibility, returning spent fuel to the supplier nation, would
reduce accessibility to sensitive materials and could reduce reprocessing
pressures from AR spent-fuel accumulations* This possibil i ty, however,
raises significant questions for both suppliers and consumers. Consumers
may be concerned about transportation and storage costs, agreements relating
to final disposition, and the valuation of relinquished spent fuel. Suppliers
must consider their political, legal, and physical ability to handle the
storage of foreign spent fuel.

The second possibility may appear unattractive because of limited storage
capacity at reprocessing facilities and cost penalties associated with the
increased transportation requirements. While spent fuel would be removed
from national control, storage of spent fuel at existing reprocessing sites
could encourage the presumption of eventual reprocessing. In this case,
nonproliferation effectiveness would depend on the conditions under which
suppliers approve reprocessing of the fuel they supply and on the conditions
and criteria for storing and releasing the resulting plutonium.

The third possibility, interim storage of spent fuel under international
auspices, would remove some incentives for premature reprocessing. Problems
associated with an international facility could include the reluctance of many
nations to serve as storage sites. This approach, however, may aid the energy
development needs of those nations operating or planning reactors not involv-
ing plutonium recycle. Spent-fuel values would be available for national
needs if required for closed fuel cycles. Such international action could
diffuse the debate on waste management in some nations. Consequently, this
possibility could be an attractive alternative to national spent-fuel storage,
especially if final nuclear-waste products also remained abroad. Finally,
storage in large international facilities that may serve regional needs could
have financial advantages, particularly of economies-of-scale, for nations
with small nuclear-power programs.
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Observations

Although removal of spent fuel from national control is a nonproliferation
benefit in itself, i t could have the added advantage of reducing pressures
for near-term reprocessing. In addition, spent-fuel removal may be preferred
by man/ nations and reactor operators who nee spent fuel and i ts concomitant
storage problems as a liability that may reduce operating flexibility or
severely inhibit the development of nuclear power.

Of the alternatives that would remove spent fuel from national control—return
of spent fuel to supplier, storage at existing commercial reprocessing plant
sites, or construction of regional storage facilities under international
control—the development of the international system appears to serve well the
criteria of nonproliferation effectiveness, economics, energy interests, and
political feasibility. In addition, placing spent fuel under an international
storage system with acceptable release conditions could be a noncommittal
step toward the principle of internationalizing fuel-cycle a c t i v i t i e s .

The appeal of storage in regionally located, multinationally owned and managed
facilities depends on the advantage many nations see in trading acceptance
of international control of components of the fuel cycle for assured access
to fuel-cycle services. Its acceptability may also depend on the specific
criteria for determining spent-fuel values and the details of facility manage-
ment and operation. This alternative may not be feasible, however, in the
near term since the planning and development of suitable facilities may take
time. Thus, the limited return of spent fuel to supplier nations could be an
appropriate step in the near-term to reduce the proliferation, risks of
dispersed and growing accumulations of spent fuel and the concomitant pres-
sures for premature spent fuel reprocessing in cases where i t is not feasible
to expand sufficiently the capacity of existing facil i t ies.

Implementation of this approach would require the planning and financial
support for an international spent-fuel storage system, the s i t ing and
planning support to implement domestic storage of limited amounts of foreign
spent fuel until international facilities are deployed, assurance of the
availability of technical methods of expanding capacity at existing facil i-
t ies , and the development and demonstration of enhanced safeguards techniques
for spent fuel.
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3.2.3 Ultimate Spent-Fuel Storage

Summary

The institutional approaches to the management of highly radioactive wastes,
whether the wastes are spent fuel or the highly radioactive products of
spent-fuel reprocessing, are quite similar.

The management of spent-fuel assemblies requires the resolution of both
technical and institutional issues. There are technological uncertainties
about the safe storage of spent fuel for very long periods of time* perhaps
thousands of years. Accordingly, the institutional issues of facility manage-
ment and maintenance, financing, and security also pose very complex problems.
Ultimate spent-fuel storage or reprocessing following interim storage are two
possibilities in an orderly regime to manage spent fuel. In the latter case,
highly radioactive waste products require safe disposal. In either case, an
adequate response to nations' varied needs requires careful planning.

The waste-management issue lends itself to multinational solution. This
solution can be advanced through international cooperation in areas involving
both technical and institutional matters. Consequently, international spent-
fuel management could be provided at regionally located facil i t ies designed to
meet internationally agreed-upon health, safety, and environmental cri teria
for transporting and storing spent fuel. Cooperative efforts, rather than
national endeavors tailored to a particular nation's energy development plans,
could enhance security of supply, provide for more favorable economics, reduce
risk, and address siting restraints. Such factors would be particularly
at t rac t ive for nations with small nuclear-power programs lacking waste
handling and disposal technology.

An international repository, however, may require more time to develop and
implement than a national facility, since numerous legal instruments would
be necessary to specify management structure, operating conditions, equity
involvement, privileges, procedures for settling disputes, and conditions of
use.

As a step toward developing an international repository, internationally
accepted guidelines might be formulated for the conditions of access, manage-
ment, and operation; applications of international conventions on long-term
liability; facility-design criteria; and material-acceptance criteria.

3-11



D R A F T

Moreover, guidelines for the application of appropriate IAEA safeguards
procedures may be required as well as the development of conventions regarding
physical protection* These facil it ies should be designed both technically and
institutionally to accommodate high-level wastes from reprocessing and spent
fuel. Ultimately, efforts should be directed toward a nuclear code of conduct
for all radioactive waste faci l i t ies .

Not only could an international waste fac i l i ty receiving spent fuel for
ultimate disposal decrease the incentive Lo reprocess, but it also could
contribute to the nonproliferation regime because there would be fewer such
facilit ies than there would be in a regime consisting of national faci l i t ies .
Efforts to develop an international solution for waste management—a problem
shared by all users of nuclear energy—could provide a working example and a
forum to assist in the evolution of international systems to control more
sensitive components of the fuel cycle. Finally, should membership in the
facility depend upon participants' meeting an agreed-upon set of nonprolifer-
ation norms, nonproliferation objectives could be served directly.

Implementation of this approach would involve planning and developing an
international inst i tut ion to manage radioactive wastes, continuing to
participate in international cooperative efforts to demonstrate the tech-
nologies of permanent spent-fuel disposal and high-level waste management, and
participating in the development of adequate permanent disposal capacity,
including the siting, planning, and financing of regional faci l i t ies .

3 . 3 MEASURES AND ALTERNATIVES FOR CLOSED FUEL-CYCLE SYSTEMS

The components of closed fuel-cycle systems of primary concern include
reprocessing, plutonium management, fuel fabrication and FBR development.

3.3.1 Reprocessing

Existing Situation — Current international plans and policies regarding
reprocessing vary greatly. Some nations have built reprocessing facil it ies
and are offering reprocessing services to foreign users on a commercial basis.
These services are being developed primarily in anticipation of liquid-metal
fast-breeder reactor (LMFBR) requirements. They are also being developed to
relieve some of the technical and institutional problems associated with the
back end of the fuel cycle. In most cases, fast-breeder deployment plans have
slowed. Some nations are conducting R&D in reprocessing and have planned for
commercial-sized f a c i l i t i e s . Actual commitments, however, have become
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increasingly uncertain* Some nations either have no plans to construct
reprocessing facil it ies or r.o contract for reprocessing services or have
formally deferred reprocessing. Some suppliers retain a veto over reprocess-
ing of spent fuel originating with them as well as over disposition of the
resulting plutonlum- In this case, nations with operating reactors may not
have the freedom to reprocess or contract for foreign reprocessing services.
Finally, some supplier nations have agreed to exercise restraint over the
export of reprocessing equipment or technology.

These disparities in policy and practice complicate nuclear trade and oper-
ations, and result in a regime which is imperfect from a nonproliferation
viewpoint. Supplier-imposed conditions and constraints may be viewed as
arbitrary by some operators or customers of reprocessing f a c i l i t i e s . A
system offering mutually agreed-upon reprocessing procedures and controls
could be more efficient and preferable for nuclear-power planning.

Reprocessing f a c i l i t i e s of conventional design yield a product which is
directly or readily convertible to weapons use. Facilities under national
control, even if operated to yield a product not immediately convertible to
weapons use, present a proliferation risk through their inherent capability
to produce weapons-usable material. Institutional measures intended to
reduce these risks can include agreements on improved safeguards, on technical
or operating conditions, and on organizational or procedural arrangements.

Summary Assessment of Measures and Alternatives

Delayed Reprocessing — This alternative implies phasing out the operation and
planned addition of commercial reprocessing plants. Existing separated
plutonium would be stored or used only for carefully supervised advanced
reactor R&D. Nuclear power for some time to come would be based on once-
through reactor cycles with spent fuel put in retrievable storage. A decision
on reprocessing later would, however, remain open.

This approach raises resource, economic, commercial, waste, disposal, and
safeguards issues* Factors such as domestic nuclear-power opposition,
rising costs, or technical problems may lead some nations with advanced
nuclerr-power programs to delay indefinitely reprocessing and fast-breeder
progr.ms, but such a turn of events is far from certain. Assuming that such
events do not happen, and given the existing status of commercial and R&D
undertakings, this possibility would be very difficult to realize. If a
consensus were reached, however, i t would be relatively simple to implement
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since the principal problems would be providing for spent-fuel storage or
disposal and safeguarding spent-fuel and such storage or disposal facilities*

Reprocessing Limited to Existing Facilities — This alternative would limit
commercial reprocessing facilities to those countries now offering repro-
cessing services on a commercial basis. It serves the perceived energy
development needs of nations by providing that spent-fuel values would be
available for national needs when and if required. Also, reprocessing R&D
would be limited to states with advanced nuclear-power programs and existing
pilot— or laboratory-scale facilities. The nonproliferation costs of this
approach involve the use, however limited at first, of plutonium-based fuels
and the momentum that the market for reprocessing services could'provide for
wider—scale use of plutonium.

The advantage of economies of scale associated with large reprocessing
facilities and of operations associated with nationally run facilities would
be available. It would limit the number of locations at which sensitive
activities and materials would be present and subject to diversion or use for
other than declared purposes.

However, by limiting reprocessing facilities to nations which already have
them, this approach woul̂  fail to meet the demands or desires of some nations
for energy independence. Even in the absence of any current plans to pursue
reprocessing technology, the discriminatory nature of this restraint may be
unacceptable to some. Others may not wish to rely on foreign reprocessing
services. On the other hand, some nations may find this alternative suitable
for disposing of spent fuel that cannot otherwise be accommodated. Existing
reprocesso s might be attracted to this approach if it carried a longer-term
U.S. commitment to support reprocessing of U.S.-origin fuel.

Additional Large Faci l i t ies under International Auspices (Multinational
Centers) — This possibility would allow for new facilities required to meet
increased demand for fuel-cycle services to be under international auspices
and reprocessing training and research to be available to nations under
appropriate arrangements. The facilities would be sized to take advantage of
economies—of-scale. Overt diversion and the potential increase in the dis-
semination of technology are the proliferation risks of this approach.

The nonproliferation benefits that have been cited for multinational centers
are: the prospect that their successful operation may lead to a reduction in
the total number of national sensitive facilities which might otherwise come
into existence, and that the process of reaching agreement on their location
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would tend to result in safe s i t es ; the presence of stronger legal and
political barriers against withdrawal from or abrogation of safeguards and
other nonproliferation undertakings or against appropriation of the facilities
for national purposes; and the ability to offer greater assurance of detec-
tion, and thus of deterrence, of diversions than might be achievable through
safeguards alone. These benefits would supplement those inherent in the
international safeguards and nonproliferation arrangements applicable to the
facility as well as any proliferation-resistant technologies or procedures
which might be incorporated into the facility.

The attractiveness of this alternative to nations with advanced nuclear-power
programs would depend on how they would view a choice among having a large
reprocessing faci l i ty in their nation under international ownership or
control, joining some other multinational or international reprocessing
operation located elsewhere, contracting for foreign services, or developing a
national capability. The decision is likely to be influenced by the U.S.
ability to persuade reprocessors and prospective customers that the proposed
long-term internationalization of reprocessing would be a key consideration in
U.S. approval of reprocessing of U.S.-origin fuel for FBR R&D.

The attractiveness of this approach to other nations will also depend on the
advantage they see in trading acceptance of international fuel-cycle controls,
and the associated reduction of national independence in deciding on the
nature, amount, and timing of reprocessing services, for guaranteed access to
fuel-cycle services, including guaranteed access to spent-fuel values under
specified conditions. The assurance that reprocessing services will be
available when they are needed for FBR deployment would likely be seen as an
overall advantage. Furthermore, an association with nations which may possess
greater technical capabilities and more efficient and proven technology may
enhance the overall assurance of supply. Finally, the pooling of resources
could help to overcome financial difficulties which individual nations might
experience in attempting to provide the same services independently.

Making reprocessing training and research available under appropriate
arrangements and thereby removing what could otherwise be regarded as a
discriminatory aspect could also be an attractive feature. It would also tend
to reinforce a concept that nations have access to fuel-cycle services as well
as to spent-fuel values. From the standpoint of proliferation vulnerability,
providing the opportunity for training and research in reprocessing provides
for technology transfer and increases a national capability to proceed with a
clandestine reprocessing program. From the standpoint of energy development,
the training and research opportunity in reprocessing would benefit the
general nuclear-technology capability of the participating countries.
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National Reprocessing under Enhanced Safeguards — This alternative allows
nations to manage and operate reprocessing facilities for their own spent fuel
and that of customer states. There would be controls exercised by other
states (e.g., the original suppliers of materials) over reprocessing of
spent fuel or the subsequent disposition of its uranium and plutoniura content.
The only international involvement would be the application of IAEA
safeguards. In order to enhance the proliferation resistance of this alter-
native, design features should be incorporated in such facilities which would
facilitate the application of international safeguards. Moreover, safeguards
procedures and techniques would provide for the use of the most advanced
technology and for increased inspection access and frequency to improve
detection of any diversion or use of the facilities for other than declared
purposes.

Some nations may prefer not to forego having a national facility. However,
they may choose to rely on existing or internationalized reprocessing
facilities and services until national facilities are clearly justified by
economic and resource considerations. However, widespread national repro-
cessing fac i l i t i e s , even under enhanced safeguards and uti l izing more
diversion-resistant technologies such as coprocessing, would increase
proliferation risks.

The increased flows and stocks of separated plutonium and the concern whether
even technically perfect safeguards, by themselves, can provide timely warning
of diversion add to the proliferation risks of this alternative. Moreover,
the presence of such facilities in one nation, with their potential pro-
liferation risks, may stimulate the development of similar facilities in
neighboring nations.

Such a regime could provide maximum flexibility in national nuclear-power
decisions and would avoid the potential inefficiencies and complexities
that might exist in bi lateral arrangements and multinational operations
that involve supplier rights over the reprocessing and disposition of special
fissionable materials. However, the investment costs and incremental energy
costs could be higher if the national facility failed to take advantage of
economies of scale, experienced operational difficulties caused by tech-
nological or management deficiencies, or was forced to import technology at a
cost premium.
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Observations

Unlike enrichment services and the need for reload LWR fuel, there is no
obvious imperative for matching reprocessing capacity and services with the
amounts of spent fuel generated. Accordingly, if there are adequate uranium
resources, reprocessing capacity beyond that necessary to handle the R&D needs
for closed fuel cycles is not essential now. Assuming that interim spent-fuel
storage capacity exists, reprocessing need not be viewed as the inevitable
solution to waste-management problems, and long-term storage and even
permanent disposal of some spent fuel may be a viable alternative to repro-
cessing. Finally, based on NASAP resource and economic assessments, the
transition to the FBR does not appear economically justified in the U.S. until
2010 to 2030.

In light of this background and the assessment of these reprocessing
alternatives in terms of proliferation-resistance effectiveness and other
factors, i t appears appropriate to foster a regime in which the deployment
and the dispersion of commercial reprocessing facilities would be limited.
Specific objectives could involve encouraging reliance on existing commercial
ventures and limiting R&D in reprocessing technologies to those nations
currently supplying reprocessing services and to those nations where there
is clearly an economic and technological justification.

Nonetheless, some nations may not share the U.S. view on the timing and
necessity of commercial reprocessing. Thus, if commercial reprocessing
develops, there would be less proliferation risk if services were provided
by a few large facilities under international auspices and if those services
were supplied to schedules driven by FBR and advanced-reactor R&D needs
where there exists both an economic and a technical justification. Thus, in
the longer term, the use of appropriate diversion-resistant technologies and
international control of commercial reprocessing fac i l i t ies should be
encouraged.

Implementation of the above approach would involve developing advanced
safeguards technologies, and procedural and management systems to strengthen
the application of IAEA safeguards at reprocessing facilities; performing
further R&D on technical approaches, such as coprocessing and proliferation-
resistance engineering concepts; and, in cooperation with other current
suppliers of uranium and fuel-cycle services, offering credible nuclear
fuel-supply guarantees and other incentives which may aid in reducing the
need for and number of commercial reprocessing f ac i l i t i e s , as well as
reprocessing R&D facilities, except where justified on clear economic and
technical grounds.
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3.3«2 Plutonium Management

Existing Situation — Stocks of plutonium in excess of immediate needs for
specific civilian power and R&D purposes are likely to exist: in an increas-
ing number of nations. While controls over separated plutonium may not
entirely eliminate those risks, they can help to reduce them*

The need for special controls applicable to plutonium stocks in excess of
immediate needs for power and research was provided for in the statute of the
IAEA. In consenting to special controls over plutonium, nations whose nuclear
facilities are currently subject to IAEA safeguards need not alter their
existing positions regarding the fundamental basis for nuclear safeguards.

Currently, there is no international consensus about the urgency, economics,
or diversion risks associated with the use or conditions of use of plutonium
in reactors. Some nations have deferred the use of plutonium in either LWR's
or FBR's. Others have, or plan to have, reprocessing facilities to separate
plutonium for eventual use in thermal recycle, R&D, or in experimental FBR's.
Finally, some supplier nations (of either fuel or reprocessing services)
exercise veto rights over disposition of extracted plutonium.

The present diversity in viewpoint and policy is accompanied by political
complications and planning uncertainties. Nations considering reprocessing
of their spent fuel to recover to fissile values may not have complete freedom
of choice and may not be able to plan their nuclear programs with confidence
on matters where decisions are out of their hands and in the absence of agreed
guidelines. However, the diversity of practices may leave serious prolifera-
tion vulnerabilities in connection with plutonium fabrication, reprocessing,
storage, shipment, and use. Until these vulnerabilities are reduced, some
suppliers may remain unwilling to supply fuel and services without retaining a
voice in their use or their by-products. If reprocessing proceeds, a
generally accepted plutonium-management regime could remove some tensions and
uncertainties, and strengthen barriers against diversion and proliferation.

Summary Assessments of Measures and Alternatives

Deferral of Commercial Plutonium Separation — For this approach to be
realized, nations now planning the recovery and use of plutonium as fuel would
have to conclude that the economic and other justifications are not strong
enough to outweigh the disadvantages of proceeding with plutonium separation
on a commercial scale. Even if al l commercial plutonium separation were to
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cease, considerable amounts of plutonium already separated or in process would
exist, and FBR development and demonstration projects would be underway* The
need for FBR R&D, at least against the contingency that it will be needed a
few decades hence, argues that the total cessation of plutonium separation is
not likely or practical. Thus, the problem of managing plutonium is to some
extent already with us and may weli intensify in the near future* Regardless
of the resolution of the near-term commercial 'ise of plutcmium fuels, there is
a present case for examining whether there are ways to strengthen inter-
national measures, technical and institutional, to guard against misuse of
plutonium and to reduce fears of misuse that hamper planning for its utiliz-
ation as reactor fuel*

Storage at Existing Commercial Reprocessing Facilities under International
Auspices — This alternative would subject all separated plutonium to enhanced
safeguards, provide for storage of it in those nations providing commercial
reprocessing services, and subject it to release conditions specified by the
fuel supplier* It would not, however, minimize the risk of possible diversion
of stocks of plutonium already existing* Placing all separated plutonium
under an international management regime would enhance physical security and
safeguards over plutonium and mitigate the proliferation risks of separated
plutonium. Furthermore, an International plutonium management regime with
rigorous release criteria and conditions on use would be an important step
toward establishing the principle of international control of activities
involving plutonium.

Storage arrangements would be directed to counter the diversion and
proliferation risks of only one stage of the fuel cycle, albeit an important
one. The risks of diversion and proliferation associated with the flow of
plutonium in the preceding stages of reprocessing and shipment, and the
subsequent stages of fabrication, shipment, and use, would remain to be dealt
with. The technical and procedural barriers mentioned in the preceding
subsection, with their associated advantages and disadvantages, could be
considered in conjunction with any storage regime.

The extent to which this alternative serves the energy development needs of
various groups of nations is dependent on the conditions of release of
plutonium for national use. National energy development needs would
apparently be met by the release of plutonium when and if required for reactor
R&D or FBR deployment, should it ultimately be justified. However, depending
on the nature of the release criteria, this approach may be found discrimina-
tory and unacceptable by some nations.
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Release conditions applicable to plutonium under such storage regimes would
have both operational and proliferation significance. Nations nay wish to
be able to withdraw plutonium on demand for civilian power uses under IAEA
safeguards* The language of IAEA Article Xli.A.5, makes clear, however,
that such withdrawals must be i specific uses and that plutonium in excess
of what is needed for such specified uses may be required to be deposited
with the IAEA. The validity of stated needs for withdrawal and the existence
of any excess stocks of plutonium in national hands would be subject to
IAEA verification.

The feasibi l i ty of this approach is dependent on acceptance by nations
with advanced nuclear—power programs, in light of their specific commitments
to FBR development. The balance of advantage to these nations lies in the
international acceptance of existing programs for FBR development and,
implicitly, reprocessing. Acceptance of international plutonium control may
be made possible by the desire to proceed with these programs and to secure
the benefits of a longer-term U.S. commitment to deployment of FBR's by
permitting the requisite reprocessing of U.S.-origin, fuel.

In this respect, a successful outcome is likely to depend heavily on whether
nations can be persuaded that the proposed long-term internationalization
of plutonium management is a prerequisite for reprocessing and release of the
recovered plutonium for FBR R&D. The attractiveness of this alternative to
other nations will depend on the advantage they see in trading acceptance of
international controls for guaranteed access to fuel-cycle services, including
guaranteed access to plutonium under specified conditions. Important to their
consideration will be the quality of the fuel assurances to be provided in the
near term.

Agreed Code of Practice for National Facilities — If plutonium is to be
separated and used, then, at the very least, the conditions for these activi-
ties should be proliferation-resistant and codified. Reprocessing might be
limited to a minimum number of secure national facilities. Conversion and
fabrication could be colocated with reprocessing to minimize shipment, with
i ts attendent vulnerability to seizure or accident. By agreement, either
general or ad hoc, among fuel suppliers, reactor operators, and reprocessors,
the accessibil i ty of weapons—usable plutonium could b» reduced by such
measures as maintaining a radiation barrier through partial decontamination,
spiking, or irradiation; maintaining a chemical separation barrier through
coprocessing or blending, plus perhaps the shipment of fully fabricated
elements from reprocessing centers to reactors; delaying the shipment of
plutonium to reactors or research facilities until needed, and placing inter-
national shipments under strict physical security; and promptly inserting fuel
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elements into reactors, after which they would be protected by radiation, with
monitoring and verification by IAEA.

Such measures, to the extent they were adhered to, would provide some regula-
tion of plutonium traffic and some useful barriers to diversion or seizure.
For nations with a reprocessing capability or potential, however, such means
would not eliminate the presence of plutonxum in readily separable forms.
Moreover, such means are costly and create additional operating problems.

National Discretion as to Separation and Disposition of Plutonium under IAEA
Safeguards — This alternative assumes that national separation and use of
plutonium would be on an ad hoc basis and subject to IAEA safeguards.
It is the least proliferation-resistant of the alternatives presented. In the
near future, plutonium is projected to be generated at a rate well in excess
of anticipated use for thermal recycle or FBR start-up; if reprocessing
proceeds in order to build up plutcnium inventories or as part of a waste-
management strategy, growing plutoniysi stocks could create growing prolifer-
ation risks.

Nations favoring separation and use of plutonium in the near future may make
strong arugments in favor of this alternative on grounds of resource ut i l iz-
ation, energy requirements, and technical maturity; however, serious questions
wil l remain regarding the economics of plutonium ut i l iza t ion and, more
importantly, the adequacy of IAEA safeguards against misuse of separated
plutonium, unless supplemented by additional technical and institutional
measures. Such important questions will need to find persuasive answers if
the current reluctance of some suppliers—not only governments, but effective
public and legislative opinion—is to be overcome and plutonium separation
and use are to be accepted.

Observations

A fundamental aspect of the nonproliferation question involves the following
issues: how to deal with existing stocks of separated plutonium, how to
control its future dispersal, and how to prevent its use for the manufacture
of nuclear weapons. Achieving international control of separated plutonium
through a plutonium-management regime appears to be an important nonprolifer-
ation objective.

In addition, a plutonium-management regime could establish both a precedent
and the momentum toward the principles of internationalization of sensitive
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act iv i t ies and furthering cooperation in future FBR R&D. This regime would
involve a set of nonproliferation norms; these norms could provide for storage
s i tes in a few locations under international control and for release only when
standardized and rigorous criteria for need are sat isf ied. If a standard set
of release criteria i s negotiated internationally and applied impartially,
supply assurance would be enhanced. In i t ia l ly , these criteria might specify
the intended use (in an identified reactor fac i l i t y ) , the time (for use within
a particular f a c i l i t y ) , and the form (either fabricated fuel or bulk MOX).
Furthermore, use might be conditioned on the demonstrated abil i ty to safeguard
and protect the plutonium and on the specific requirements for retransfer and
re-use.

Implementation of a plutonium-management regime would include developing and
demonstrating enhanced safeguards for separated plutonium, and providing
planning and financial support.

3-3.3 Fuel Fabrication

Summary

Uranium fabrication f a c i l i t i e s are often operated by reactor suppliers or
their subsidiaries. However, fuel fabrication represents a relatively small
part of the total nuclear system and does not require as large a technical
or financial commitment as does manufacturing nuclear steam-supply systems.
In fac t , fuel fabricat ion has often been viewed as an early step in the
development of indigenous nuclear manufacturing capabil it ies , and i t s deploy-
ment has been relatively widespread.

Uranium oxide fuel-fabrication services are currently offered by 13 nations,
9 of which have constructed or exported nuclear steam-supply systems. If
current plans are realized, an additional 6 nations wi l l acquire a fuel-
fabrication capability.

Experience with mixed-oxide (MOX) fuel fabrication has been much more limited.
Whereas no fully commercialized MOX fabrication f a c i l i t i e s currently exist ,
pilot-scale or prototype full-scale fac i l i t i e s , which are important for
personnel training and attaining reliable commercial-scale practice, exist or
are under consideration in several countries. Some of these facilities have
been colocated with fuel-reprocessing facilities. However, there is some
concern, were plutonium-based fuels to become commercially deployed, that
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the deployment of MOX fabrication facilities could follow the pattern of
uranium fabrication facilities.

Two general approaches which might limit the proliferation risks associated
with MOX fabrication facilities involve colocation of fuel-cycle facilities
and the avoidance of premature commitments to fuel cycles requiring MOX fuel
fabrication. Commerce in bulk plutonium materials that srp in weapons-usable
form or in forms that are relatively easy to exploit for weapons purposes
would be reduced if fabrication facilities were colocated with reprocessing
facilities. An approach to limit fuel-fabrication facilities might include
discouraging the fabrication of MOX fuels, particularly for recycle in
thermal reactors, until appropriate arrangements which would reduce the
proliferation risks of wide-scale use of plutonium could be implemented.

Because of the current uncertain resource needs and economics of thermal
recycle, i t is doubtful that commercial recycle will be realized in the near
term. However, since some nations may believe recycle is an important means
of achieving energy security and uranium resource savings, an experimental
program involving plutonium-based fuels may be implemented for early devel-
opment. International cooperation could help structure and implement
institutional arrangements for fuel fabrication under improved safeguards.
While new arrangements may require time for negotiation and establishment,
they can develop from existing facilities or at the planning stage for future
f ac i l i t i e s . Under such an approach, plutoniuia-based fuels for FBR and
advanced-reactor R&D would be fabricated in facilities under enhanced safe-
guards and international auspices. Energy needs and supply security should be
enhanced through an international arrangement which may also offer economies-
of-scale.

The proliferation risks could, in principle, be great*;. . . fabrication took
place, instead, under national auspices. However, if this activity were to
take place in response to programmatic needs for FBR R&D and later deployment,
the practical impact on proliferation risks is likely to be small in this
century because there is no realistic schedule for large-scale commercial
deployment of the FBR before 2000.

A situation which would entail greater proliferation risks would occur if
fuels for thermal recycle were also fabricated under national auspices in
the near term. Accordingly, this possibility would be unattractive to nations
concerned about proliferation risks. These nations would have to be persuaded
to drop their objections in light of strong technical, resource, and economic
arguments.
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In summary, commercial applications of plutonium-based fuels are l ike ly
to be quite limited in the near term. Accordingly, there is time for nonpro-
liferation efforts to be directed at building institutional options that
discourage the premature and dispersed fabrication of plutonium-based fuels.
And when justif ied, such fabrication should occur under enhanced safeguards,
under international control, and in conjunction with cooperative R&D programs.

Working toward the above objectives involves continuing to defer commercial
reprocessing and thermal recycle, allowing foreign reprocessing of U.S.-
supplied fuel to ensure the adequacy of plutonium resources for cooperative
FBR. fuel R&D, and leading the development and demonstration of enhanced
safeguards for plutoniurn-based fuel fabrication.

3.3.4 Fast-breeder Reactor Development

Summary

From the standpoint of both nonproliferation and energy development, the focus
of attention for the long term wil l be the LMFBR. The LMFBR dominates many
discussions of a proposed transition to the nuclear-power economy of the next
century because of the commitments and investments already made by nations
with advanced nuclear-power programs. This transition date remains tentative,
however, since most nations, including those with advanced FBR R&D programs,
have experienced repeated delays in their nuclear-power development plans.
Moreover, i t appears that economic considerations favor a trend toward
large generating units suitable for installation in large interconnected
electric grids.

There are technological and ins t i tu t iona l problems associated with the
materials that the FBR produces and the fuel-cycle fac i l i t i e s that the FBR
requires. Accordingly, one approach would be to continue FBR R&D already
under way but to defer commercial deployment of the FBR unt i l adequate
safeguards for the reactor and i t s fuel cycle are in place and until the
uncertainties about FBR needs and economics have been reduced. When these
needs are determined, other nations could make arrangements for FBR training
and research with nations with advanced FBR programs.

This approach could reduce prol i ferat ion vulnerabi l i ty by deferring the
deployment of FBR's unt i l more e f f ec t ive safeguards for the reactor and
fuel cycle are es tabl i shed . However, there i s the danger that l imit ing
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reprocessing and plutonium use could instead lead to pressure for access to
relevant technologies•

Nations with advanced nuclear-power programs may favor the approach because i t
reinforces existing programs for FBR development. While i t would also be
compatible with the programs of those nations who are not planning for plu-
tonium recycle, i t may not address the perceived demands or desires of other
nations. In exchange, however, i t provides that as programmatic needs become
clear, a l l nations would have the opportunity to improve their technology
base, training, and experience through cooperative arrangements with nations
having FBR programs. FBR deployment programs could be developed later, i f
needed, and as e l e c t r i c grids became large enough to accommodate them.
Proliferation risks might be increased in th is case because sensit ive tech-
nology would be transferred under cooperative FBR training and research
programs. In addition, premature interest in and commitment to reprocessing
and FBR's might be stimulated. An approach in which additional national
FBR R&D programs were undertaken would c l ear ly exacerbate these r i s k s .

In summary, to further nonproliferation objectives, inst i tut ional efforts
could be directed at discouraging premature sensi t ive R&D act iv i t i e s taken
in conjunction with FBR development. In exchange, nations with advanced FBR
R&D programs could offer the use of existing large research reactors, c r i t i ca l
f a c i l i t i e s , and domestic f a c i l i t i e s to other nations when a clear programmatic
need developed. This approach would involve offering credible supply assur-
ances and other Incentives that may be required to discourage premature FBR
commitments, and leading the development and demonstration of enhanced
safeguards for FBR deployment.
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