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UNIDIR focus



The agreement late last year in the CD to establish an Ad Hoc Committee to negotiate a ban
on the production of fissile material has encouraged UNIDIR to dedicate this issue of Disarmament
Forum to that topic. Included are forward-looking appraisals written by experts on what will be key
factors, topics and divisions in the negotiations. Also included in this issue is a completely updated
edition of The Fissile Material Cut-Off Debate: A Bibliographical Survey (UNIDIR Research Report
no. 38), first published in 1996. This is a useful compilation of recent articles in English and French
concerning fissile materials.

In addition to this issue of Disarmament Forum, UNIDIR has two other forthcoming publications
on the topic of fissile materials: Fissile Material Stocks: Characteristics, Measures and Policy Options,
by William Walker and Frans Berkhout, and Stocks of Fissile Materials for Weapons Purposes, by
Frans Berkhout. These three publications will be useful tools for those who follow or participate in
the negotiations.

Sadly, the fissile material negotiations have been slow off the mark in 1999. The first session of
the CD has ended with little movement on this issue. The ongoing disagreement on the most basic
items � as evident in the controversy over what to call the treaty � has entrenched many divisions
before the actual negotiations have even started. In this vein, we received the following poem
venting one anonymous individual�s frustration with disarmament negotiations getting caught up in
minutiae.

A Comment on the Comma

The misuse of the humble comma
Lends license to the nuclear bomber

A comma in its proper place
Can serve to save the human race

But have you ever seen a nation
Destroy itself through punctuation

The new UNIDIR research project, The Costs of Disarmament, is getting underway. This year-
long project will examine a few key countries as examples and carefully research what their
commitments to disarmament treaties mean to them in terms of financial and resource costs. In
addition, the project will try to ascertain what each country perceives are the benefits brought to
them through their participation in the agreements and whether there is consensus that there is a
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net gain to the state in question. The aim of the project is to achieve a better understanding of the
costs and benefits of disarmament agreements with a view to assisting policy-makers to decide how
money is spent on such commitments, which budget lines are best structured to handle such spending
and how states could approach this aspect of negotiations in the future.

We have received a lot of positive feedback on the first issue of Disarmament Forum. Please
feel free to send your comments or suggestions to dforum@unog.ch.

Kerstin Hoffman



SPECIAL COMMENT

Banning the Production of Fissile Material

for Nuclear Weapons or other Nuclear Explosive Devices

The ‘nuclear age’ since 1945 has been dominated by two contrasting trends. One has been the
development of nuclear weapons by various countries, primarily by the five nuclear-weapon states
(NWS) acknowledged by the Treaty on the Non-Proliferation of Nuclear Weapons (NPT) but also by
several other states as well. The other has been the efforts by the international community to secure
the elimination of nuclear weapons by those states which have them and the prevention of the spread
of nuclear weapons to others. The attainment of these two latter objectives — classically, nuclear
disarmament and nuclear non-proliferation — remains vulnerable to broader political and security
developments globally and regionally. The 1990s have been schizophrenic in that regard — it has
been a decade of both great promise and of vision-shattering disappointment. The great challenge
now facing the global community is to regain and realize the promise while overcoming the
disappointment.

The renewed effort in recent years to achieve a multilateral treaty banning the production of
fissile material for nuclear weapons or other nuclear explosive devices is taking place in the above
context. While the goal is not a new one — its roots can be traced back to the first annual report of
the United Nations Atomic Energy Commission in December 1946 — its definition and the
environment within which its attainment has been sought have evolved over the past half-century. In
the late 1990s that environment is defined by both history and by current events. While some positive
progress has been made, the five NWS continue to possess large inventories of nuclear weapons; the
plans and actions of several other states are highly relevant in this respect. Estimates have been advanced
that among these states there are enormous stocks of weapons-usable fissile material, that is, 250
metric tons of plutonium and 1,700 metric tons of highly enriched uranium. These facts, and the
recently heightened uncertainties triggered by the May 1998 nuclear explosions conducted by India
and Pakistan, will dictate the framework for the negotiation of such a treaty.

So where are we in the spring of 1999? The Conference on Disarmament is trying to regain the
momentum gained in August 1998 when it decided to negotiate “on the basis of the report of the
Special Coordinator (CD/1299, 24 March 1995) and the mandate contained therein, a non-
discriminatory, multilateral and internationally and effectively verifiable treaty banning the production
of fissile material for nuclear weapons or other nuclear explosive devices” (CD/1547, 12 August 1998).
While the specific mandate provided in this formulation focuses on the production of such material,
the formulation also explicitly provides that no delegation is precluded from raising for consideration
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certain other issues such as past production (or stocks) as well as the management of such fissile
material. So the immediate challenges are to secure agreement on the re-establishment of the Ad Hoc
Committee from 1998 and to begin negotiations within an approach responsive to the above
considerations. Significant challenges indeed!

Moreover there is no doubt as to the complexity of the negotiation process. Vulnerable throughout
to political and security developments external to the Conference on Disarmament, the negotiations
will almost immediately begin to address three categories of overlapping issues. First will be so-called
‘conceptual parameters’ which in addition to the stocks issue will include questions such as the political-
legal characterization of prospective states parties and possible moratoria on current production.
Fundamental strategic issues such as scope, definitions and verification will need to be confronted. And
sooner rather than later structural matters (e.g. governance, verification machinery, financing) will
need to be considered. The difficulties to be overcome are almost overwhelming; most delegations
anticipate a lengthy and arduous negotiating process.

But it is essential that the Conference devote itself to these negotiations. Following upon the
negotiation of the Comprehensive Nuclear Test-Ban Treaty in the mid-1990s, this is the logical next
step in the multilateral nuclear disarmament/nuclear non-proliferation process. If momentum is not
maintained in this process, then the risk will grow, as in the bilateral nuclear disarmament field of
START, that not only will further progress evade us but that we may well begin to fall back from
attaining our twin objectives. A viable, credible and effective ban on the production of fissile material
for nuclear weapons and other nuclear explosive devices will cap existing stocks, will open the door to
reducing and eventually eliminating those stocks, and will add incremental weight to existing nuclear
disarmament and nuclear non-proliferation measures. These are outcomes worth pursuing now more
than ever.

Ambassador Mark Moher
Permanent Mission of Canada to the United Nations



A treaty to ban the production of fissile materials for weapons purposes � highly enriched
uranium or separated plutonium � and to place all remaining production of these materials under
international safeguards, has been gaining recognition in the past years as the next major nuclear
treaty to be negotiated by the multilateral negotiating forum of the Conference on Disarmament
(CD). To date, four of the five nuclear-weapons states (NWS) have announced their cessation of
fissile material production. However, a universal fissile material treaty will be necessary in order to
include all states capable of producing weapon-usable fissile material, to put a legally binding cap
on production, and to allow for verification of civilian production in all nuclear-capable states.

There are two broad issues that will complicate negotiations. The first concerns scope: will the
treaty be strictly a non-proliferation measure, or will it be linked to disarmament as well? As originally
conceived, the treaty would address only future production of fissile material, not existing stocks,
hence the name �Fissile Material Cut-off Treaty.� However, many countries regard such wording as
merely a non-proliferation measure and insist that existing military stockpiles be reduced as well.
The second issue concerns verification. A verification regime will be necessary to ensure compliance
and will likely be applied in a manner similar to IAEA safeguards in non-nuclear-weapon states. How
comprehensive such a regime might be will depend on the scope of the treaty and the costs of
implementation. While the NWS in particular favour more limited safeguards covering only production
and reprocessing facilities, others have called for comprehensive safeguards in order to put all states
on equal footing.

Interest in a fissile material treaty dates back to the early years of the nuclear age. In 1946 the
United Nations Atomic Energy Commission adopted the Baruch Plan, a proposal calling for
international regulation of atomic energy. Eisenhower�s �Atoms for Peace� speech in 1953 hinted at
a ban on production of fissile materials for weapons purposes. In the following decade, numerous
proposals were presented by the Soviet Union and Western countries calling for the cessation of
fissile material production and agreements in which fissionable materials would no longer be used
for weapons purposes. The Tenth Special Session of the United Nations Devoted to Disarmament
(1978) included a proposal by Canada that called for the banning of fissile materials for use in
weapons as one step in a process of �suffocating� nuclear proliferation. In a 1980 document [CD/90]
entitled �The Prohibition of the Production of Fissionable Material for Weapons Purposes,� Canada
and Australia trace the evolution of global thinking on a fissile material treaty, and show that �in one
form or another, a proposal to prohibit the production of fissionable material for weapons purposes
has been before the multilateral disarmament negotiating body for nearly twenty-five years. At

BACKGROUND

Rebecca Stevens is a student at the Monterey Institute of International Studies and is currently participating in
the International Organizations and Nonproliferation Project's internship programme.
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various times, concrete suggestions have been advanced by States from all groups, while at other
times the proposal has slipped into the background. At no time, however, has the proposal been
discarded as either impracticable or unattainable.� However, during the Cold War, the proposal
stood little chance of reaching the negotiating table, as the two superpowers were reluctant to
freeze their stockpiles at a level lower than that of their rival. It was not until December 1993 that
the United Nations General Assembly reached a consensus resolution calling for negotiations on a
treaty to ban the production of fissile material. The CD, in its 1994 session, appointed Canadian
Ambassador Gerald Shannon as a Special Coordinator. Over the course of the next year, Ambassador
Shannon consulted with CD members and in March 1995 the CD adopted the �Shannon Report�
agreeing to establish an Ad Hoc Committee to negotiate the treaty. The �Shannon Mandate� contained
within this report is based on the General Assembly resolution of 1993, which directs the Ad Hoc
Committee to negotiate �a non-discriminatory, multilateral and internationally and effectively verifiable
treaty banning the production of fissile material for nuclear weapons or other nuclear explosive
devices.� But because the CD was unable to reach consensus regarding the mandate of the treaty,
the Shannon Report does not preclude any delegation from raising the issues of scope and verification
within the Ad Hoc Committee.

The continuing disagreement in the CD regarding linkage to nuclear disarmament prevented
the establishment of an Ad Hoc Committee on fissile material negotiations for another three years.
In August of 1998, the CD established an Ad Hoc Committee under the leadership of Canadian
Ambassador Mark Moher. The committee met only twice before the end of the final session, but it
was hoped that it would be re-established early in 1999, and that substantive negotiations would
begin this year. As we go to press, agreement on the CD�s Programme of Work has yet to be
reached. This impasse, centring on nuclear disarmament and the militarization of outer space, has
delayed the beginning of negotiations on fissile materials. UNIDIR is not alone in hoping that consensus
can be found soon and negotiations begin in the second CD session of 1999.

Rebecca Stevens



First surfaced on the nuclear disarmament agenda in the 1950s, the concept of a cut-off
of the production of fissile material for nuclear weapons took on new life in the early
1990s. Hopes were high that negotiations on a Fissile Material Cut-off Treaty (FMCT)

would soon begin at the Geneva Conference on Disarmament (CD). This promise collapsed in
1995, when apparent agreement on a mandate to begin negotiations in the CD broke down. Perhaps
surprisingly, the May 1998 nuclear tests by India and Pakistan gave renewed impetus to a FMCT and
negotiations have now begun at the CD.

Successful negotiation of a FMCT (or cut-off, for short) will require that many technical issues
be resolved, from defining what materials a cut-off will cover, to developing specific procedures for
verification. But getting from today�s negotiations to tomorrow�s treaty will demand that the negotiating
parties define what is meant by a cut-off. Both more streamlined and more ambitious approaches
have been put on the table. In that regard, three especially tough political issues will need to be
sorted through. These are:

• differences over the scope of a cut-off verification regime, including especially whether to use
that regime as a means to equalize the safeguards burden between the nuclear-weapon states
(NWS) and the non-nuclear-weapon states (NNWS) parties to the Nuclear Non-Proliferation
Treaty (NPT); 1

• differences over how cut-off negotiations should handle past production and existing stocks of
weapon-usable fissile materials; and not least,

• convincing key countries, including such critical countries as India, Pakistan and Israel as well
as the five NWS, that a FMCT is in their political/security interest or, barring that, determining
whether a cut-off must be universal from the start.

This paper briefly examines each of these three issues. Its purpose is not to provide definitive
answers to them but rather to carry on a debate that already has begun. Its basic message is clear:
prospects for successful negotiations will be enhanced by streamlining our objectives and not trying
to make a FMCT carry too much of the future nuclear non-proliferation and disarmament agenda.
It may also be necessary to trim our commitment to universality as of entry into force, and instead
accept the possibility of a more evolutionary process of adherence.

Dr. Lewis A. Dunn is Director, Center for Global Security and Cooperation, Science Applications International
Corporation. The views herein are those of the author and not necessarily those of SAIC or any of its sponsoring
agencies.

A FMCT:

Can We Get from Here to There?

Lewis A. DUNN
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Cut-off Verification and the Safeguards Burden

Under the NPT, the NNWS have agreed to accept comprehensive safeguards, including extensive
routine inspections and other monitoring by the International Atomic Energy Agency (IAEA), on all

of their peaceful nuclear activities. By contrast, under the NPT,
the NWS are not legally obligated to accept such international
safeguards. Led by the United States and the United Kingdom,
the five NWS have each made so-called �voluntary offers� to
permit the IAEA to conduct inspections of their peaceful nuclear
facilities. The scope of these voluntary offers varies considerably,
however, in terms of facilities covered. In practice, moreover,
the IAEA has only inspected a sampling of the peaceful facilities
of NWS.

In some NNWS, there is considerable sentiment to use a
cut-off verification regime as a means to �rectify� this situation

and impose a more equal safeguards burden on the NWS. Supporters of this view argue that a cut-
off verification regime should be comprehensive in scope and draw extensively on the elements of
traditional safeguards under INFCIRC/153. In effect, the regime would be designed not simply to
monitor the shutdown of production activities related to nuclear weapons, but to bring under
international inspection all non-military nuclear activities in the NWS. It would monitor any residual
production of plutonium and highly enriched uranium (HEU), as well as the status of former production
plants and also spent fuel.

By contrast, a more streamlined verification approach would concentrate on monitoring declared
enrichment and plutonium production facilities, including shutdown facilities. Rather than monitoring
the full fuel cycle, it would track any production of plutonium or HEU up to the point that such
materials were used for a permitted civilian nuclear purpose. It would rely on challenge inspections
to detect undeclared facilities or diversion of materials from declared enrichment or reprocessing
facilities producing materials for civilian purposes or non-proscribed military purposes, such as naval
reactor fuels.

Proponents of a more comprehensive verification regime argue that it would foster greater
transparency among the five NWS, lessen mutual suspicions among them, and enhance wider
confidence in their compliance. At root, however, their advocacy of this approach reflects a strong
underlying political interest in equalizing the burden of safeguards.

Pursuit of that political interest could well be self-defeating to the goal of realizing a treaty.
Extending the scope of a cut-off verification regime to encompass routine inspections of the full
peaceful nuclear fuel cycle would most likely increase opposition to such a treaty in key countries
such as Israel, India and Pakistan. Indeed, one reason for some Indian officials� past opposition to
cut-off negotiations in the CD almost certainly has been concern that a FMCT is the NPT in disguise.
Similarly, in some of the NWS, not least China, a more expansive verification regime would likely
reinforce Chinese suspicions of on-site inspections and provide that country with a rationale for not
agreeing to a formal production ban. Considering the Russian Federation is already financially unable
to meet its arms control obligations, the increased costs of a more expansive verification approach
would strengthen opposition to the cut-off. Costs also could play heavily in any debate in the United
States Senate about ratification of a future FMCT.

In the final analysis, technical as well as political considerations will shape the contours of
FMCT verification. Nonetheless, these risks all suggest that prospects for successful negotiations will

Led by the United States and the
United Kingdom, the five NWS have each
made so-called �voluntary offers� to
permit the IAEA to conduct inspections
of their peaceful nuclear facilities. The
scope of these voluntary offers varies
considerably, however, in terms of
facilities covered. In practice, moreover,
the IAEA has only inspected a sampling
of the peaceful facilities of NWS.
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likely be increased by taking a more narrow rather than a more expansive approach to that verification
task.

Existing Stocks and FMCT

Perhaps the most vexing political challenge likely to confront the CD negotiations will be how
to handle the question of existing stocks�what, if anything, should be done in a future FMCT on
the matter of previously produced stockpiles of plutonium and HEU. Differences on this matter
helped block the start of negotiations in 1995 and very different perspectives persist.2  In differing
degrees, each of the five NWS has indicated its belief that the question of existing stocks extends
beyond the purview of a FMCT. Several Western countries and some key developed countries, by
contrast, have pressed strongly for covering existing stocks of weapon materials in a FMCT, arguing
that not to do so would be to leave an important gap. Among the nuclear-capable countries, India
and Israel have argued against expanding the scope of a cut-off agreement, while Pakistan has been
one of the leading voices for using a cut-off treaty at least to increase transparency for existing
stockpiles of weapon-usable plutonium and HEU.

Given these contending positions, any progress on the issue of existing stocks will call for either
a major change of position on the part of one of the key participants or some very creative diplomacy.
In regard to the latter, at least three broad approaches for dealing with existing stocks in the context
of FMCT negotiations are conceivable and may warrant further discussion. None of these approaches
seeks to use a FMCT as a nuclear disarmament measure. These are:

• signal the international community�s interest in dealing eventually with existing stocks but set
the issue aside for now, to be addressed later through follow-on actions and negotiations;

• require declarations of existing stocks of plutonium and HEU produced for weapons under a
FMCT; or

• seek enhanced voluntary transparency and controls on all plutonium and HEU parallel with
FMCT negotiations, whether unilateral or multilateral.

I will consider each possible approach in turn, including its dimensions as well as its pluses and
minuses.

SEND A SIGNAL AND SET THE ISSUE ASIDE

This approach begins from the premise that the top priority in the cut-off negotiations is two-
fold. First, a cut-off seeks to turn an apparent de facto cessation of the production of plutonium and
HEU for nuclear weapons on the part of the five NWS into a formal treaty ban. Second, a cut-off can
help contain the risk of a nuclear arms race in South Asia, while capping the nuclear weapon
programmes of India, Pakistan and in the Middle East, Israel. The �send a signal� approach recognizes,
however, that there is considerable interest in many quarters in greater transparency over and
eventual reductions of existing stockpiles of nuclear weapons materials.

Balancing these considerations, this approach would begin by seeking to include appropriate
language in the preamble to a FMCT to signal the international community�s interest in further steps
by the parties to deal with this matter. Partly modelled on preamble of the 1963 Limited Test Ban
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Treaty, such language could take many forms. It might range from a very general recognition of the
importance placed by many countries on new measures to address this question to more specific
undertakings. Among the latter might be, for example, expressions of the parties� intent, in so far as
practicable, to bring additional surplus weapon materials under international safeguards, to enhance
transparency concerning their stocks, or to reduce and eventually eliminate all stocks of nuclear
weapon materials. A general reference looking forward to future negotiations to extend international
regulation of nuclear weapon materials might also be included.

This approach clearly would fall far short of what proponents of including existing stocks in a
FMCT are seeking. For now, it also would likely go beyond what many of the NWS or nuclear-
capable states would find acceptable. At the right point in the negotiations, however, it could become
attractive as a means to conclude a cut-off deal.

REQUIRED DECLARATIONS OF NUCLEAR-WEAPONS MATERIALS UNDER A FMCT

A FMCT could include provisions for its parties to declare their existing stocks of plutonium
and HEU produced for use in nuclear weapons. To avoid revealing sensitive information about
weapon design, such declarations could focus on aggregate stocks and not require details on the
isotopic composition of the stocks.

Though limited in scope, declarations of stocks of plutonium and HEU by the five NWS would
help to provide a needed foundation for later steps beyond a
production cut-off. In particular, without more information about how
much weapons material was produced during their Cold War
competition, neither Washington nor Moscow is likely to be prepared
to move toward extremely low levels of nuclear weapons. Comparable
declarations by the other three NWS could also be a useful step
towards their eventual involvement in five-power nuclear discussions.

Required declarations by the five NWS, nonetheless, would still
fall short of what proponents of including restrictions on existing stocks
in a future FMCT are likely seeking � quite possibly provisions for
the steady, if perhaps phased, elimination of such stocks under a FMCT.
Many of these advocates, moreover, would likely regard this approach
as going too far to �legitimize� the nuclear status of India, Pakistan
and Israel. Even so, most of the NWS would probably be very reluctant

to make such declarations. Depending on the country, concern about the accuracy of a declaration
and fear of being embarrassed later, traditional secrecy and scepticism about transparency, concern
about getting onto a �slippery slope� leading to future controls on stocks, and a desire to preserve
ambiguity all could explain that reluctance.

It remains an open question, moreover, whether greater transparency by India, Pakistan and
Israel would serve regional stability. Were India�s stocks of plutonium more or less comparable in
terms of weapon equivalents to Pakistan�s stocks of HEU, disclosure could make it easier for the two
countries to achieve their stated goal of minimum nuclear deterrence. An imbalance favouring
either side, by contrast, could well fuel domestic and bureaucratic pressures for an arms race. In
turn, an Israeli declaration that it had stocks of separated plutonium would reverse long-standing
denials and quite possibly reinforce proliferation incentives in at least several Arab countries. That
said, it must be expected that each of these three nuclear-capable countries would be very reluctant

Though limited in scope,
declarations of stocks of plutonium
and HEU by the five NWS would
help to provide a needed
foundation for later steps beyond a
production cut-off. In particular,
without more information about
how much weapons material was
produced during their Cold War
competition, neither Washington
nor Moscow is likely to be prepared
to move toward extremely low
levels of nuclear weapons.
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to declare openly what stocks of fissile materials it had on hand. Contrasted with the five NWS,
moreover, it is difficult to identify sufficiently compelling countervailing considerations that might
overcome that reluctance.

ENHANCED VOLUNTARY TRANSPARENCY AND CONTROLS OVER STOCKS

Recognizing the difficulties of mandating transparency within a FMCT, a somewhat related
compromise approach would seek to craft a set of voluntary transparency and control actions that
might be taken by FMCT parties. For instance, at the time of signing, all five of the NWS could make
a joint voluntary declaration of the existing stocks of HEU and plutonium in their weapons
programmes. They might also be urged to make a further joint declaration committing them to work
toward placing all surplus materials under IAEA controls. For their part, the three nuclear-capable
states could be encouraged to declare all their stocks of plutonium and HEU without specifying the
purpose for which it had been produced. All other producers of plutonium and HEU could be
encouraged to make public declarations of their stockpiles, even though this material would have
been produced for peaceful purposes.

As above, such voluntary declarations would help provide a foundation for later nuclear
disarmament steps, while beginning to integrate the three medium-sized nuclear powers into the
process. A commitment by the United States and the Russian Federation to place surplus nuclear
materials from future reductions under international control could help create options for later,
more far-reaching nuclear control and reduction measures. In turn, transparency measures that
covered all fissile materials regardless of end use could help blur the distinction between production
for weapons and for other end uses. This might lessen the extent to which release of such information
in connection with a FMCT would comprise de facto recognition of India, Pakistan and Israel as
nuclear-weapon states. Greater transparency by other countries of plutonium or HEU in their civilian
nuclear fuel cycles could serve a comparable purpose. In turn, it might be somewhat easier for
India, though not for Israel or Pakistan, to reveal its total stocks of plutonium since it has significant
stocks of unsafeguarded but not necessarily weapons-related plutonium.

Regarding feasibility, over the past half-decade the United States has taken the lead in releasing
information about its stockpiles of nuclear weapons materials and in placing some stocks of surplus
materials under IAEA safeguards.  The United Kingdom has also taken steps to enhance transparency,
while the Russian Federation has said it will take some steps in the future. Thus, these countries
might find the idea of voluntary transparency somewhat more palatable than required declarations.
But even here, there is likely to be considerable reluctance on the part of the five NWS to take this
step for many of the reasons already highlighted. Nonetheless, it is not inconceivable that they
would be ultimately prepared to do so were that the price of a cut-
off that included the three nuclear-capable countries.

In that regard, however, there is little reason for optimism
that India and Israel would find voluntary transparency much less
onerous than obligatory declarations in a FMCT. This is likely for
Pakistan as well. Although Islamabad has argued for including
existing stocks in a FMCT, that position may have been designed
most of all to block the start of negotiations. Instead, Pakistan (like
India and Israel) would likely view a commitment to make such
declarations as a first step on a slippery slope to future controls.
Both India and Pakistan also could be reluctant to do so lest such

There is little reason for optimism
that India and Israel would find
voluntary transparency much less
onerous than obligatory declarations
in a FMCT. This is likely for Pakistan as
well. Although Islamabad has argued
for including existing stocks in a FMCT,
that position may have been designed
most of all to block the start of
negotiations.
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declarations reveal a significant gap in available stockpiles in the other�s favour. Questions need to
be raised as well about the stability impacts in both South Asia and the Middle East of even only
voluntary transparency measures. Absent perceived sufficiency, the nuclear arms race would be
accelerated � not capped � by cut-off.

What�s in a FMCT � for Whom?

Most importantly, getting from here to there in the negotiating process presupposes that all of
the key potential participants in a FMCT � the five NWS, the three nuclear-capable countries,
and more activist non-nuclear developed and developing countries � conclude that a FMCT would
on balance serve their political and security interests. It is far from assured that these countries will
reach that conclusion. Though negotiations have begun, each of the three nuclear-capable states
has serious reservations about the desirability of a cut-off. In turn, not only do important substantive
political differences exist, but what some key countries appear to want in a FMCT is at least for now
diametrically opposed to what others may be seeking � particularly with regard to the two matters
already discussed of verification and existing stocks. Let�s consider in somewhat more detail possible
thinking in each set of countries � the five NWS, the three nuclear-capable states, and the more
activist developed and developing countries.

THE NWS

For the NWS, support for a FMCT would be one way to take action to meet their nuclear
disarmament goals under Article VI of the NPT. The significance of this action as a preparatory step
toward deep nuclear reductions would be enhanced were it possible either to include some
transparency measures for existing stocks in a FMCT or to take that step voluntarily as part of the
overall cut-off endgame. Even without a transparency adjunct, formalizing a ban on production of
HEU and plutonium would be a useful psychological and symbolic step ahead. Assuming universal
adherence, a cut-off would help cap proliferation in both South Asia and the Middle East.

But other more country-specific considerations are also likely to come into play � both for
and against a cut-off. For both the United States and the Russian Federation, a cut-off would reinforce
the irreversibility of their nuclear reduction process. This could take on added importance to both
countries if the formal nuclear arms control process remains stalled � or is temporarily derailed by
the two sides� inability to work out agreed amendments to the 1972 Anti-Ballistic Missile Treaty as
are now being sought by the United States to permit deployment of a limited national missile defence
system. Both countries also would have an interest in using a FMCT to draw China further into the
nuclear arms control process. For China, a readiness to formalize a ban on production would pay
dividends in terms of signalling that its nuclear modernization goals are limited, thereby helping to
head off new nuclear competition with the United States. A universal FMCT also would contain the
future expansion of India�s nuclear capability, though it is uncertain how much China pays heed to
India�s actions.

Other considerations, however, could undermine support in these countries for a future FMCT,
particularly a very ambitious treaty. As already noted, at least several of the NWS may be reluctant
even to release information about existing stocks, while none of them seems prepared now  to agree
to more fundamental controls. Costs of verification also could come into play. For China, the risks of
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foreclosing the option of a major expansion of its nuclear arsenal are likely to be an issue in its
internal debate. Chinese differences with the United States and Japan over the issue of the legitimacy
of cooperative efforts to field a theatre missile defence against the missile threat of the Democratic
People�s Republic of Korea also could enter into a future debate in Beijing on cut-off.

THE THREE NUCLEAR-CAPABLE STATES

Since the revival of interest in a FMCT in the early 1990s, the context in which decisions about
cut-off will be made in Delhi, Islamabad and Jerusalem has changed considerably. In South Asia, this
change may make it more likely that a  FMCT will be reached. In the Middle East, these changes
may make it less likely � at least for now.

Perhaps paradoxically, the testing of nuclear weapons by
India and Pakistan in May 1998 may have made both countries
more prepared to contemplate entry into a FMCT. Since the
nuclear tests, the leaderships in both countries have argued that
they are committed to avoiding the type of expanding
deployments of nuclear arms and intensifying hostility that
characterized the American-Soviet nuclear relationship. Instead,
they have affirmed that their goal is mutual minimum nuclear
deterrence. For several reasons, both India and Pakistan could
well conclude that a ban on production of plutonium and HEU
would help serve that goal. Like their adherence to the
Comprehensive Test-Ban Treaty (which now appears in the
offing), adherence to a FMCT would be a further political signal of each side�s desire for restraint.
More directly, limitations on stocks of materials would build-in a technical brake on the further
expansion of each side�s nuclear force capability. In both cases, a cut-off could help lessen domestic
and bureaucratic pressures to �do more�.

Both countries� adherence to a FMCT presupposes, however, that the issue of existing stocks
be resolved in a manner acceptable to them both. This will not be easy. As noted, for now Pakistan
argues that at the very least a FMCT should include declarations of existing stocks, while India
opposes this position. There are several possibilities. Pakistan could conclude that its stocks of weapon
materials are sufficient for a minimum deterrent, that it is better to constrain India�s future production
than to let it run free, and then fall off its effort to include existing stocks in a FMCT. Or India could
shift ground, perhaps agreeing to voluntary declarations of all stocks of plutonium and HEU. Both
sides might informally exchange data on stockpiles between them, taking the issue off the agenda
but raising the risk of instability if those stockpiles were perceived to be significantly out of balance.

Shifting regions, the situation in the Middle East since the early 1990s is quite different. Israel
has acquiesced in the start of formal cut-off negotiations. But the peace process is stalemated and
long-term security trends are uncertain. In particular,  continuing concerns about Iran�s pursuit of
nuclear-armed ballistic missiles have now been joined by the prospect of a reconstitution of Iraq�s
nuclear weapon programme with a breakdown of the international consensus behind UNSCOM.
Both possibilities make it all but certain that Israeli leaders will be extremely reluctant to foreclose
future nuclear options. Such reluctance to adhere to a cut-off would only be reinforced, to repeat,
were it to include provisions governing existing stocks.

The implications of this appraisal will not be welcome in many quarters. At least in the near

Perhaps paradoxically, the testing of
nuclear weapons by India and Pakistan
in May 1998 may have made both
countries more prepared to contemplate
entry into a FMCT. Since the nuclear tests,
the leaderships in both countries have
argued that they are committed to
avoiding the type of expanding
deployments of nuclear arms and
intensifying hostility that characterized
the American-Soviet nuclear relationship.
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term, a universal FMCT may prove unattainable. Instead, it may be especially important to craft the
entry into force provisions of a FMCT in such a manner as to make the achievement of a universal
cut-off an eventual goal but not to hold the treaty�s entry into force hostage to adherence by all
three nuclear-capable countries.

NON-NUCLEAR DEVELOPED AND DEVELOPING COUNTRIES

Turning to the third set of countries, there again is reason for concern. Assuming that the five
NWS remain opposed to including existing stocks in a FMCT, opinions will differ among non-nuclear
countries on the importance of a FMCT. Some of these countries may well welcome even a simple
ban on production as an important political and psychological step by the five NWS. It partly closes
the book on the Cold War nuclear competition and moves these countries a little further along the
slippery slope to drastic reductions in � if not elimination of � nuclear weapons. If some or all
of the nuclear-capable states also join, a FMCT would be welcomed, as well, as a cap on these
countries� programmes.

By contrast, proponents of a more ambitious FMCT, as already noted, will argue that unless a
cut-off controls existing stocks, it will not be meaningful. It will have little impact on the nuclear
arsenals of the NWS, especially the United States and the Russian Federation since both countries
already possess ample, indeed excessive, stocks of nuclear weapons materials. In addition, more
activist countries can be expected to argue that controlling existing stocks is essential to roll back the
nuclear programmes of India, Pakistan and Israel. Otherwise, in their view, a cut-off will �legitimize
proliferation�. In turn, a good number of non-nuclear countries are likely to argue that unless a cut-
off includes all three nuclear-capable states, its value would be even more modest.

Voluntary transparency measures or a commitment to future
negotiations, were these steps feasible, would be a potential
sweetener. For their own reasons, India, Pakistan and Israel all
could decide to adhere to a FMCT that included such voluntary
measures. But in the endgame, the odds are high that proponents
of more ambitious versions of a cut-off will confront a dilemma:
whether to go along with a streamlined cut-off that at least initially
is not universal � or to have no cut-off at all.

FMCT � A Bottom Line

Long part of the nuclear disarmament agenda, negotiations have finally begun on a treaty to
cut-off the production of plutonium and HEU for weapons. But given the diversity of interests and
approaches among the negotiating parties, getting from the start of negotiations to the successful
conclusion of a treaty will likely prove very difficult. Pursuit of a more streamlined FMCT � in
terms of scope of verification, treatment of existing stocks and evolutionary universality � could
ease the negotiating process. It would do so admittedly at the expense of deferring for now more
ambitious goals and with no firm assurance of success. The alternative, however, may be long,
drawn-out negotiations, eventually ending nowhere.

But in the endgame, the odds are
high that proponents of more
ambitious versions of a cut-off will
confront a dilemma: whether to go
along with a streamlined cut-off that
at least initially is not universal � or
to have no cut-off at all.
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Notes

1. In this paper, NWS will refer only to those five countries recognized as such in the NPT.
2. In May 1995, the so-called Shannon Mandate to establish a CD working group on a cut-off did not explicitly deal

with the matter of existing stocks. As Ambassador Shannon�s report noted, however, no delegation was precluded
from raising any other issue related to a cut-off�s scope. This understanding still governs the now-commenced
negotiations at the CD.
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Tariq RAUF

F ive years have elapsed since United Nations General Assembly resolution 48/75L, of
16 December 1993, called for the negotiation of a non-discriminatory, multilateral
and internationally and effectively verifiable treaty banning the production of fissile

material for nuclear weapons and other nuclear explosive devices, in the most appropriate forum.1
The Conference on Disarmament (CD) then decided on 25 January 1994 to appoint a Special
Coordinator to solicit the views of the CD membership on such a treaty, and that it was the appropriate
forum. After much confused and muddled discussion among CD members, a weak and incomplete
negotiating mandate was finally agreed on 23 March 1995 just a few weeks prior to the opening of
the 1995 Nuclear Non-Proliferation Treaty (NPT) Review and Extension Conference. The 24 March
1995 report of the Special Coordinator (CD/1299), Ambassador Gerald Shannon of Canada,
contained an agreed mandate that basically repeated the operative language from resolution 48/
75L together with the understanding that all issues pertaining to scope could be addressed in the
context of the treaty negotiation � hence, the key differences were fudged, and the Shannon
report and mandate reflected the maximum agreement possible at the time, given the sharp differences
in the negotiating positions of states as well as in their objectives for a fissile material control treaty
(FMT).

Both resolution 48/75L and the �Shannon report and the mandate contained therein� essentially
glossed over certain crucial issues relating to the negotiation of any non-discriminatory and multilateral
treaty controlling weapon-usable fissile material. Differences over the scope and other important
issues prevented the adoption of any other General Assembly resolutions from 1994 through 1997,
and stymied any progress at the CD until 11 August 1998 when preliminary negotiation started on
the basis of CD/1299. On 4 December 1998, General Assembly resolution 53/77I was adopted by
consensus and it encouraged the CD to resume negotiation on a FMT during its 1999 session on the
basis of the Shannon report and its mandate � thus, in reality, while important progress has been
achieved in reaching agreement at the CD on the expertise of Ambassador Mark Moher (Canada) to
chair an Ad Hoc Committee on a FMT, in terms of the mandate we are no further ahead than the
compromise of March 1995 and none of the key differences in approach, scope, objectives, etc. for
such a treaty have been bridged.

While the article in this issue of Disarmament Forum by Victor Bragin and John Carlson deals
with significant divisions in the scope debate, for the purposes of the present discussion it would be
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useful to list some of the basic issues underlying the scope of obligations for a FMT, some of which
are:

• verifiable production halt;

• assured prevention of diversion of civilian fissile material to weapon use;

• verified accounting of all past production;

• assured prevention of rededication of excess weapons fissile material for reuse for military
purposes;

• prohibition on sequestering weapon-usable fissile material for future military use; and

• inventory control and safeguarding of all existing stocks of weapon-usable fissile material
(except for material contained within intact warheads, or material already especially
manufactured for warheads but not yet shaped into cores/pits).

The present situation regarding unsafeguarded production of weapon-usable fissile material is
that the United States, the United Kingdom and France have separately and unilaterally ceased
production, while only France has permanently retired its production facilities. The Russian Federation
claims that it is not producing, however two plutonium production reactors will remain operational
at least until 2000. China�s position remains unclear, though unsubstantiated high-level reports
suggest a production moratorium. Both India and Pakistan apparently are still building up stocks,
and Israel�s position remains unclear. Production and/or use of highly enriched uranium (HEU) and
plutonium in all other countries is under NPT-related IAEA safeguards (except for Cuba, which has
not yet joined the NPT).

This paper discusses definitions of some terms relevant to the Shannon Mandate, outlines
current approaches, assesses some of the inadequacies of the traditional approaches and suggests a
new, pragmatic approach to a FMT negotiation with a view to securing a halt in new production, as
well as achieving accountability and transparency regarding existing stocks and past production.

Definition of Terms

In the context of revisiting the FMT negotiation with a pragmatic approach, it would be
appropriate to reach a common understanding on the definition of terms as they appear in the
Shannon report and in General Assembly resolution 53/77I.2

NON-DISCRIMINATORY

The traditional interpretation of this term refers to a
FMT that would be equally applicable to all states,
irrespective of their status as nuclear-weapon states (NWS),
non-nuclear-weapon states (NNWS) or threshold states.
However, given the events of May 1998 and the
undesirability of recognizing any new NWS, an appropriate
interpretation of non-discriminatory could be in terms of a
FMT as equally applicable to all states possessing

Given the events of May 1998 and the
undesirability of recognizing any new NWS,
an appropriate interpretation of non-
discriminatory could be in terms of a FMT as
equally applicable to all states possessing
unsafeguarded weapon-usable fissile material
and to those states where all fissile materials
are under safeguards.
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unsafeguarded weapon-usable fissile material and to those states where all fissile materials are under
safeguards. Another interpretation of non-discriminatory refers to the purpose of a FMT � is it
aimed at nuclear non-proliferation or nuclear disarmament? While it is clear that some of the NWS
regard a FMT as essentially a non-proliferation measure, now that proliferation has occurred in
South Asia, there is no option other than regarding a FMT as serving the twin objectives of nuclear
non-proliferation as well as nuclear disarmament. Hence, in order to be effective and credible, a
FMT would have to ban future production and also bring all unsafeguarded stocks of weapon-
usable fissile material under bounded or managed transparency.

Yet another meaning of non-discriminatory could be formulated in terms of not disadvantaging
any among the five de jure NWS and the three de facto NWS. Thus, discrimination would need to
be avoided at two levels: 1) in terms of available stocks of weapon-usable material � most of the
five NWS already possess sufficient or even excess stocks, whereas both India and Pakistan apparently
want to continue with production for some time, and Israel�s position remains unclear; and 2) in
terms of providing for international monitoring or safeguards that would apply equally and evenly in
all states possessing unsafeguarded stocks of weapon-usable fissile
material (as well as in those NNWS where such material either
does not exist or, if it exists, is under safeguards). Thus, in practice,
there appears no good or truly non-discriminatory way of
reconciling the different interpretations that could be ascribed to
the term non-discriminatory as it is used in CD/1299 or 48/75L,
other than agreeing on a definition that uniformly treats all eight
states with unsafeguarded weapon-usable fissile material.
Consequently, a FMT would necessarily need to capture both a
halt on future production as well as accountability and
transparency of all existing stocks (except for material contained
within intact warheads, or material already especially manufactured for warheads but not yet shaped
into cores/pits), as well as establishing uniform verification and monitoring measures for weapon-
usable material in all states parties. HEU for naval or space propulsion reactors would also require to
be under appropriate accounting and transparency measures, as new technologies permit long-
lived fuel, thus eliminating the need for refuelling.

MULTILATERAL

Again, the traditional interpretation would refer to a FMT involving multiple parties, which
could mean all United Nations Member States, all CD members or all states with nuclear facilities or
materials; or it could also mean �global� or �universal� � i.e. all NWS (de jure plus de facto) as well
as all NNWS. A strict definition, however, would argue for a meaning of �multilateral� as referring to
several international parties, but not necessarily to be global or universal. But it could also be ascribed
a differential interpretation�i.e. that a FMT, in the first instance, could be negotiated �multilaterally�
among the eight states operating unsafeguarded nuclear production facilities and possessing
unsafeguarded stocks of weapon-usable fissile material (hereafter refereed to as the U-8) or some
combination thereof, in consultation with other countries both within and outside the CD, with
other countries participating and contributing to the negotiation at a later stage prior to achieving a
final treaty text.

There appears no good or truly
non-discriminatory way of reconciling
the different interpretations that could
be ascribed to the term non-
discriminatory as it is used in CD/1299
or 48/75L, other than agreeing on a
definition that uniformly treats all
eight states with unsafeguarded
weapon-usable fissile material.
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INTERNATIONALLY AND EFFECTIVELY VERIFIABLE

There seems to be general recognition that the IAEA would have to be closely involved with
the verification of a FMT, and that the safeguards obligations must apply uniformly to all states,
regardless of their NPT or safeguards status. (See article in this issue by Thomas Shea.) However, the
applicability of the existing IAEA safeguards mechanisms to a FMT would need to be carefully assessed,
because certain technical parameters such as �significant quantities�, �timeliness goal� and �material
balance areas� might be different for a FMT than those under IAEA safeguards. Furthermore, it must
be recognized that in many cases, facilities in NWS and in some other states were designed for
military purposes exempt from safeguards, hence their monitoring will pose technical challenges
and it will be important to prevent both tangible and intangible proliferation. In this context, the
American-Russian working group on safeguards, transparency and irreversibility (STI) will have much
to contribute regarding specific measures on improving confidence and increasing transparency
and irreversibility of safeguards on weapon-usable fissile material. Furthermore, under the Trilateral
Initiative involving the United States, the Russian Federation and the IAEA, consultations are ongoing
to develop a model verification agreement for weapon-origin fissile materials, which would allow
IAEA verification of any weapon-origin fissile material as well as any other material released from
military programmes. Such verification techniques would also be relevant to a FMT.

PRODUCTION

Does this refer exclusively to future production, to past production or to all production to date?
While the 1993 and 1998 General Assembly resolutions refer to a �treaty banning the production of
fissile material for nuclear weapons ...�, the Shannon report does not preclude any delegation from

raising issues concerning past production during a FMT
negotiation. It is unrealistic to believe that a FMT could be
negotiated without discussing the concept of �production� in
all its aspects and finding ways of capturing past production or
indeed all production up to the entry into force of a FMT.  A
FMT that directly or indirectly serves to �grandfather�,
�legitimize� or exclude existing unsafeguarded stocks of weapon-
usable fissile material would not be worth the paper it�s written
on and it would pose a grave threat to the integrity and efficacy
of the present global nuclear non-proliferation regime structure.

Negotiating Approaches

As regards the actual negotiation of a FMT, a number of approaches have been advanced over
the years. These include the General Assembly resolutions of 1993 and 1998, the report of the
Special Coordinator and the mandate contained therein, the positions of, for example, Egypt, India,
Pakistan and the United States, and the Australian approach outlined at the1998 NPT Preparatory
Commission (PrepCom). At one level, the differences in approach emanate from the respective
stated objectives of a FMT � nuclear non-proliferation and/or nuclear disarmament. At another
level, differences pertain to the so-called incremental or phased approach to nuclear disarmament

A FMT that directly or indirectly
serves to �grandfather�, �legitimize� or
exclude existing unsafeguarded stocks of
weapon-usable fissile material would not
be worth the paper it�s written on and it
would pose a grave threat to the integrity
and efficacy of the present global nuclear
non-proliferation regime structure.
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versus a time-bound framework for the complete elimination of nuclear weapons. Recently, some
Western NGO analysts have taken to asserting the �superiority� of a phased approach over a time-
bound framework. From a purely pragmatic and functional
perspective, neither approach is inherently superior to the other
� both have their respective failings � hence the importance
of avoiding rigidity, while favouring flexibility and pragmatism.
In this context, a FMT must necessarily have the dual objectives
of promoting both nuclear non-proliferation and nuclear
disarmament if it is to have any relevance for enhancing global
security and bringing transparency and accountability to
weapon-usable fissile materials in the U-8 states.

Devising an appropriate and practical negotiating approach for a FMT remains problematic.
Thus far, the traditional approach has focused only on a simple production cut-off. Given the lack of
progress, Australia and Japan have suggested a two-phase approach whereby a production cut-off
would be followed by a second agreement dealing with transparency in stocks. Despite the stalemate
in the CD from 1994 through mid-1998, a number of important developments have taken place on
the sidelines with respect to increasing transparency and accounting of certain types of fissile materials
� notably the American-Russian STI initiative and the plutonium management guidelines. Given
the inadequacy of all of the present approaches, this paper proposes a new, pragmatic approach
that seeks to bridge differences and pursues a FMT with the dual objectives of promoting both
nuclear non-proliferation and nuclear disarmament, as achieving one is impossible without the
other.

TRADITIONAL APPROACH

The traditional approach as agreed in General Assembly resolution 48/75L would prohibit
only future production and would bring existing production facilities under verification for non-
production. This minimalist approach at one level reflected the American preference for utilizing a
FMT as a non-proliferation vehicle to �capture� India, Israel and Pakistan � i.e. to limit their stocks
of weapon-usable material to existing levels and to verifiably ban further production � while allowing
the NWS to retain their respective stocks minus those quantities unilaterally declared excess for
defence purposes. At another level, this minimalist approach reflected the maximum degree of
agreement that could be achieved, given the strong objection to including existing stocks by the
NWS, India and Israel. The potential advantages of this traditional approach would be to:

• verifiably halt further production, both in the NWS and in the non-NPT states;

• constitute a further step in the phased approach to nuclear disarmament, in keeping with the
1995 NPT Review and Extension Conference (NPTREC) principles and objectives; and

• bring some transparency to materials/facilities in the NWS, especially in the Russian Federation
and China, as well as in the non-NPT states operating unsafeguarded production facilities.

These advantages, however, are eclipsed by the disadvantages, as such a limited FMT would:

• retain excessively large stocks of unsafeguarded weapon-usable fissile materials in the NWS,
with no limitations on their reintroduction into new weapons;

• not bring about transparency regarding quantities or composition of weapon-usable fissile
material; and

 A FMT must necessarily have the
dual objectives of promoting both
nuclear non-proliferation and nuclear
disarmament if it is to have any relevance
for enhancing global security and
bringing transparency and accountability
to weapon-usable fissile materials in the
U-8 states.



FISSILE MATERIALS: SCOPE, STOCKS AND VERIFICATION

22

two • 1999

• serve to �grandfather� or �legitimize� existing stocks in the non-NPT states, thus creating not
only another layer of discrimination but also enhancing proliferation risks.

TWO-PHASE (AUSTRALIAN/JAPANESE) APPROACH

At the 1998 NPT PrepCom, Australia presented a �concept paper� on 29 April, which argued
that �a fissile material cut-off treaty should not be seen as a stand-alone instrument � like the
Comprehensive Nuclear-Test-Ban Treaty (CTBT) � which seeks to address fissile material issues in
one fell swoop, but rather as a framework instrument which evolves into a comprehensive regime
governing the production, stockpiling, management and disposition of fissile material.�3  This would
involve a first step codifying a ban on production�which can and should be taken now; followed
by a second agreement providing for greater transparency over fissile material inventories and gradually
bringing fissile material stocks under strict and effective international control. This second agreement
too would be an �evolving instrument� that tracks other nuclear disarmament measures and
progressively brings direct-use fissile material into the scope of a fissile material regime. This two-
phase approach regards a FMT �as an essential and unavoidable step towards the elimination of
nuclear weapons�. The principal rationale underlying this approach is to �lock in� and �fix in a
legally binding multilateral instrument� the current moratoria by the NWS on weapon-usable fissile
material production, before the moratoria have a chance of dissipating. In addition, it seeks to
capture unsafeguarded production facilities in non-NPT states, as it believes that a FMT �which did
not include these states would have little or no chance of succeeding�. Furthermore, if a FMT �is to
be a genuine disarmament measure ... then it will have to be capable of evolving in tandem with
other disarmament measures� � hence a first step of achieving only a ban on further production.
And since �sooner or later, multilateral verification of both fissile material production facilities and
fissile material stockpiles� would need to be included, a second agreement would be necessary.

In a �(draft) working paper� circulated at the 1998 NPT PrepCom, Japan proposed �universal
transparency of fissile material�4  to follow the conclusion of a FMT, taking into account the need to
prevent disclosure of sensitive information in the context of nuclear non-proliferation.

At first glance, the Australian (and Japanese) approach seems reasonable and possibly achievable.
However,  it does not fully meet an important criterion identified in the Australian paper, i.e. �we
have to recognize and take into account ... national security imperatives, and regional security
dynamics, which underlie the different positions that the non-NPT states have adopted on the
proposal for a cut-off treaty.� It is unrealistic to assume that India, Israel or Pakistan would readily
agree to a treaty banning only future production without some linkage to some other issue, be it
nuclear disarmament, regional security or differences in existing stocks. Furthermore, there is no

certainty that were only a ban on production to be agreed,
the NWS or the non-NPT states would then automatically
go on to agree to a far-reaching second agreement on stocks.
Given the backtracking of the NWS regarding their promises
and commitments made at the 1995 NPTREC, it would
take an unusual leap of faith in the credibility of the NWS
to deliver on a second agreement once they had a
production halt in the bag! And it is unrealistic given the

reluctance of India to place its stocks on the table absent a negotiation on a time-bound framework
for nuclear disarmament, the opposition of Israel to discussing its stocks or production outside the
context of a comprehensive regional security system, and Pakistan�s fear of being permanently locked
into a position of material inferiority vis-á-vis India.

Given the backtracking of the NWS
regarding their promises and commitments
made at the 1995 NPTREC, it would take an
unusual leap of faith in the credibility of the
NWS to deliver on a second agreement once
they had a production halt in the bag!
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COMPLIMENTARY SIDELINE APPROACHES

Separate from the CD track, some important progress has been achieved on the sidelines.5
The United States took the lead in declassifying the total amount of weapon-grade plutonium
produced since 1945, consumption over time, disposition and location, and quantities declared
surplus to defence requirements that would be placed irreversibly under voluntary safeguards.6
Reportedly, it will soon release a similar accounting of its HEU. The United Kingdom, as part of its
recent Strategic Defence Review, has provided some details on its holdings of weapon-usable fissile
material.7  France too has provided some information. However, neither China nor the Russian
Federation has yet provided an accounting of their respective stocks. Furthermore, under their 1995
�declarations on transparency and irreversibility�, the United States and the Russian Federation
have agreed not to reuse excess weapons fissile materials for new nuclear weapons, not to use any
newly produced materials in weapons, and not to divert fissile materials from civil nuclear programmes
to weapons use. And in September 1998, the two countries signed a joint statement of principles for
management and disposition of plutonium designated as no longer required for defence purposes,
including a commitment to develop acceptable methods and technology for transparency measures,
as well as appropriate international verification measures. Furthermore, under their Trilateral Initiative,
the United States, the Russian Federation and the IAEA are working on developing a model verification
agreement that would allow the verification of weapon-origin fissile material. In a separate but
related development, on 1 December 1997, plutonium management guidelines were agreed among
nine states: Belgium, China, France, Germany, Japan, the Russian Federation, Switzerland, the United
Kingdom and the United States.8  These guidelines cover separated plutonium, plutonium contained
in unirradiated mixed oxide fuel elements, plutonium contained in other unirradiated fabricated
goods, and plutonium in the course of manufacture or fabrication or contained in unirradiated
goods in the course of manufacture or fabrication; and apply to the management of all plutonium
in all peaceful nuclear activities, and to other plutonium after it has been designated as no longer
required for defence purposes. The guidelines require annual reporting on all plutonium subject to
the guidelines, implementation of physical protection measures, as well as an effective system of
nuclear material accountancy and control. On 11 November 1998, the IAEA published data on
�annual figures for holdings of civil unirradiated plutonium� and for �estimated amounts of plutonium
contained in spent civil reactor fuel� provided by Belgium, France, the Russian Federation and the
United Kingdom.9  Earlier, on 30 October 1998, the IAEA published �annual figures for holdings of
civil highly enriched uranium� provided by the United Kingdom.10  Even though these gross
declarations refer to civil holdings of fissile material, the modalities agreed in these guidelines could
be useful in devising a framework for declarations of weapon-usable fissile material with relevance
to a verification regime for a FMT. Together, these developments indicate the beginning of a serious
discussion on transparency, verification and accountability of special fissionable material among a
small number of key advanced industrial states, which could be of direct relevance to a FMT
negotiation in the appropriate context.

Inadequacy of Existing Approaches

The FMT negotiation as presently conceived remains fraught with serious problems and
deficiencies. Any FMT that does not explicitly and specifically deal with all existing stocks in the U-
8 states would neither serve a non-proliferation goal nor a disarmament objective. While in theory
a two-phase approach seems attractive � a production halt followed by transparency in stocks �
in reality there is no certainty that a second, follow-on agreement on stocks could be reached. This
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is the fatal flaw in such an approach, as there would be little incentive for the three non-NPT states
with unsafeguarded weapon-usable material to negotiate a production halt without foolproof
assurance that the NWS would indeed place their respective stocks under a transparency regime.

It is an orthodoxy of the Cold War era, unthinkingly legitimated since 1993, that a FMT necessarily
must be multilaterally negotiated along traditional lines. The CTBT experience suggests that the days
might be over for multilaterally negotiated grand nuclear arms control agreements. The NPT and the
CTBT adequately capture the NNWS, which are prevented under the NPT from having nuclear
weapons and under the CTBT from any type of nuclear explosive testing. Hence, a further restriction
upon them under a FMT would be redundant and their active participation in a line-by-line negotiation

based on a consensus rule would not necessarily contribute much
and could possibly delay the conclusion of a FMT. In the context
of the FMT negotiation, would it not be practical and starkly
realistic to define �multilateral� in the first instance as meaning
those states operating unsafeguarded production facilities and
possessing unsafeguarded stocks of weapon-usable fissile material
(the U-8) rather than the entire membership of the CD or of the
United Nations?

It would be far more efficient and practical for the U-8 to
take the lead in preparing a FMT draft � in consultation with
the CD membership to ensure comprehensiveness and

transparency � that would deal with both a prohibition on any new production and include provisions
for bounded transparency on existing stocks. Under present circumstances, it should not be an
absolute requirement for a FMT to include provisions on the disposition of existing stocks. As such,
a FMT should concern itself with halting further production and bringing existing stocks and production
facilities under managed monitoring. The final disposition and eventual destruction of existing stocks
and stocks emanating from dismantled weapons could be deferred to a future treaty dealing with
the prohibition of nuclear weapons.

A New, Pragmatic Approach

Since 1993, for the most part, the discussion on FMT issues both within and outside the CD
has tended to focus on the traditional approach to dealing multilaterally with nuclear non-proliferation
matters. Hence, the traditional trichotomy of categorizing states as NWS, NNWS and threshold
states. The eleven nuclear detonations in South Asia last May have forever changed the nuclear
non-proliferation dialectic and are forcing a change in how the world casts the distinctions between
NWS and NNWS. While it would be imprudent to recognize any additional NWS, the realities are
there for all to see in South Asia. Therefore, for the purposes of a FMT negotiation it is now necessary
to �think outside the box� � to devise a practical, new approach that focuses on states with
unsafeguarded direct-use weapon-grade fissile materials and those without, rather than the traditional
categorization of NWS, NNWS and threshold states. Hence, the United States, the Russian Federation,
the United Kingdom, France, China, India, Israel and Pakistan fall into the category of states with
unsafeguarded stocks of weapon-usable fissile materials (the U-8). All other NPT states would continue
to be regarded as NNWS, with all special fissionable material under IAEA safeguards.

The creation of a U-8 category of states, for the purpose of a FMT negotiation, has the advantage
of getting beyond the vexatious problem of de jure and de facto NWS, or that of NWS in addition
to the P-5, or of �rewarding� proliferators. It would also conform to the edict for a �non-discriminatory�

In the context of the FMT
negotiation, would it not be practical
and starkly realistic to define
�multilateral� in the first instance as
meaning those states operating
unsafeguarded production facilities and
possessing unsafeguarded stocks of
weapon-usable fissile material (the U-
8) rather than the entire membership
of the CD or of the United Nations?
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FMT � from a practical perspective, the distinction must be between states which possess
unsafeguarded weapon-usable fissile material and those which do not, rather than between the
standard NWS and NNWS.

The priority for any FMT must be to convert the existing production moratoria in some of the
NWS into a binding, verifiable commitment, as well as to secure a similar commitment from the
other NWS and from the three non-NPT states. Furthermore it must capture past production and
current stocks in a realistic transparency regime.

Setting aside traditional thinking and moving to a pragmatic approach would suggest a FMT
negotiation based on several interlinked components, as follows:

• Unilateral, reciprocal binding commitments by the U-8 to halt new production as of a certain
date, for example, 1 January 2000 � this could take the form of a common agreed text;

• IAEA monitoring of the external perimeter of all production facilities as of a certain date, such
that no feed material enters and no finished material exits (including warhead components or
warheads), except for material designated for naval or space propulsion reactors (in which
case the quantity and isotopic composition would need to be declared, the material tagged
and monitored in transit through deployment into propulsion reactors, tagged upon recovery
as spent fuel through monitored storage, or the naval reactors sealed and tagged if left in there
for long-term storage. With the end of the Cold War there is no longer any credible case for
exempting such material from accountability and transparency measures; furthermore long-
lived naval nuclear fuel now permits new core designs to last in excess of thirty years or the
normal life of a ship, thus eliminating the need for refuelling);11

• Establishment of �sanctuaries� comprising storage sites for existing stocks, with IAEA perimeter
portal monitoring to ensure no outbound movements of stocks (except as provided for in the
preceding paragraph above), inbound movement of excess weapons fissile material would be
permitted;

• Exchange of baseline data on existing stocks between the U-8, which could also include
isotopic declarations;

• Agreement on a target date of 1 April 2000 for conclusion of a composite working draft of a
FMT text � which would be prior to the opening of the 2000 NPT Review Conference;

• The final disposition (and destruction) of production facilities and existing stocks (including
excess weapons material) would be dealt with separately through a multilateral, legally binding
instrument on the total prohibition of nuclear weapons;

• Two-phase negotiation leading to a FMT: first, through the Ad Hoc Committee, the CD should
agree on a framework of indicative treaty headings; second, this would be followed by drafting
of treaty language, primarily by U-8 but in full consultation with CD membership.

While it would be desirable to extend the production moratoria to cover all eight states with
unsafeguarded production facilities and unsafeguarded weapon-usable material, present realities
would suggest that such a multilateral (U-8) moratorium could only be achieved over time. As such,
a deadline could be set for 1 January 2000 for securing unilateral production moratoria in the U-8,
preferably through a common agreed text or through a FMT. However, during this period the NWS
would agree neither to resume new production, nor to slow the pace of declaring surplus weapon
fissile material, and the three non-NPT states would agree not to accelerate their production. The
stocks of the NWS remain considerably in excess of the three non-NPT states and the gaps could be
reduced but not closed by January 2000. Verification of non-production would take place through
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external perimeter monitoring by the IAEA; any methodologies developed through the Trilateral
Initiative could be employed toward this end. Existing storage sites for weapon-usable fissile material
would be designated as �sanctuaries�, but no material could leave the sites (except as already discussed
above). As a confidence-building measure, the U-8 could agree to exchange categorized and isotopic
declarations (described below). Given the injunction of the 1995 NPTREC on a FMT, it would be
politically important to set a deadline of 1 April 2000 for agreement on a basic draft text of a FMT,
subject to final revision and agreement. A FMT under this approach would accomplish two objectives:

it would verifiably halt further production and it would create bounded
transparency and accountability of all existing U-8 stocks. The treaty
would not be burdened with provisions governing final disposition and
elimination of stocks of weapon-usable fissile material, which would
belong to a future multilateral treaty prohibiting nuclear weapons.

The actual negotiation should be a seamless two-phase process.
The CD should re-establish an Ad Hoc Committee to negotiate a FMT.
In phase I of this pragmatic approach, the Ad Hoc Committee would
draft and agree upon a framework of indicative headings for a FMT.
This would involve agreeing on the framework of the scope of obligations
as well as on the scope of verification and monitoring regimes, in addition
to other procedural and technical aspects of a treaty. In the next phase,
also with the involvement of the chair of the Ad Hoc Committee, the
U-8 would take on the primary responsibility for drafting treaty language,
but this would need to be done in close consultation with other states.

Given the technical nature of the subject, it would be essential for delegations to include scientific
advisors and other technically qualified personnel in the negotiation. Furthermore, sensitive and
complex issues would need to be discussed in working or technical groups, however, it would be
equally important not to allow technical discussions to bog down the negotiation. For negotiation
on a FMT to be credible, it would be necessary to create a suitable climate of confidence by providing
comprehensive disclosure of fissile material inventories designated by isotopic composition�this
can be achieved without necessarily compromising sensitive design information or contributing to
intangible proliferation. Some suggestions for disclosure are discussed next.

DECLARATION OF FISSILE MATERIAL

In the framework of a FMT as discussed above, data exchanges12  by the U-8 on current stocks
or past production of weapon-useable fissile material could take the form of any one of the types of
declaration outlined below � the only exemptions would be for material contained within intact
warheads, or material already especially manufactured for warheads but not yet shaped into cores/
pits.

Multilateral Comprehensive Declaration

• Categorized declaration of all weapon-usable fissile material inventories, categorized in terms
of military and non-military stocks;

• Isotopic declaration of all weapon-usable fissile material inventories, categorized in terms of
military and non-military stocks.

A FMT under this approach
would accomplish two objectives:
it would verifiably halt further
production and it would create
bounded transparency and
accountability of all existing U-8
stocks. The treaty would not be
burdened with provisions
governing final disposition and
elimination of stocks of weapon-
usable fissile material, which
would belong to a future
multilateral treaty prohibiting
nuclear weapons.
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Phased Comprehensive Declaration

• Register of fissile material: phased or step-by-step gross declarations of all weapon-usable
fissile material produced and currently held in all inventories;

• Categorized declaration of weapon-usable fissile material: phased or step-by-step
comprehensive declarations of all weapon-usable fissile material produced and currently held
in all inventories, categorized in terms of all military and non-military stocks;

• Isotopic declaration of weapon-usable fissile material: phased or step-by-step comprehensive
declarations of all weapon-usable fissile material produced and currently held in all inventories,
categorized by isotopic composition in all military and non-military stocks.

Unilateral Declaration

• Unilateral, simultaneous gross declarations of all fissile material produced and currently held
in all inventories (the unilateral declaration by the United Kingdom as part of its Strategic
Defence Review could serve as an illustrative example);

• Unilateral, simultaneous categorized declarations of all fissile material produced and currently
held in all inventories, categorized in terms of military and non-military stocks;

• Unilateral simultaneous (phased) declarations of all fissile material produced and currently
held in all inventories, categorized by isotopic composition in all military and non-military
stocks.

Conclusion

The issue of a multilateral FMT has acquired a certain orthodoxy harking back to the Cold War.
Through the Cold War, a FMT was conceived of primarily as a nuclear disarmament measure � a
step by which to cut-off the material for the production of nuclear warheads by the five original
nuclear proliferators. With the ending of the Cold War and the deep cuts in nuclear warheads under
the INF and START agreements between the United States and the former Soviet Union, a FMT was
portrayed by some of the NWS, notably the United States, as serving primarily a nuclear non-
proliferation purpose. Furthermore, the impasse at the CD between those favouring an incremental,
step-by-step approach to nuclear disarmament and those pushing for a time-bound framework for
the elimination of nuclear arms, led to an artificial hierarchy of measures � i.e. the CTBT, followed
by a FMT, accompanied by the START series of agreements and negotiations in good faith leading to
nuclear disarmament and general and complete disarmament. Lost in this discourse was the practical,
common-sense approach focusing on the roots of the proliferation/disarmament conundrum � i.e.
the NWS and the three non-NPT states. While a grand FMT negotiated along the lines of the CTBT
might be desirable, there is no pressing logic for following that tortuous and time-consuming path.
In the aftermath of South Asian proliferation, one must liberate the arms control process from the
lingering binds of the Cold War and shed the �old think� that has so heavily influenced the thinking
on a FMT by both officials and NGO experts. Pragmatism and flexibility would recommend that a
FMT, in the first instance, be drafted by the U-8 or whomever among their number are amenable to
join a negotiation (without regard to their official or unofficial status). However this must be in
consultation with other NNWS, so that there can be agreement on the general parameters of a
treaty. For a FMT to be effective and credible, it must deal both with verifiably halting further
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production and with bringing transparency and accountability to existing stocks. And it must provide
the framework and context leading in time to a global, legally binding instrument on the prohibition
of nuclear weapons.
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S uccessful completion of a Fissile Material Cut-off Treaty (FMCT) in the near future would
be an important step towards the ultimate goal of eventual elimination of nuclear
weapons. Of major importance to both nuclear disarmament and non-proliferation

objectives, the FMCT would serve the security interests of all members of the international community
and complement the Nuclear Non-Proliferation Treaty (NPT) and the Comprehensive Nuclear Test-
Ban Treaty.

The FMCT will affect individual states differently due to the variance in their nuclear fuel cycles
and pre-existing inventories of fissile material. Hence there are differences among national experts
over what should be the ultimate aim of the FMCT and how it fits into the broader arms control,
disarmament and non-proliferation processes. It is important to appreciate, however, that whatever
the scope of the eventual FMCT, states that are parties to a comprehensive safeguards agreement �
essentially non-nuclear-weapon states (NNWS) parties to the NPT � will by that fact alone satisfy
the requirements of the FMCT. These states have undertaken not to produce or acquire nuclear
weapons or other nuclear explosive devices, and to accept IAEA safeguards on all their nuclear
material to verify the fulfilment of this undertaking. Therefore, the FMCT will substantively affect
only those states that have not accepted comprehensive safeguards � the nuclear-weapon states
(NWS) and the threshold states (TS).

Debate goes on about what specific materials and activities the FMCT should address. In terms
of what the FMCT should cover, opinions span a wide spectrum � from a treaty of narrow scope,
which would be limited to future production of weapon-grade material and associated facilities, to
a comprehensive treaty resembling NPT safeguards. The problem is how to negotiate a treaty that is
favourable for all participants, given that interests and priorities vary so much.

The authors have been invited to highlight some possible significant divisions in the scope
debate that might arise in the FMCT negotiations. Accordingly it is not the aim of this short essay to
present a systematic and comprehensive study on the scope of the FMCT and associated verification
arrangements. Instead we formulate and discuss here some key issues related to the FMCT.

FMCT:

Some Significant Divisions in the Scope Debate

Victor BRAGIN & John CARLSON

Dr. Victor Bragin has been involved in the development of a Fissile Material Cut-off Treaty since 1994, first as
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What Should Be the State�s Basic Commitment Under a FMCT?

Experts� opinions differ even over the fundamental issue of the state�s basic commitment under
the FMCT. It is widely accepted, and consistent with the Conference on Disarmament�s decisions
and United Nations resolutions, that the FMCT should prohibit production of fissile material for
nuclear weapons or other nuclear explosive devices. Thus, it should be relatively easy for states to
agree that upon entry into force each state party would undertake:

• not to produce fissile material for nuclear weapons or other nuclear explosive devices;

• not to use any fissile material that is subject to the FMCT for nuclear weapons or other nuclear
explosive devices; and

• to accept international verification pursuant to the FMCT to provide assurance that fissile
material is being produced only for non-proscribed purposes.

A FMCT based on these undertakings alone would comprise a substantial step towards the
ultimate goal of nuclear disarmament.

We assume that any eventual FMCT will focus on future
production. Though some states have sought inclusion of stocks of
fissile material existing at the time of the FMCT�s entry into force,
we believe most key states now appreciate that the only negotiable
treaty is one that deals primarily with future production. If there is to
be a successful outcome to the negotiations, we believe those states
seeking the inclusion of pre-existing stocks will have to be prepared
to recognize that securing a treaty applying to future production will

be a very considerable achievement, of substantial benefit to the security interests of all participants.

What Nuclear Material Would Be Subject to Verification?

It is important to highlight the fundamental difference between verification arrangements under
the NPT and the FMCT. Full-scope NPT safeguards are designed for states in which all nuclear
material is safeguarded and which have undertaken a comprehensive commitment not to receive,
manufacture or otherwise acquire nuclear weapons. The FMCT is designed to proscribe production
of fissile material for nuclear weapons or other nuclear explosive devices by states that already have
or may have nuclear weapons; thus, not all nuclear material would need to be subject to safeguards
in the NWS and the TS.

The rationale for applying less than comprehensive safeguards under a FMCT can be summarized
as follows:

• the existence in the NWS and TS of unsafeguarded stocks, produced prior to entry into force,
which rules out fully comprehensive safeguards;

• practicalities:

— the cost in absolute terms � inspection resources would have to be increased at least
threefold relative to current IAEA levels to apply comprehensive safeguards;

— cost-effectiveness (the cost in terms of strategic benefit gained) � does a comprehensive

Though some states have sought
inclusion of stocks of fissile material
existing at the time of the FMCT�s
entry into force, we believe most key
states now appreciate that the only
negotiable treaty is one that deals
primarily with future production.
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approach yield significant additional benefits in proportion to the extra cost over a
focussed approach?

— the need to keep the inspectorate to a manageable size.

At the other end of the spectrum to a comprehensive verification regime, some have proposed
that the scope of the FMCT should be limited to weapon-grade material. The proponents consider
this would be the most cost-effective approach. It is not clear however that significantly fewer
inspections would be needed at enrichment and reprocessing plants to determine that there had
been no production of weapon-grade material, relative to verification of production of �weapon-
useable� material (discussed below). More importantly, it is of major concern that such a limited
scope would undermine the critical purpose of the FMCT and undercut long-standing international
standards in safeguards. The barriers to possible breakout would be substantially reduced because
of the possibility of rapid upgrading of weapon-useable material to weapon-grade, or even the use
of such material in sub-optimal nuclear explosive devices.

We envisage a verification regime primarily aimed at direct-use materials, i.e. those materials
that are considered for IAEA safeguards purposes to be weapon-useable. Such material includes:

• plutonium with an isotopic concentration of Pu-238 of less than 80%;

• highly enriched uranium (HEU), i.e. containing 20% or more of the isotope U-235; and

• U-233.

These materials would be defined as �fissile materials� for FMCT purposes. We further envisage
that these materials would be subject to verification only while they are in unirradiated form. This is
based on the definition we believe is appropriate for �production�, i.e. enrichment and reprocessing.
Production of plutonium through irradiation in a reactor should not be included, as such plutonium
would be available for weapon use only after reprocessing.

Some authors suggest that verification should be limited to separated direct-use material. The
difficulty is what is meant by �separated�. This could be seen as excluding fissile material, which has
been blended for fuel fabrication, e.g. plutonium in MOX (mixed oxide fuel, a plutonium/uranium
mix). For this reason we consider it is preferable to refer to unirradiated material.

Our definition excludes low enriched uranium (LEU), and also plutonium, HEU and U-233 in
irradiated material (e.g. spent fuel or irradiated targets) or active waste. It will be important, however,
to incorporate an appropriate definition of irradiated material so that material that is only lightly
irradiated, or where radiation levels have significantly declined over time, will be subject to verification.

While some might consider that our definition of the material subject to a FMCT is narrow, it
should be noted that it captures all fissile material produced after entry into force through enrichment
and reprocessing and follows it up to the point of termination of safeguards:

• upon irradiation of the fissile material in a nuclear reactor or other intense neutron source to
a level to be specified;

• upon blending of HEU or U-233 with depleted, natural or low enriched uranium so that the
resulting uranium no longer meets the definition of fissile material (e.g., contains less than
20% of the isotope U-235); or

• upon determination by the verification agency that the fissile material has become practicably
irrecoverable.
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What Nuclear Facilities Would Be Covered By Verification?

The FMCT must provide for means to verify that fissile material is not produced outside
international safeguards after entry into force, and that safeguarded fissile material is not diverted for

use in nuclear weapons or other nuclear explosive
devices, or for purposes unknown. The basic question
is whether to seek a treaty with wide or with focused
verification. A treaty of wide scope would cover all
nuclear facilities and material, except for pre-existing
stocks and materials related to non-proscribed military
activities, while a focused treaty would concentrate
on only the most proliferation-sensitive fissile material
production facilities, i.e. reprocessing and enrichment

facilities, and relevant product from those facilities. Clearly the issues here are very similar to those
discussed in the section above.

Due to resource constraints affecting the IAEA, it is apparent that the only feasible approach to
safeguards implementation under the FMCT is a focussed approach, under which safeguards would
apply to:

• all unirradiated fissile material produced after entry into force in both peaceful and non-
proscribed military activities;

• all facilities that are (or have been or could be) capable of producing these materials (primarily
enrichment and reprocessing facilities), including decommissioned, shut-down and future
facilities; and

• other downstream facilities handling (storage, processing, utilization and disposal) fissile material
produced after entry into force up to the point of termination of safeguards.

Under the focussed approach all reprocessing and enrichment facilities would have to be
declared and become subject to international verification or monitoring, regardless of their status or
capacity. Although LEU would not be subject to the FMCT, all uranium enrichment activities would
be subject to verification to provide assurance there is no undeclared production of HEU. It still
remains to be determined what types of hot cells and R&D isotope separation facilities would have
to be declared and monitored under the FMCT.

The �starting point� of safeguards under the FMCT should, in our opinion, be different from
that of the comprehensive safeguards applied to NNWS under the NPT. We propose that the fissile
materials defined above would become subject to verification under the FMCT when:

• plutonium, HEU or U-233 contained in irradiated material (fuel assemblies or targets) is
introduced into a reprocessing plant or any other facility capable of separating subject material
from fission products;

• plutonium, HEU or U-233 contained in active waste is introduced into any facility capable of
recovering and partitioning these materials from fission products;

• any uranium is introduced into a uranium enrichment plant or any other facility capable of
uranium isotope separation; or

• any plutonium is introduced into any facility capable of plutonium isotope separation (a separate
issue is whether plutonium enrichment, which is primarily of military interest, should be
proscribed).

A treaty of wide scope would cover all nuclear
facilities and material, except for pre-existing stocks
and materials related to non-proscribed military
activities, while a focused treaty would concentrate
on only the most proliferation-sensitive fissile
material production facilities, i.e. reprocessing and
enrichment facilities, and relevant product from
those facilities.
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What Other Facilities Would Have To Be Declared To The Verification Agency?

Verification arrangements under the FMCT must allow timely detection of undeclared production
of fissile material. This implies that, in addition to the verification arrangements for the types of
facilities listed above, the FMCT might require state declarations in relation to:

• stocks of fissile material existing at entry into force and retained outside international safeguards;

• nuclear facilities involved in non-proscribed military activities, for example:

— production of fissile material for non-explosive military uses, including HEU for naval
propulsion; and

— activities relating to the use, reuse and recycling of fissile material already in the military
cycle at entry into force.

It is not realistic to require declarations by states detailing all their nuclear activities, including
military activities. It is likely that a requirement to provide detailed declarations covering military
activities would not be acceptable to the NWS. It is highly unlikely that the TS would be willing to
reveal military nuclear activities due to the ambiguity of their nuclear status.

In our view, although no detailed information should be required on military facilities involved
in activities that are not proscribed by the FMCT, where those facilities and locations contain fissile
material not subject to the FMCT they should at least be listed in state declarations with a short
description of their purpose (though not detailing fissile material inventories).

As regards the verification agency�s right of inspection or access at any location where there is
evidence warranting investigation, we think that what constitutes evidence requires careful review,
since the objective is to detect undeclared production,
not undeclared material.  An effective managed access
regime, which takes account of the need to prevent
compromising states� national security or proliferation-
sensitive information, will be critical to the success of
the treaty.

Declarations and other transparency measures might be a useful complement to routine and
other inspections. They might provide a means to enhance confidence at those facilities outside a
routine inspection regime or at which traditional safeguards approaches have to be modified for use
in NWS/TS. In some instances, it may be necessary to have transparency measures on the basis of
bilateral or multilateral agreements between and among the NWS/TS.

How Close Need Verification Arrangements Under The FMCT Be To Those Under
The NPT?

Verification arrangements for the FMCT do not have to be copied from those existing under
the NPT due to the fundamental difference between the two treaties.  There is no consensus as yet
on the applicability in the NWS/TS of the new measures developed by the IAEA for the Strengthened
Safeguards System (SSS).

The essence of our approach can be outlined as follows. On one hand, in the future when the
SSS proves effective in providing sufficient assurance of the absence of undeclared enrichment and
reprocessing activities, there can be a significant reduction in comprehensive safeguards measures

An effective managed access regime, which
takes account of the need to prevent
compromising states� national security or
proliferation-sensitive information, will be critical
to the success of the treaty.
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in NNWS on natural uranium, LEU and plutonium in spent fuel.  �Classical� safeguards measures
would be necessary mainly on material that could be broadly classed weapon-useable, i.e. HEU and
unirradiated plutonium. In other words, focussed safeguards would become the appropriate model
for general application. Under this line of reasoning, over time a convergence can be expected
between the current safeguards regime and the measures that are likely to be introduced for a
FMCT. On the other hand, however, this situation does not yet exist, as the basic precondition �
that the SSS will provide the necessary assurance of the absence of undeclared activities � has yet
to be established.  Thus for the immediate future it will be necessary to maintain at least some
elements of classical safeguards at all types of facilities in NNWS.

Deriving assurance of the absence of undeclared facilities of particular types, such as enrichment
and reprocessing facilities, will be as important under a FMCT as it is under NPT safeguards. While
a NWS or TS having opted to join the FMCT might have a relatively limited incentive to produce
undeclared fissile material, the possibility cannot be excluded altogether, and it would be important
for the FMCT to provide assurance in this regard. So we consider that classical safeguards measures
applied to relevant facilities under the FMCT regime will have to be complemented by appropriate
measures along the lines of those provided for in the recently concluded Model Safeguards Protocol.



I n December 1993, the United Nations General Assembly adopted, by consensus, a
resolution calling for negotiation of a �non-discriminatory, multilateral and international
effectively verifiable treaty banning the production of fissile material for nuclear weapons

or other nuclear explosive devices.�1  In March 1995, the Geneva-based Conference on Disarmament
(CD) agreed to a mandate to begin negotiations on a Fissile Material Cut-off Treaty (FMCT). After
several additional years of dispute over their scope and linkage with disarmament, it appears that
negotiations on a FMCT may finally begin in 1999. Since no nuclear weapon can be made without
using at least kilogram quantities of fissile material,2  a verified ban on new production would make
up a major portion of the regime required to monitor irreversible nuclear disarmament.

The most fundamental issues that will have to be negotiated at the CD concern how a
FMCT will relate to:

• pre-existing stocks of military fissile materials in the nuclear-weapons states (NWS);

• extension into the NWS of the international safeguards regime that monitors civilian nuclear
activities in non-nuclear-weapon states (NNWS) parties to the Non-Proliferation Treaty (NPT);
and

• the separation and stockpiling by some countries of huge quantities of directly weapon-usable
plutonium for non-weapon purposes.

In brief, the approach proposed here supports a FMCT with comprehensive safeguards on
civilian nuclear facilities in all states, complemented by separate commitments from the states with
the largest stockpiles of direct weapon-usable materials � civilian as well as military � to greatly
reduce these stocks.

Pre-existing Stocks of Military Fissile Materials

The United States and the Russian Federation, which have the largest stockpiles, should declare
their sizes and commit to reducing their total stocks of separated plutonium to levels commensurate
with the warhead levels to which they have agreed for START III. Similar cuts should be made in
their stocks of highly enriched uranium (HEU, uranium enriched to more than 20% U-235), although
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the situation there is complicated by stockpiles reserved for naval-reactor use.

International Monitoring

As a first step, the NWS should declare those facilities which contain fissile materials. An
agreement should then be made to extend the IAEA�s international safeguards regime into the NWS
step-by-step until the same coverage of their civilian nuclear sectors is achieved as in NNWS.
Thereafter, nuclear weapons reductions should be accompanied by transfers of fissile materials and
nuclear facilities out of the exempted military nuclear sectors into the inspected sectors.

Civilian Separation of Plutonium

The goal should be to phase out the civilian separation of plutonium, which no longer has any
economic rationale. In the interim, states with civilian plutonium activities should commit to disposing
of all but minimal working stocks of separated plutonium.

Military Fissile Materials

None of the �P-5�3  nations is currently thought to be producing fissile materials for nuclear
weapons. Indeed, all but China have publicly announced that they have permanently ended their

production of fissile materials for weapons. The �Group of 21� (G-21)
non-aligned countries at the CD4  and some other states would therefore
like to see the FMCT negotiations push the P-5 to make further steps
toward nuclear disarmament by requiring at least very deep cuts in
their existing stocks of weapons materials. In the words of the Indonesian
ambassador to the CD, �brushing aside the issue of stockpiles, would,
once again, render the cut-off treaty a mere non-proliferation
measure ...�.5

The 1995 Shannon Mandate for the FMCT negotiations recognizes
this widespread interest in stockpile reductions and �does not preclude

any delegation from raising for consideration of the ad hoc [negotiating] Committee ... past
production ... and the management of such material ...�.6

The P-5 nations insist that the most efficient route to nuclear reductions is through negotiations
among themselves. Among the NWS, those with the smallest stockpiles insist that the United States
and the Russian Federation must take the lead. The United States and the Russian Federation have,
in fact, already declared excess significant quantities of HEU and plutonium. However, their stockpiles
remaining after the reductions will still be huge (see Table 1). Thus, for example, the United States
will retain about 47 tons of weapon-grade plutonium, virtually all in weapons or weapons
components.7

Detailed information about American plutonium stocks is available because the United States
has declared its total stockpile of plutonium, along with information concerning its past production
and disposition. The United States has also been preparing to make a declaration of similar data

The �Group of 21� (G-21)
non-aligned countries at the CD
and some other states would
therefore like to see the FMCT
negotiations push the P-5 to make
further steps toward nuclear
disarmament by requiring at least
very deep cuts in their existing
stocks of weapons materials.
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about its HEU. The Russian Federation should make similar declarations and the two countries
should exchange additional information and undertake joint �nuclear archaeology� projects to
increase each other�s confidence in their declarations of past fissile-material production and disposition
activities. Having a better measure of each other�s stockpiles should make both countries more
willing to agree to further cuts. Other countries will have to join in these transparency measures in
order for stockpile reductions to continue.

Under START II, the United States and the Russian Federation have agreed to limit their number
of deployed strategic warheads to 3,000�3,500 each. However, according to the United States
Natural Resources Defense Council (NRDC), even after full implementation of the treaty, the United
States plans to keep a total of about 10,000 warheads plus approximately 5,000 �reserve pits� that
could be reassembled into an additional 5,000 warheads.8  Judging from Table 1, the Russian
Federation appears to be keeping at least as much weapons material.

Table 1. Stockpiles of directly weapon-usable fissile materials in 1996

in metric tons

When not otherwise indicated, the source is David Albright, Frans Berkhout and William Walker, Plutonium and
Highly Enriched Uranium, 1996: World Inventories, Capabilities and Policies, SIPRI/Oxford University Press, 1997.

1 Estimated 80% average enrichment.
2 All but 33 tons of this material is less than weapon-grade, i.e. less than 92% U-235.
3 Plutonium: The First 50 Years, Figure 3.
4 Plutonium Disposition Statement (Clinton-Yeltsin Summit, Moscow, 1 September 1998). The United States

apparently added 14.5 tons fuel and reactor-grade plutonium to the 38.2 tons of weapon-grade plutonium
previously declared excess.

5 Approximate amount committed for blending down to LEU and sale to the United States under the Agreement
Between the Government of the United States of America and the Government of the Russian Federation Concerning
the Disposition of Highly Enriched Uranium Extracted from Nuclear Weapons, 18 February 1993.

6 Plutonium Disposition Statement, ibid.
7 The Russian Federation�s 1998 declaration to the IAEA under the International Guidelines for the Management

of Plutonium, ibid., www.iaea.org/worldatom/infcirc/infcirc549/a9.pdf.
8 Strategic Defense Review, ibid. Enrichment level not specified.
9 Strategic Defense Review, ibid. Of the plutonium declared excess, 0.3 tons is weapon grade.
10 British Department of Trade and Industry, 2 June 1998. In addition, Britain was storing 6.1 tons of foreign

separated plutonium. Declaration to the IAEA under the International Guidelines for the Management of
Plutonium, ibid., INFCIRC549/add. 8/1.

11 Declaration to the IAEA under the International Guidelines for the Management of Plutonium, ibid., INFCIRC549/
add5/1. France was also storing 33.6 tons of foreign separated plutonium.

12 Declaration to the IAEA under the International Guidelines for the Management of Plutonium, ibid.,
INFCIRC549/add. 7.
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In their March 1997 Helsinki Summit Statement, Presidents Clinton and Yeltsin agreed that the
objective of the START III negotiations will be to reduce the number of strategic nuclear weapons
deployed by each country to 2,500 or less by the year 2007. The Russian Government would like to

reduce this limit to 1,500 or less, since it may be forced by its
currently severe economic constraints to cut its deployed strategic
warheads down to fewer than 1,000.9

The United States National Academy of Sciences has used �as
a planning figure� for plutonium disposition the estimate that an
average American warhead contains four kilograms of plutonium.10

On this basis, the United States and the Russian Federation could
each declare excess all but 15 tons of weapon-grade plutonium
and still have enough left for a few thousand warheads plus R&D
and buffer stocks. Judging again from Table 1, this would also leave
each of them with a stockpile of military plutonium comparable to
the combined total stockpiles of all the other NWS.

Fissile material declared excess to military needs should be
placed under IAEA safeguards. At the April 1996 G-8 �Nuclear Safety and Security Summit� in
Moscow, the United States and the Russian Federation, along with Britain and France, �pledged our
support for efforts to ensure that all sensitive nuclear material (separated plutonium and highly
enriched uranium) designated as not intended for use for meeting defence requirements is safely
stored, protected and placed under IAEA safeguards ... as soon as it is practicable to do so.�11

For the United States and the Russian Federation to go further and actually destroy these stocks
might require additional, far-reaching actions. The United States might, for example, insist that the
Russian Federation dispose of its large stockpile of reactor-grade plutonium (see below). Further
reductions might also require the commitments of additional NWS to both stockpile transparency
and reductions. Britain has already declared its stockpiles of military fissile materials and committed
to reductions in its military plutonium stockpile.12

The situation with reductions in the HEU stockpiles is more complex because, in the case of
the United States at least, they include very large stocks reserved for American and British naval-
reactor fuel use, which amounts to a few tons per year.13  The Russian Federation, with a smaller and
less active nuclear navy, uses less HEU for this purpose but does use HEU to fuel tritium-production
reactors.14

The United States and the Russian Federation should each declare the total stocks of HEU that
they have set aside for military reactor use to facilitate judgements of when these stockpiles may
become obstacles to further nuclear disarmament.

The alternative to maintaining large unsafeguarded stockpiles of HEU for military reactors
would be to place them under IAEA safeguards and then remove the HEU from safeguards when
needed. Even countries that have declared themselves NNWS under the NPT are permitted to
withdraw material from safeguards to fuel military reactors.15

Extension of the International Safeguards Regime in the NWS

The FMCT verification proposal preferred by the United States has raised concern because it
would apply much less stringent verification requirements to the civilian nuclear-energy sectors of
the NWS than are required of states that have signed the NPT as NNWS. The consensus United

The United States National
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disposition the estimate that an
average American warhead contains
four kilograms of plutonium.  On this
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Russian Federation could each
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weapon-grade plutonium and still
have enough left for a few thousand
warheads plus R&D and buffer stocks.
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Nations resolution and the Shannon Mandate explicitly call for a �non-discriminatory� treaty.

The United States favours a verification regime focused narrowly on:

• uranium enrichment plants, to determine whether or not HEU is being produced;

• spent fuel �reprocessing� plants at which plutonium or other artificial fissile isotopes made by
neutron absorption16  can be separated from highly radioactive fission products; and

• fissile materials produced after the FMCT comes into force and the facilities in which these
materials are present.

This regime would be supplemented by challenge inspections involving managed access to
suspect sites. This will be termed the �narrow inspection option� below.

Safeguards in NNWS cover in addition all power and
research reactors fuelled by natural and low enriched
uranium (LEU), and facilities at which their fuel is produced
or stored. In the absence of such coverage, some LEU could
be diverted without detection to a small clandestine uranium-
enrichment facility to be further enriched to HEU, or some
spent LEU or natural uranium fuel could be diverted to a
large hot cell where the plutonium could be separated out.

Following the discovery of the extent of Iraq�s
clandestine nuclear-weapons activities, the IAEA is requesting declarations of and is making spot
inspections at facilities not currently involved in the nuclear fuel cycle, and of equipment and even
components that could contribute to a fissile-material production programme. Monitoring is also
being extended to include environmental sampling and radiation measurements at locations where
activities involving fissile materials might have taken place, and to wide-area environmental sampling
to detect such activities. An Additional Protocol (INFCIRC/540) authorizing such monitoring was
approved by the IAEA Board of Governors in May 1997 and had been signed by thirty-two countries
as of September 1998.17

Environmental monitoring will have to be more discriminating in NWS than NNWS because of
past and continuing releases from the processing in weapon-production facilities of large quantities
of unsafeguarded military materials. This strengthens the case for monitoring the entire civilian fuel
cycle in NWS.

Realistically, given the large number of facilities to which safeguards will have to be applied
and the large number of expert personnel that will be required, international monitoring in the
NWS will have to be implemented in stages. The narrow coverage favoured by the United States is
an obvious first step. However, coverage should be expanded as quickly as practicable until it is as
comprehensive outside declared military nuclear facilities as the coverage that has been accepted
by the NNWS. Even declared military nuclear facilities will have to be eligible for challenge inspections
to verify that they do not contain clandestine reprocessing or enrichment facilities. All facilities in the
NNWS that have accepted the Additional Protocol are already subject to �managed-access� challenge
inspections by the IAEA � as they are states parties to the Chemical Weapons Convention. Managed
access arrangements allow inspected countries to provide information required by international
inspection teams while protecting sensitive military or proprietary information.

One argument that has been made for the narrow inspection option is that, since it would only
cover tens of facilities, it should be much less costly than NPT-type broad coverage of the civilian
sectors of the NWS, which would require the monitoring of approximately 1,000 additional nuclear

Following the discovery of the extent of
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facilities worldwide. However, a large fraction of the facilities that would have to be safeguarded
under the broad coverage are reactors fuelled by LEU. Such reactors require only about one hundredth
as much inspection effort as large reprocessing facilities or uranium-plutonium �mixed-oxide� (MOX)
fuel fabrication plants,18  and even that level of effort is being reduced as the IAEA introduces
remote monitoring of spent-fuel pools.19  As a result, a 1995 IAEA comparison of the annual cost of
�full verification of separated fissile material and facilities capable of producing such material� (i.e.
the narrow inspection option) was $90 million, only one-third less than the estimate of $140 million
per year for full safeguards on all civilian facilities in the NWS.20

A still low-cost version of the narrow option considered by the IAEA would verify only the
inputs and outputs of reprocessing plants and MOX and HEU fuel-fabrication facilities. Its weakness
is that it might not detect clandestine reprocessing or enrichment of undeclared feed materials, even
at the covered facilities. However, it might make sense to have such limited monitoring at military
reprocessing facilities in the course of shutdown, when the implementation of full in-process safeguards
for a relatively short period would be extremely costly and time-consuming.

The safeguards operations budget of the IAEA in 1997 was $60 million.21  It would be tripled
to $200 million/year for the most costly comprehensive FMCT verification approach considered in
the 1995 IAEA working paper. This $140 million increase would be tiny, however, in comparison
with the operational cost savings realized by the NWS as a result of shutting down their fissile-
material production complexes. From 1984 through 1993, the United States alone spent about
$2 billion per year on plutonium production for weapons. From 1954 through 1963, before the
United States ended the production of HEU for weapons and began shutting down many of its
plutonium-production reactors, the annual American rate of expenditure for the production of
fissile materials for weapons averaged about $7 billion.22

Approximately one-half of the estimated additional safeguards burden under the comprehensive
verification option would be from reprocessing and the associated plutonium recycling and storage
activities.23  This cost would therefore be saved if these activities are phased out, as recommended
below.

The Problem of Large Civilian Inventories of Plutonium

The very large existing and proposed civilian programmes under which reactor-grade plutonium
is being separated and stockpiled will inevitably become an issue in negotiations over a FMCT and
over reduction of the stocks of military fissile materials. Twenty-five years ago, India�s 1974 nuclear
test demonstrated that a nominally civilian programme can be used as a cover for the production of
plutonium for nuclear weapons.

The fact that most civilian plutonium is reactor grade rather than weapon grade provides small
comfort.24  According to American weapons experts: �At the lowest level of sophistication, a potential
proliferating state or sub-national group using designs and technologies no more sophisticated than
those used in first-generation nuclear weapons [e.g. the Nagasaki bomb] could build nuclear weapons
from reactor-grade plutonium that would have an assured reliable yield of one or a few kilotons
(and probable yield significantly higher than that). At the other end of the spectrum, advanced NWS
such as the United States and the Russian Federation, using modern designs, could produce weapons
from reactor-grade plutonium having reliable explosive yields, weight, and other characteristics
generally comparable to those of weapons made from weapon-grade plutonium...�.25

As already noted, the Russian Federation�s large stockpile of reactor-grade plutonium may
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become a consideration in the willingness of the United States to further reduce its stockpile of
weapon-grade plutonium. If the United States raises this issue, the Russian Federation may point to
the very large stocks of reactor-grade plutonium in Britain and France. Similarly, China may not be
willing to reduce its stockpile of military fissile material if Japan continues to maintain a very large
stockpile of separated reactor-grade plutonium. Pakistan may not be willing to join in a FMCT if
India continues to build up a large stockpile of separated plutonium for its breeder-reactor programme.
These concerns provide one more reason why countries with very large stockpiles of separated
reactor-grade plutonium should dispose of them as quickly as possible.

Recently, the Royal Society considered the problem of Britain�s growing national stockpile of
reactor-grade plutonium, which is expected to exceed 100 metric tons by 2010.26  Its report found
this stockpile to be a �radio-toxicity and proliferation risk� and that �the chance that the stocks of
plutonium might, at some stage, be accessed for illicit weapons production is of extreme concern.�
It therefore urged the British Government to examine various options for disposing of the stockpile,
suggesting specifically �that steps could be taken to reduce the amount added to it each year,
primarily by reducing the amount of reprocessing carried out.�

In fact, the end of the era of large-scale commercial reprocessing may be in sight. France and
Britain, which together account for about 90% of global commercial plutonium separation (about
20 tons per year) are rapidly losing their customers. Most of their smaller reprocessing customers
(Belgium, Spain, Sweden and Switzerland) have already opted for the less costly alternative of interim
spent fuel storage.27  Italy has abandoned nuclear power altogether and the Netherlands plans to do
so by 2004.28

And now Germany and Japan, the principal foreign reprocessing customers of France and
Britain (see Table 2), are also beginning to opt for storage over reprocessing. The new German
Government has decided to encourage at-reactor storage of spent fuel until shutdown � thereby
completing the reversal of the original German policy, which required reprocessing.29  Japan�s nuclear
utilities have also begun to build more on-site storage rather than enter into new reprocessing
contracts with the French or British reprocessors or complete their own very costly reprocessing
plant.30  In an era of electric power deregulation and increased price competition, the British and
French nuclear utilities are likely to follow suit.

Table 2. Oxide fuel reprocessing contracts as of 1995

in metric tons heavy metal

Source: Plutonium and Highly Enriched Uranium 1996, ibid., pp. 162, 168.
1 Not including fuel that had been reprocessed as of the end of 1993.
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Work on the construction of a huge commercial reprocessing facility near the Russian military
�plutonium city� of Krasnoyarsk-26 was halted by lack of funds in 1990.31  Russia�s Ministry of
Atomic Energy (MinAtom) continues to operate the relatively small �Mayak� commercial reprocessing
facility at a second closed city, Chelyabinsk-65, separating 1�2 tons of plutonium a year out of
Hungarian, Bulgarian, Slovenian, Ukrainian and Russian spent fuel.32  However, three previous
customers (the Czech and Slovak Republics and Finland) have switched to interim storage; Ukraine
plans to do so;33  Hungary, currently the Russian Federation�s most profitable reprocessing customer,
has built an interim spent-fuel storage facility; and Bulgaria is finding its shipments of spent fuel to
the Russian Federation facing increasing political opposition in the region.

India has a civilian reprocessing programme to provide plutonium for a planned prototype
breeder reactor that is unlikely to be built.34  The United States, Germany, Britain and France each
spent billions of dollars on major breeder reactors demonstrating commercial applications during
the 1970s and later. However, after concluding that such reactors would not be economical for the
foreseeable future, they all abandoned or postponed these programmes.

To seek an immediate ban on commercial reprocessing as a part of a FMCT would doom near-
term progress because France, Britain, the Russian Federation and India would all adamantly oppose
any such broadening. States with civilian plutonium activities should be pressed, however, to at least
dispose of all but minimum working stocks of separated plutonium. This was one of the original
objectives of the Vienna-based negotiations of international �Guidelines for the Management of
Plutonium�. Unfortunately, these negotiations yielded only a vaguely worded, lowest common
denominator commitment to �the importance of balancing supply and demand, including demand
for reasonable working stocks for nuclear operations, as soon as practical.�35  Stronger commitments
should be sought.
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T he potential benefits of a Fissile Material Cut-off Treaty (FMCT) are well known: it will
put non-proliferation obligations on states outside the Non-Proliferation Treaty (NPT);
it will reduce discrimination within the non-proliferation regime; it will introduce

verification measures in states that are not currently subjected to full-scope safeguards, e.g. nuclear-
weapon states (NWS) and states outside the NPT (SON), thereby further reducing proliferation
dangers; and it will give a push to other initiatives aimed at similar goals, especially international
collaboration on the security of fissile materials and nuclear disarmament.

While the benefits are clear and indisputable, there is less concordance on the shape that a
FMCT verification regime will take. Many verification scenarios are possible, ranging from just a
fence around former military production facilities to completely new global concepts. Verification
must cover not only non-production but also non-diversion of (at least) civilian materials produced
after entry into force. No material must be diverted for use in nuclear weapons, a commitment to be
undertaken equally by all signatories of a FMCT. This is already being verified in non-nuclear-weapon
states (NNWS) under full-scope safeguards. The difference under a FMCT verification regime would
be that NNWS would not be allowed to possess unsafeguarded materials from earlier production,
while NWS and SON would be allowed a �black box� of previously excluded materials.

It is not clear whether the scope of the treaty will cover only the future production of weapon-
usable materials or if it will also include previously produced materials. Even if the scope is very
limited, e.g. only a ban on future production, it must be ensured that material produced in the
future is not falsely declared as earlier production. If civilian material were to be left out, it could
eventually be declared as earlier production and diverted to military use. Therefore, all civilian and
military materials produced after entry into force would need to be put under safeguards.

But why should the NPT and the FMCT have different verification standards when their
verification tasks are almost the same? It can be argued that as long as a NWS has not disarmed
down to zero, some warheads more or less do not make much difference. Additionally, as long as
the black boxes of the NWS are not empty, it makes less of a difference if small diversions go
undetected. However, the goal of verification is the deterrence of non-compliance through creation
of a sufficiently high detection risk. Even in NNWS, there will always remain a low probability that
non-compliance could remain undetected, and this probability is determined by a balance between
trust and technical verification efforts and costs. The higher the trust, the lower the detection
probability that can be tolerated. In relation to the NPT, the trust among the NNWS is not high
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enough for them to renounce full-scope safeguards or to lower standards. With this in mind, why
should NWS be more trusted not to divert fissile materials for
nuclear explosive purposes than NNWS? A provocative variant
of this question is: who can be more trusted, those who have
renounced nuclear weapons or those who continue to
maintain nuclear arsenals and huge quantities of
unsafeguarded weapon materials? This is not just a question
of technical feasibility but, more principally, of the importance
of treaty compliance. A FMCT would be discriminatory if there

were two different classes of states parties who were granted two different degrees of trust. But we
should keep in mind that the current non-proliferation regime is discriminatory, and the reduction
of discrimination can only be achieved in steps, not all at once.

The NWS have difficulty accepting full-scope safeguards on their entire civilian and converted
fuel cycles for several reasons. Firstly, conservative inertia drives decision-makers towards viewing
nuclear policies as exclusively national matters. Accepting full-scope safeguards is therefore a severe
blow to national sovereignty. Secondly, installing a verification system is indeed a technical challenge.1
Most production plants in NWS, especially from the early years, were not designed with safeguards.
Neither did bookkeeping have the same priority as in NNWS because there was never the need for
international justification. It is much more difficult to implement verification post-construction than
at the time a facility is designed and built. Therefore, it is not surprising that many analysts from
NWS envisage a progressive, step-by-step approach to verification.2

South Africa is the only case in history where a state possessing nuclear weapons converted to
a NNWS and implemented comprehensive safeguards. The safeguards implementation was a success,
but it also revealed technical challenges different than those known from previous safeguarding
efforts.3  As a second example, Britain brought a large reprocessing plant (B205) under Euratom
safeguards some twenty years after it was designed. Although the safeguards applied there might not
meet IAEA criteria, Euratom is satisfied that it can verify non-diversion from the plant. An interesting
future study would be on how the United Kingdom brought B205 under safeguards.4

The Nuclear Fuel Cycle and Existing Safeguards

IAEA safeguards are a verification system within nuclear non-proliferation policy, the NPT and
the Treaty of Tlatelolco to ensure that no nuclear material is diverted for use in nuclear weapons or
other nuclear explosive devices. A state aiming at clandestine acquisition of direct-use nuclear material
has several procurement strategies:5

• reusing already shut-down facilities;

• pursuing additional undeclared operations in operating declared facilities;

• diverting materials from declared inventories; or

• using clandestine undeclared production facilities.

Safeguards must be designed in a way that they are capable of detecting any of these operations
with a sufficient probability. The basic objective of INFCIRC/153-type safeguards (those verifying the
compliance of NNWS with the NPT) was �the timely detection of diversion of significant quantities
of nuclear material from peaceful nuclear activities to the manufacture of nuclear weapons or for
other nuclear explosive devices or for purposes unknown�,6  i.e. the third procurement strategy.

In relation to the NPT, the trust
among the NNWS is not high enough for
them to renounce full-scope safeguards or
to lower standards. With this in mind, why
should NWS be more trusted not to divert
fissile materials for nuclear explosive
purposes than NNWS?
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Feed material (e.g. natural, depleted or low enriched uranium) and an enrichment facility are
necessary to produce highly enriched uranium (HEU). Spent fuel and reprocessing technology are
required for plutonium production. Therefore, the most proliferation relevant elements of the nuclear
fuel cycle are enrichment and reprocessing. However, safeguarding only enrichment and reprocessing
would leave too many loopholes, and therefore full-scope safeguards cover not only plutonium and
HEU production facilities but also all other elements of the nuclear fuel cycle and nuclear reactors
without exception � the respective intrusiveness depending on the technical hurdles to acquire
direct-use material. In contrast, INFCIRC/66-type safeguards were designed to apply to individual
shipments of plants and materials to SON. At a facility, the two types of safeguards often consist of
similar control measures. However, large loopholes remain as long as the underlying verification
approach does not cover systematically the entire fuel cycle. Safeguards agreements between NWS
and the IAEA apply only to individual facilities, and there is always the legal possibility for a NWS to
withdraw a facility from controls.

The number of facilities in NWS currently subjected to voluntary IAEA safeguards is small for
three reasons:

• limited funds;

• not much sense had been seen in verifying non-diversion in states that are legally allowed to
produce undeclared and military nuclear materials; and

• in these states, the assumption still prevails that their nuclear production is only a matter of
national, not international, concern.

The obligation of NNWS to not divert nuclear materials for weapon purposes is already being
verified by the IAEA. The agreements between the IAEA and the inspected state are based on a
model agreement, INFCIRC/153.7  It sets the principal requirements for full-scope safeguards. Full-
scope safeguards are applied in all nuclear facilities, including
normal power reactors. Yet recent experiences in Iraq, a NNWS
according to the NPT, have demonstrated that even this is
unsatisfactory. Iraq�s proliferation has demonstrated that the
objective of only detecting fissile material diversion is not enough,
and has led to more emphasis on the additional goal of detecting
clandestine acquisition activities. This has resulted in the IAEA�s
Strengthened Safeguards System (S3), formerly called 93 + 2.

S3 goes beyond previous safeguards, with the additional goal
of detecting undeclared production and even preparation for
production. S3 detection methods depend on the task and include: seals; monitors; special activity
surveillance; design verification; independent measurements of inventories; various material
accountancy measures; ad hoc, routine and special inspections; environmental sampling; remote
monitoring; and inspector deployment. Now both nuclear materials and non-nuclear elements of
the fuel cycle and R&D are affected by control or reporting measures. These measures are aimed at
both the receiving and supplying ends of the technology transfer chain. Table 1 gives an overview
of the most important fuel cycle elements, their significance for the acquisition of direct-use material,
and the current status of IAEA safeguards.

The principle of universality is an important prerequisite for the success of the S3 reform. It is
logical that a similar verification system would be appropriate and necessary for effective FMCT
verification. The IAEA sees itself as the appropriate agency for the verification of a FMCT.8

Iraq�s proliferation has
demonstrated that the objective of only
detecting fissile material diversion is
not enough, and has led to more
emphasis on the additional goal of
detecting clandestine acquisition
activities. This has resulted in the IAEA�s
Strengthened Safeguards System (S3),
formerly called 93 + 2.



FISSILE MATERIALS: SCOPE, STOCKS AND VERIFICATION

48

two • 1999

Table 1. Overview of the most important nuclear fuel cycle elements, their
proliferation relevance and IAEA safeguards
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Control and Detection of Direct-Use Material Production

Although IAEA safeguards cover the whole nuclear fuel cycle and the author believes that the
same should be done in a FMCT, a closer look specifically at the production of direct-use materials
is useful. In all likelihood, the NWS will start the FMCT negotiations with the position of limiting
verification to direct-use material production.

The specific technological requirements of verification depend on the characteristics of the
technical production process. HEU is produced through enrichment and plutonium through
reprocessing. While there are some specific differences, the two processes have a lot in common.9
Both techniques process nuclear materials flowing through a succession of stages. Diversion could
take place at many locations, and verification must be able to detect it. Both processes also leak
detectable characteristic traces of nuclear isotopes. Verification that a facility which has been declared
�shut down� is truly closed or detection of clandestine activities makes use of this fact.

URANIUM

There are several methods of HEU production.10  The most common technologies are gaseous
diffusion and centrifuge enrichment. The former is the most common method in the United States,
the latter in Europe. Other methods are aerodynamic enrichment, for example the jet nozzle and
helicon processes that were used by South Africa, electromagnetic separation (EMIS) that has been
used by Iraq, and chemical isotope separation, which has only reached the stage of pilot plants in
France and Japan. A new enrichment technology expected to be applied commercially in a few
years is atomic vapour laser isotope separation (AVLIS). A test facility is running in the United States,
and France�s efforts are in the development stage.11  In South Africa, R&D on a similar technology,
molecular isotope separation (MLIS), is underway in cooperation with the French company Cogema.12

Another technical variation is chemical reaction by selective laser activation.

The basic safeguards approach for uranium is material accountancy that verifies the report of
a national system, the so-called State�s System of Accounting for and Control (SSAC) of nuclear
material, supplemented by containment and surveillance techniques. Analyzing samples of the various
material streams is another routine safeguards measure
in enrichment plants. Measuring equipment is installed
at various points to check the isotopic composition of
the streams. In plants not originally subjected to
safeguards, such as former military production plants
and other civilian plants in NWS and in the SON, such
equipment must be installed. S3 has also implemented
the option of taking environmental samples to ensure
that no additional undeclared HEU production has
occurred. However, this method works only in LEU
facilities where HEU has never been produced, since it would cause false alarms in former military
facilities that have been converted to LEU production.

Noteworthy is the Hexapartite Enrichment Project (HSP), whereby six countries (Germany,
Netherlands, Japan, the United States, the United Kingdom and Australia) agreed to place all civil
centrifuge plants under permanent IAEA safeguards. Initiated in 1989, the HSP was concerned
primarily with devising a safeguards strategy to cover the new gas centrifuge enrichment facilities

S3 has also implemented the option of taking
environmental samples to ensure that no
additional undeclared HEU production has
occurred. However, this method works only in
LEU facilities where HEU has never been
produced, since it would cause false alarms in
former military facilities that have been
converted to LEU production.
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that began springing up in Western Europe and Japan during the 1970s. This project also entailed
the development of special verification techniques that enabled the implementation of satisfactory
measures and an agreement between the IAEA and Euratom.13  One interesting option would be to
widen this agreement to include the Russian Federation and China.14

PLUTONIUM15

Plutonium does not occur naturally, rather it is produced in nuclear reactors. Spent fuel contains
plutonium, highly radioactive fission products and their decay products, and unaffected uranium.
Plutonium can be separated from spent fuel by a chemical means called reprocessing. Similar to
enrichment plants, the basic safeguards approach at reprocessing plans is material accountancy that
verifies the report of the SSAC, supplemented by containment and surveillance techniques.16  Flows
are checked at predetermined locations known as �key measurement points�, and samples can be
taken from various other areas.

In NNWS, safeguards implementation is taken into account at the planning stage of a plant,
and design verification can take place during construction. This makes it much more difficult to
pursue a path of unmonitored diversion. Adding safeguards at a civilian reprocessing plant not
formerly under safeguards is difficult but not impossible. The first step of safeguards implementation
is a thorough design analysis and a reconstruction of operation history. Verification that shut-down
facilities remain so is comparably easy through on-site inspections with the use of technical methods.
An additional verification task is the detection of undeclared production facilities.

General Limits

Although verification never can be 100% certain, a large detection risk implies deterrence. It is
enhanced by national technical means (NTM). For this reason, it is planned within S3 to grant the
IAEA greater access to intelligence information. In relation to a FMCT, NTM can be implemented
independently from the IAEA, as in several other arms control treaties.

Reprocessing and enrichment do not only require plants but also spent fuel or feed uranium.
Verification of a FMCT would be much more reliable if the other elements of the nuclear fuel cycle
were included in a safeguards regime, as currently is the case in NNWS. For example, safeguarding
spent fuel is far simpler than safeguarding a reprocessing plant, because it consists of discrete items
that can be counted and verified with uncomplicated measurement methods.

Different Degrees of Intrusiveness and their Costs

The IAEA has worked out several potential FMCT verification scenarios.17  The first is
comprehensive safeguards similar to those in NNWS including the measures contained within the
Additional Protocol (INFCIRC/540), because �verification arrangements to anything less than a State�s
entire fuel cycle could not give the same level of assurance� of compliance.18  Only a black box of
previously excluded materials would be left out. The second scenario constrains the technical objective
of verification to the provision that all production facilities of direct-use material are either shut
down or converted to civilian use and subject to safeguards. This scenario is subdivided into three
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alternatives with various degrees of intrusiveness and varying cost estimates. A substantial period of
time would be required for the implementation of any one of these scenarios, with different timelines
for different participants. A prerequisite would be that SSACs in the NWS and the SON meet
international standards. However, these do not exist everywhere and need extra time and effort to
be built up.

The total costs of a comprehensive verification system is
estimated in the range of $140 million. The least intrusive
alternative is estimated to cost about $40 million. This should be
compared to the expenditure of $67.5 million by the IAEA�s
Department of Safeguards (1993 figure). Therefore the IAEA budget
for safeguards must be about tripled in case of universal, full-scope
safeguards. Sometimes NWS use the cost argument to oppose plans
for universal coverage. On the other hand, the prospect of investing
in safeguards may appeal to NWS, particularly because of the
benefits that would accrue.19  Judgements on costs are determined by priorities. For example, the
United States has allocated several billion dollars for the maintenance of the Nevada test site in the
context of negotiating and signing the CTBT, which far exceeds the amount the international
community would annually spend on universal, full-scope safeguards.

Specific Verification Challenges

NAVAL FUEL

Reactors for naval propulsion are frequently fuelled with HEU because such reactor cores can
be made especially small. Reactor fuel can be either military or civilian. NNWS are allowed to
possess military HEU for non-explosive purposes without safeguards as long as it is not used for
nuclear explosives, although this has not happened so far. In INFCIRC/153 (§14b), it is foreseen that
verification of fuel is waived as long as the nuclear material is in a �non-proscribed military activity�.

In case the scope of the FMCT covers only material produced after entry into force, it must be
clarified whether or not unverified production of HEU or other fuel for military naval reactors will be
banned. If allowed, the FMCT would contain an unacceptable loophole. It would be better to ban
unverified HEU production altogether. This is likely to be agreeable to all participants because large
stocks of HEU already exist that can be used as naval fuel. In case the scope of the FMCT requires
placing all or some existing material under safeguards, special provisions must be found for naval
fuel.

In principle, HEU is not always necessary for naval reactors because they can also be driven
with LEU, similar to civilian research reactors. Because of proliferation concerns, most research
reactors worldwide have been converted to non-weapon-usable fuel. It is likely that a similar
conversion is also possible for submarines.

TRITIUM

Tritium is contained in all modern nuclear warheads. Since it does not occur in nature except

The total costs of a
comprehensive verification system is
estimated in the range of
$140 million. The least intrusive
alternative is estimated to cost about
$40 million. This should be compared
to the expenditure of $67.5 million
by the IAEA�s Department of
Safeguards (1993 figure).
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in unretrievable traces, it must be produced artificially.20  Its production gives rise to a difficulty
because it might be confused with plutonium production. It is not possible to renounce the use of

tritium for warheads, since this would require new warhead designs
and the need for nuclear testing that is banned by the CTBT. Because
tritium is a radioactive isotope of hydrogen with a half-life of about
twelve years, nuclear disarmament does not abolish the need for
new production, it only delays it. More precisely, each reduction
of nuclear warheads by half would delay the need for new tritium
for another twelve years.21  A ban on military tritium production is
therefore not acceptable to the NWS unless accompanied by
comprehensive nuclear disarmament. Tritium is also used for several
civilian applications, including scientific civilian fusion research.
The wording of the FMCT negotiation mandate limits its scope to

only fissile material, and excludes fusion material such as tritium.

The most efficient and cost-effective tritium production method is by placing lithium in nuclear
reactors. This procedure has been used by all NWS and it is the most probable method to be used
in future. However, it is also the one that is the most likely to be mistaken for plutonium production.
While exempting tritium production reactors from verification would weaken the treaty, a provision
that allows states to withdraw military tritium production facilities is likely to be raised in negotiations.
Again, this would create a big loophole. The IAEA agrees. Depending on whether or not naval fuel
and tritium production facilities are placed under safeguards, the �level of assurance against the
diversion of fissile material from amounts produced for such non-explosive uses permitted by the
treaty could be high or low.�22

DUAL-USE AND MILITARY FACILITIES

There is some reluctance to submit military facilities to extremely intrusive verification because
sensitive information could be revealed. Sensitive facilities include former military production sites,
maintenance facilities still in use, or dismantlement facilities for nuclear warheads. While closed
facilities do not pose problems for verification, verification in maintenance and dismantlement facilities
is unlikely to be acceptable to NWS. Additionally, the SON probably have facilities that raise similar
problems. Examples of sensitive information include the following:

• The isotopic composition of nuclear materials. The Russian Federation is especially reluctant
to reveal the exact isotopic composition of its weapon-grade HEU or plutonium.23  It cannot
be excluded that inspections and measurements on former military sites could find traces of
weapon materials, even if their source had been removed prior to the start of inspections.

• The amount of material needed for a single warhead. It is also possible that at such sites
material pieces or tools could be found that reveal the size of nuclear weapon pits. Such
information is still regarded as sensitive, even after the end of the Cold War. An urgent task at
such a facility is therefore the removal of these parts and tools as soon as possible in order to
prepare it for the start of safeguards. This work, if necessary, is urgent anyway in order to
minimize proliferation dangers.

• Warhead design information. In case a fissile material production facility or storage site is co-
located with a warhead factory, machinery for pit fabrication and conventional explosive
ignition technology could be around. This is believed to be the case at some Russian facilities.

Because tritium is a radioactive
isotope of hydrogen with a half-life of
about twelve years, nuclear
disarmament does not abolish the
need for new production, it only
delays it. More precisely, each
reduction of nuclear warheads by half
would delay the need for new tritium
for another twelve years.
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This kind of information is highly sensitive and therefore must be protected. An urgent task for
the owning state is the physical separation of fissile material production, storage sites (at least
those for future civilian material) and weapon manufacture sites, in order to prepare for
future inspections. In case such different facilities are co-located very closely, special
arrangements will be necessary to protect the sensitive areas. Also transport to and from such
special buildings must be exempted.

Implementing MC&A and SSACs

As previously mentioned, most plants in the United States, the Russian Federation, China and
in the SON were not designed with safeguards in mind. Therefore, infrastructure for the installation
of control equipment might be lacking. Before a SSAC can work effectively, technical material control
and accountancy (MC&A) at the facilities must be implemented. Improvements are necessary and
underway independent of the cut-off, at least in the Russian Federation, in the context of the various
international collaborative projects for the improvement of nuclear security. A similar though smaller
effort was necessary for the implementation of full-scope safeguards in South Africa.

Steps that must be taken in order to create a SSAC that is compatible with IAEA standards
include: implementing regulations containing technical, organizational and reporting requirements
for MC&A; implementing the interaction between the MC&A in a facility and the SSAC; installing
measurement systems at facilities; preparing the initial technical physical inventory and implementing
the according regulations; training personnel; and moving from the old to the new system. There
are many problems that must be overcome, both of a financial and an organizational nature. In
most NWS and SON, different authorities are responsible for the control of the military and civilian
nuclear cycles. These states might anticipate problems in the transition of material and facilities from
military to civilian use. It is recommended that they collaborate to solve such challenges.

Time will be necessary after entry into force for implementation
of verification. However, it is strongly encouraged that such time be
specified. Vague treaty language, like �as soon as practicable�, could
delay success indefinitely. It would be advisable to negotiate a timetable
for specific steps, perhaps combined with technical collaboration
programmes among states, the IAEA, Euratom or other SSAC agencies.

A Universal Verification System?

An effective and non-discriminatory FMCT will need universal, full-scope safeguards. However,
there are several political and technical hurdles. Paving the way for universal acceptance within the
NWS and SON is a political problem and will take time, implementing material accountancy systems
in these countries is a technical problem and will take time and money, implementing the safeguards
is also a technical problem and will take more time and even more money.

In the long term, it will be necessary to work on fundamental reforms, moving towards a
universal system without distinction between NWS and NNWS. Such a future system will be different,
characterized by a new safeguards culture based more on technical and political judgement than on
the current ad hoc and often political arrangements. This reform will have to encompass several
areas: finances, organization, decision-making, effectiveness, concern about non-compliance, as

Time will be necessary after
entry into force for implementation
of verification. However, it is
strongly encouraged that such time
be specified. Vague treaty language,
like �as soon as practicable�, could
delay success indefinitely.
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well as underlying principles. A reform will be necessary even without a FMCT because of the
various non-proliferation and disarmament problems that need new solutions. Verification activities
are already underway and more will come, starting with the implementation of S3 and safeguards on
declared excess weapon materials. A new global approach could potentially lay the basis for a future
nuclear-weapon-free world. To quote William Walker, �the regulatory situation in all countries,
including the NWS, should be approached as if the world is preparing for total nuclear disarmament,
whether or not that is a desirable or realistic prospect�.24
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remains classified.

24. D. Albright, F. Berkhout and W. Walker, ibid.; see Chapter 15, The control and disposition of fissile materials:
the new policy agenda.
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I AEA Safeguards Agreements are in force in every state known to have nuclear activities.
Three types of Safeguards Agreements have evolved, and they differ in the undertakings
accepted by states and in the obligations and scope of IAEA verification activities. To some

extent, the verification arrangements adopted in a treaty banning the production of fissile material
for use in nuclear weapons or other nuclear explosive devices (the �Cut-Off Treaty�, in this article),
will affect � and be affected by � existing control systems that also focus on the production and
use of fissile materials, chief among them IAEA safeguards. In particular, differences in the scope of
coverage, the verification objectives, the measures and technology applied, and the evaluation
methods and reporting may arise. As negotiation of a Cut-Off Treaty proceeds, it is important that
efforts to rationalize overlapping requirements and implementation assure that IAEA safeguards and
the Cut-Off verification systems are mutually complementary, and that the final outcome assures
that the totality of verification undertakings is effective and efficient.

IAEA safeguards are in transition and the changes coming about may complicate that
rationalization. The strengthened safeguards system will improve the ability to detect undeclared
production of fissile materials on the one hand, but the legal provisions and the methods to be
applied will require several years for full implementation.

In May of 1997, the IAEA Board of Governors adopted a model for a protocol to extend the
provisions of existing safeguards agreements to strengthen the ability of IAEA safeguards to detect
the undeclared production of fissile material. As additional states complete their constitutional
ratification requirements for the Additional Protocol, steps are underway to change IAEA safeguards
by integrating newly provided rights for increased access to information, increased inspection access
and the use of new technologies to improve the effectiveness and efficiency of safeguards, with the
verification arrangements embodied in the original safeguards system. The resulting strengthened
safeguards system will, in the course of the next few years, be capable of responding effectively to
any plausible proliferation threat. The assurances gained concerning the absence of clandestine
fissile material production facilities within states may provide a justification for reducing requirements
for certain current inspection activities, with resulting cost-savings.

Thomas E. Shea is Senior Officer in the Office of the Deputy Director General of the Department of Safeguards
of the IAEA, assigned to provide technical support to the Conference on Disarmament, as may be requested in
relation to the negotiation of a treaty banning the production of fissile material for use in nuclear weapons or other
nuclear explosives.

Reconciling IAEA Safeguards Requirements in a Treaty
Banning the Production of Fissile Material for Use in
Nuclear Weapons or other Nuclear Explosive Devices

Thomas E. SHEA
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Fissile Material vs. Nuclear Material

The term �fissile material� is not actually used in implementing IAEA safeguards agreements.
Rather, IAEA safeguards are applied to �nuclear material� � any source or special fissionable material1

as defined in Article XX of the IAEA Statute. Special fissionable
material is defined as: �plutonium-239; uranium-233; uranium
enriched in the isotopes 235 or 233; any material containing any
of the foregoing; and such other fissionable material as the Board
of Governors shall from time to time determine.� The term source
material is defined in the IAEA Statute as �uranium containing the
mixture of isotopes occurring in nature; uranium depleted in the
isotope 235; thorium; any of the foregoing in the form of metal,
alloy, chemical compound, or concentrate; any other material

containing one or more of the foregoing in such concentration as the Board of Governors shall from
time to time determine; and such other material as the Board of Governors shall from time to time
determine.�

In IAEA safeguards, �nuclear material� is further categorized into �direct-use nuclear material�
that could be used in the manufacture of nuclear weapons or other nuclear explosives without
reprocessing or further enrichment, and �indirect-use nuclear material� that would require irradiation
or enrichment to make it suitable for use in nuclear weapons. For the purposes of IAEA safeguards,
direct-use nuclear materials are: plutonium except that containing 80% or more of the isotope
plutonium-238, uranium containing 20% or more of the isotope uranium-235, and uranium-233.
�Separated direct-use nuclear materials� are those direct-use nuclear materials that have been
separated from fission products and thus the processing that would be required for their use in
nuclear weapons is substantially less and the times required substantially shorter than if mixed with
highly radioactive fission products. The definition of fissile material to be included in the Cut-Off
Treaty may be close to this definition of separated direct-use nuclear material. Differences in these
basic definitions could complicate the obligations as well as actions required of states and the
implementation of IAEA safeguards and Cut-Off verification.

Different Types of IAEA Safeguards Agreements and Arrangements

IAEA safeguards are applied under different types of agreements and arrangements and the
scope, objectives, measures, technology, evaluations and reporting employed may vary.2

At present, 183 states have undertaken in treaty commitments not to develop or otherwise
acquire nuclear weapons or other nuclear explosives. Such states accept �Comprehensive IAEA
Safeguards Agreements� (CSAs) to demonstrate their non-proliferation bona fides.

Four of the remaining nine states have or plan nuclear activities. Cuba has two partially completed
facilities subject to IAEA safeguards. There are no known nuclear materials in Cuba. In the three
remaining states with nuclear activities (India, Israel and Pakistan), IAEA safeguards are applied at
specific facilities to the facilities themselves or to certain equipment, nuclear material or other material
(such as heavy water).

The five remaining states with nuclear activities are nuclear-weapon states (NWS) parties to the
Treaty for the Non-Proliferation of Nuclear Weapons (NPT) and all five have in force Voluntary Offer
Safeguards Agreements on certain of their nuclear facilities and materials.

The term �fissile material� is not
actually used in implementing IAEA
safeguards agreements. Rather, IAEA
safeguards are applied to �nuclear
material� � any source or special
fissionable material  as defined in
Article XX of the IAEA Statute.
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In addition to these different types of safeguards agreements, three additional safeguards
arrangements are noteworthy.

SAFEGUARDS IN CSA STATES3

IAEA safeguards are said to be the cornerstone of the international non-proliferation regime, and
CSAs are the cornerstone of IAEA safeguards. CSAs obligate states to submit all nuclear material to
IAEA safeguards and obligate the IAEA to apply safeguards to all nuclear materials submitted by states
pursuant to those CSAs. The scope of IAEA safeguards in states pledging not to develop or otherwise
acquire nuclear weapons includes what is understood to be �fissile material�, together with nuclear
materials other than fissile material. Under CSAs, IAEA safeguards focus on the state and proliferation-
related activities that the state itself might direct or carry out if that state � with all of its available
resources � were to seek to develop or otherwise acquire nuclear materials for use in a nuclear
weapons programme. Thus, CSA verification activities address possibilities involving both declared
nuclear activities and undeclared activities; they are intended to confirm that all nuclear materials are
submitted to safeguards and remain committed to peaceful use.

Two verification objectives guide the implementation of IAEA safeguards under CSAs:

• to detect the diversion of significant quantities of nuclear material declared by the state from
peaceful use to the manufacture of nuclear weapons or other nuclear explosives, or for any
other purpose; and

• to verify the correctness and completeness of the declarations made by states, including the
objective to detect undeclared production of fissile materials anywhere on the territory of the
state or under its control.

In that CSAs are intended to provide assurance of non-proliferation, the safeguards system for
CSAs is designed to alert the international community before a state could acquire its first nuclear
weapon. This non-proliferation focus has led to requirements that include not only fissile materials,
but the materials from which fissile materials are produced: the safeguards applied to low enriched
uranium (LEU), natural and depleted uranium and thorium in CSAs provide additional opportunities
for detecting actions that might be taken by a state intent on acquiring nuclear weapons or other
nuclear explosives. (The only nuclear materials that are not subject to inspection in CSA states are
the small amounts that are permitted to be exempted from safeguards, practicably irrecoverable
nuclear materials on which safeguards have been terminated, and nuclear materials designated for
non-proscribed military applications on which safeguards are not required.)4

Measures Related to Verification at Declared Facilities in CSAs

Over the years, the standard criteria have been adopted to guide the implementation of safeguards
at declared facilities, affecting the extent and quality of information to be provided by states, design
information verification activities, the safeguards approach to be applied at the facility to satisfy safeguards
goals, and specific requirements related to inspection frequencies, inspection activities and the outcome
of those activities. For plutonium and for uranium-233, an amount of 8kg is considered adequate for
a state to produce its first nuclear weapon, taking into account process losses and the need to be
conservative in the design, absent the benefit of nuclear tests. For high enriched uranium (HEU), an
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amount of 25kg of the isotope uranium-235 is similarly considered adequate. Depending on the form
and purity of the materials, the times estimated as necessary for a state to complete the fabrication of
its first nuclear weapon once these materials are available ranges from as low as seven to ten days for
pure metal, to as long as three months when reprocessing is required, or one month if enrichment is
required. For these materials, for LEU, natural and depleted uranium, and for thorium, the minimum
time required for irradiation and reprocessing is estimated to be one year. These criteria reflect the
non-proliferation objective for CSAs, establishing fixed quantity definitions to verification parameters
that serve as the basis for planning and evaluating IAEA safeguards.

The structure and content of CSAs and the infrastructure for implementing safeguards may affect
Cut-Off Treaty verification not only in CSAs, but may also be of interest in other states as well. Below
the level of the Agreements, subsidiary arrangements are concluded as part of the legal framework
under which the safeguards are implemented. Subsidiary arrangements include a General Part and a
Facility Attachment for each facility identified. The General Parts of the Subsidiary Arrangements are
standardized to the extent possible, and while the Facility Attachments for different types of facilities
begin with �models�, substantial adaptations are often required to accommodate the specific
characteristics of individual facilities. Facility Attachments relate specific obligations and inspection rights
applicable at individual facilities to specific paragraphs in the Safeguards Agreement with a state.

Under CSAs, a �State system of accounting for and control of its nuclear material� (referred to as
a SSAC) must be created to be responsible for implementing effective accountancy arrangements and
to control imports and exports. States must make extensive declarations regarding their past, present
and future nuclear activities at safeguarded facilities and report at specified periods on their nuclear
material inventories and flows. When a CSA first enters into force, the initial inventory declaration is
investigated closely to assure that it is complete and accurate. Subsequently, in relation to each facility
a state declares, the state is required to carry out material balances annually and to report material
unaccounted for on the basis of a measured physical inventory and measured inventory changes.
Those state declarations are verified by the IAEA to assure that they are complete and accurate, and
that declared nuclear materials are not diverted to the manufacture of nuclear weapons or other
nuclear explosive devices.

Measures Related to Clandestine Fissile Material Production Under CSAs

The discovery of an extensive clandestine nuclear weapons programme in Iraq, an NPT state
subject to a CSA, gave evidence to the fact that a safeguards system that concentrated on verifying
declared activities was inadequate. In strengthening the safeguards system, the IAEA Board of Governors

recognized that to address the possibility of clandestine
operations, some provision for access had to be provided to
locations anywhere within the territory of a CSA state or under
its control. Similar needs were included in the verification
provisions of the Chemical Weapons Convention and the
Comprehensive Nuclear-Test-Ban Treaty (CTBT). While the
principal focus of INFCIRC/153 is on declared facilities and nuclear

materials, INFCIRC/153 includes provisions for special inspections that could be requested by the IAEA
anywhere on the territory of the state. However, as became evident in the case of the Democratic
People�s Republic of Korea (DPRK), the request for a special inspection has not been accepted. The
Additional Protocol to the CSA, based on INFCIRC/540,5  was created to extend the reach of INFCIRC/
153 Agreements, providing the additional information, access and technology required for IAEA

The discovery of an extensive
clandestine nuclear weapons programme
in Iraq, an NPT state subject to a CSA, gave
evidence to the fact that a safeguards
system that concentrated on verifying
declared activities was inadequate.
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Safeguards to address all plausible means through which a state party to a CSA might proceed if it were
to decide to violate its undertakings and attempt to acquire nuclear weapons.

The provisions of INFCIRC/540 allow the IAEA to require information on states� nuclear
programmes including research and development, facilities that never operated or were
decommissioned, and activities relating to the manufacture or import of equipment that could be
used to produce or purify fissile materials. It allows for complementary access to resolve questions
pertaining to activities or materials, including managed access to sensitive locations. Integrating the
assurances regarding possible clandestine facilities or undeclared operations in declared facilities
provided through the Additional Protocol will allow the IAEA to adapt the verification requirements
at declared installations. Integrated safeguards under CSAs together with Additional Protocols are
intended to use country profiles as a means to differentiate between the verification activities needed
without discriminating among states.

The strengthened safeguards system will include verification activities from the basic CSA together
with new verification possibilities provided by the Additional Protocol. The mechanisms for
accomplishing that integration are being developed, and implementation will likely proceed in stages,
addressing states with limited nuclear operations and building on experience before advancing to
increasingly complex situations.

The goal is to conclude Additional Protocols in all states having made non-proliferation
commitments by 2000, i.e. all CSA states. At each of the four annual meetings of the IAEA Board of
Governors, a number of Additional Protocols are put forward for authorization for signing, and the
total number of states is changing too rapidly to make including a table meaningful. In considering
the relevance of IAEA Safeguards to Cut-Off Treaty verification in states pledging in one or more
treaties not to acquire nuclear weapons, whether or not an Additional Protocol is in force should be
an important consideration.

IAEA SAFEGUARDS IN OTHER STATES WITH OR PLANNING NUCLEAR ACTIVITIES

IAEA safeguards implementation in Cuba, India, Israel and Pakistan are applied under Safeguards
Agreements that were established as conditions for exports to those states of research or power
reactors, or components thereof, or nuclear fuel or heavy water. These agreements stipulate that
any fissile material created through irradiation in those reactors is also subject to safeguards, and any
plant processing or using that fissile material will be subject to safeguards as long as that safeguarded
fissile material is in the facility. Note that while the safeguards verification requirements at a given
type of facility generally follow the requirements established in CSAs, specific differences may arise
from the fact that the facility itself or equipment or material may be subject to safeguards, and the
safeguards agreement may include provisions that reflect the selective nature of such safeguards
agreements � especially provisions for substitution.

Of the safeguards applications in this category, the most germane to a Cut-Off Treaty might be
the PREFRE Reprocessing Plant in India which is subject to IAEA safeguards when it reprocesses
spent fuel that is under safeguards; plutonium recovered at PREFRE has been subject to safeguards
through MOX manufacturing; and the fuel assemblies remain subject to safeguards through and
following irradiation at the Tarapur Atomic Power Station boiling water reactors. The provisions of
the applicable safeguards agreements allow for substitution, and in this case, plutonium not subject
to safeguards was substituted for the safeguarded plutonium during MOX fuel manufacturing. When
the assemblies were completed, the plutonium content was measured and the amounts contained
were returned to safeguards.
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Note that the Additional Protocol is applicable to all states, including states subject to safeguards
agreements based upon INFCIRC/66.6

SAFEGUARDS IMPLEMENTATION IN NWS PARTIES TO THE NPT

As NWS of the NPT, France, the People�s Republic of China, the Russian Federation, the
United Kingdom and the United States have entered into limited scope voluntary offer safeguards
agreements (VOAs) modelled on CSAs. These VOA agreements place no obligation on the state in
relation to the nuclear materials to be subject to safeguards and they permit the state to withdraw
nuclear materials and to remove facilities from the list designated by the state which the Agency can
select for the purposes of safeguards implementation. Moreover, there is no obligation on the Agency
to carry out safeguards at facilities designated by the state.

The provisions of the VOAs allow many more opportunities for verification than can be
implemented under the funding provided. The IAEA budget has remained at zero-growth for more
than ten years now, even as additional mandatory verification activities arose in South Africa, Argentina

and Brazil, and in the newly independent states of the former Soviet
Union. As budget restrictions limit the activities that the Agency can
carry out, safeguards implementation in these states is an early
casualty. Note that when safeguards are applied at a facility in one
NWS party to the NPT under a VOA, the same requirements apply
as if the facility were in a CSA state.

At present, the most germane application of IAEA safeguards
to a Cut-Off Treaty is at enrichment plants in China and the United
Kingdom.

All nuclear facilities in France and the United Kingdom, except
those dedicated to nuclear weapon programmes and naval reactor
programmes are subject to Euratom safeguards under the provisions

of the Treaty of Rome. Euratom is seen as a regional control authority and a partnership arrangement
has evolved where both the IAEA and Euratom apply safeguards, primarily in non-nuclear-weapon
states (NNWS) of the European Union. The partnership arrangement was established to eliminate
unnecessary duplication of work, thereby reducing intrusion into normal plant operations and reducing
the costs to the IAEA and Euratom. The arrangements are implemented in such a manner that the
IAEA and Euratom are each able to derive independent conclusions, according to their respective
requirements. In France and the United Kingdom, the funding provided has not been adequate to
allow for the IAEA to apply safeguards except in limited situations. Euratom has gained extensive
experience in applying its verification measures in both states, and Euratom�s experience and existing
capabilities at reprocessing plants and at enrichment plants in France may affect and be affected by
verification under a Cut-Off Treaty.

Note that the Additional Protocol is applicable to all states, including NWS parties to the NPT. All
five NWS of the NPT have, or will soon have, signed Additional Protocols based on INFCIRC/540;
however, for the most part, the Protocols adopted by these states are intended to provide the IAEA
with additional information to assist the IAEA in detecting suspicious activities in other states. These
states have not adopted any obligation to cease production of fissile material and the VOAs including
the Additional Protocols may not be useful to meeting obligations under the Cut-Off Treaty in relation

The IAEA budget has remained at
zero-growth for more than ten years
now, even as additional mandatory
verification activities arose in South
Africa, Argentina and Brazil, and in the
newly independent states of the former
Soviet Union. As budget restrictions
limit the activities that the Agency can
carry out, safeguards implementation in
these states is an early casualty.



63

two • 1999Verification and transparency

to fissile material production in those states. However, the Protocols
in NWS parties to the NPT may affect or be affected by considerations
that might be included in the Cut-Off Treaty relating to exports of
equipment or materials that could assist other states in efforts to acquire
the capability to produce fissile material � including material or
equipment specifically designed for that purpose, or dual-use
equipment or material.

OTHER RELEVANT IAEA VERIFICATION ACTIVITIES

In addition to the normal range of safeguards implementation,
three additional areas of verification may be relevant to the Cut-Off
Treaty:

• The IAEA is carrying out extended verification measures in Iraq under the provisions of United
Nations Security Council resolution 687, including unrestricted access to locations of interest
and wide area environmental monitoring to detect clandestine production of fissile material.
The experience gained in this extreme situation may be of benefit in considering the access
provisions to be established under the Cut-Off Treaty � the rights granted and the difficulties
encountered;

• The IAEA is monitoring a freeze on operations in facilities in the DPRK in relation to an
Agreed Framework concluded between the United States and the DPRK, including monitoring
a freeze on operations at the reprocessing plant at Nyongbyon, which is being maintained at
operational stand-by. Again, the experience gained in relation to attempts to implement special
inspections may be of benefit in considering provisions for extraordinary inspections under a
Cut-Off Treaty; and

• The IAEA is participating with the Russian Federation and the United States in a Trilateral
Initiative to develop a verification system for excess defence fissile materials in those states,
including provisions for terminating verification of weapon-origin plutonium following
irradiation in nuclear power reactors to specified levels. Such provisions may also be relevant
if termination conditions are addressed for fissile materials subject to verification under a Cut-
Off Treaty.

Safeguards Measures and Technology Related to Reprocessing and Enrichment

As the scope and verification requirements for the Cut-Off Treaty are established, the relevance
of IAEA experience and existing requirements in states will enable detailed investigations to proceed
for specified types of facilities and for specific facilities as appropriate. Given the negotiation mandate,
it would appear that verification of reprocessing and enrichment operations will logically be required,
and thus a preliminary review of IAEA experience in applying safeguards at enrichment and
reprocessing plants may be useful.

The Protocols in NWS parties to
the NPT may affect or be affected by
considerations that might be included
in the Cut-Off Treaty relating to
exports of equipment or materials
that could assist other states in efforts
to acquire the capability to produce
fissile material � including material
or equipment specifically designed for
that purpose, or dual-use equipment
or material.
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DECLARED REPROCESSING PLANTS

The plutonium produced in nuclear reactors is separated from the uranium, fission products and
other actinides in reprocessing plants. With very few exceptions, all plutonium reprocessing plants
employ the same process technology, the Purex process. (Uranium-233 is produced in a similar manner
by irradiating thorium, and separated through a similar process; however, no uranium-233 reprocessing
plants are subject to IAEA safeguards.) Reprocessing plants require processing of intensely radioactive
materials and hence require remote processing within very substantial structures to contain the
radioactivity. These characteristics, together with difficulties inherent in measuring accurately the amounts
of plutonium (or uranium-233) at the starting point of the processing, make the application of safeguards
complex and more expensive than any other safeguards application.

Safeguards at reprocessing plants are designed to detect misuse of the facility (undeclared
reprocessing) and diversion from declared flows and inventories of plutonium and uranium. Meeting
safeguards verification requirements is most difficult in large operating plants, as the IAEA safeguards
goals are fixed in terms of amounts necessary for manufacturing one nuclear weapon, and as those
amounts become small in relation to the total amounts of nuclear material processed, the safeguards
approach must be expanded in scope and made increasingly intrusive in order to provide the
required assurances that the plants are not misused and that the nuclear materials are accurately
measured, declared and are not diverted. The technical problems are further complicated if the
plants operated before safeguards were applied, and if the plant instrumentation is incomplete or
unreliable. The safeguards literature is rich with information describing the technical means that
have been developed for reprocessing plants.

The safeguards approach for a reprocessing plant will depend on a range of considerations,
chief among which is its operational status. The following conditions may apply:

• continued reprocessing operation;

• operation for non-reprocessing purposes (e.g., removal of americium-241 from plutonium,
waste fractionation, etc.);

• stand-by (here the verification requirements depend very much on the length of time between
a notice of intent to resume operations and the actual resumption);

• decommissioning (here the safeguards approach is progressively simplified as the time and
effort required to resume operations increases with the destruction, entombment or removal
of key components); and

• decommissioned or abandoned. (The frequency with which periodic checks are required
depends on whether the buildings remain and, if so, if they remain in use; the methods may
entail periodic visits or satellite imagery analysis, depending on cost considerations.)

The cost and effort required can vary from almost no cost for decommissioned or abandoned
facilities up to continuous inspection with tens of millions of dollars of verification equipment.

IAEA safeguards at reprocessing plants begin with the examination of information required of
the state on relevant aspects of the design and construction of the facility, on its operation and on
the nuclear material accountancy system employed. Design information reviews are made early in
the consideration of the safeguards approach for a facility to determine whether the information is
sufficient and self-consistent. During construction, commissioning and thereafter during normal
operations, maintenance and modifications, and into decommissioning, the design information is
verified through inspector observation and appropriate measurements and tests to confirm that the
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design and operation of the facility conforms to the information provided. In addition to these
methods, environmental sampling may be applicable depending on the circumstances, as a means to
detect reprocessing of plutonium with different characteristics. This safeguards measure provides the
basis for determining the other elements of the safeguards approach for a given facility and the basis
for applying all other safeguards measures.

For each reprocessing facility, depending on its operational status, whether it is a small, medium
or large-scale plant, and facility-specific features, appropriate combinations of the following measures
are combined with design information verification activities in the safeguards approach for the
facility:

• application of containment and surveillance at key parts of the plant, to maintain continuity of
knowledge of verified information and to track operations to determine whether or not observed
operations conform to operator declarations;

• application of measurements, including measurements made by the operator for accountancy,
criticality safety or process control and measurements made by the IAEA using IAEA equipment
or, under suitable arrangements, using operator equipment;

• solution measurement and monitoring systems, to track the movement of solutions containing
nuclear materials within the process area and to provide authenticated volume measurements
of nuclear materials in solutions;

• near real-time accountancy, to detect plutonium losses within the specified monthly timeliness
intervals;

• nuclear materials accountancy, involving annual material balances based upon verified physical
inventories and physical inventory changes (this includes the analysis of shipper-receiver
differences and material unaccounted for over successive material balance periods); and

• cumulative nuclear materials accountancy, involving total and trend analysis over the full
period during which IAEA safeguards are applied at the facility.

Safeguards at reprocessing plants include the taking of samples for analysis at the IAEA Safeguards
Analytical Laboratory, located in Seibersdorf, Austria. Sample preparation at the facilities includes
spiking with reference materials and dilution to reduce the radioactivity of the samples to facilitate
shipment and handling. Shipping such samples is expensive and requires appropriate radiation
protection measures.

The verification equipment used at reprocessing plants includes standard seals and surveillance
equipment, plus specialized systems:

• pneumatic measurement systems for determining the volume and density of solutions in
instrumented vessels;

• secure sample containers to protect samples from tampering;

• densitometry equipment to permit IAEA verification of the concentration of plutonium in
solutions before, during and following its separation and purification (K-edge densitometry for
purified solutions and hybrid K-edge densitometry for solutions containing fission products
and uranium); and

• in large-scale plants, on-site analytical laboratories are necessitated in view of the number of
samples required and the timing for analysis.
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CLANDESTINE REPROCESSING PLANTS

In a CSA state, any undeclared reprocessing would constitute a clear violation of the provisions of
the Agreement and the Additional Protocol. Reprocessing operations normally involve the release of
gaseous fission products into the atmosphere and the release of particulates, some of which are deposited
at significant distances from the facility. The detection measures for detecting clandestine plants are as
follows.

Enhanced Information Analysis: Under the provisions of the Additional Protocols, CSA states
are required to be thorough in providing information relating to research and development concerned
with reprocessing, manufacturing and importing specialized vessels for reprocessing and the
construction, operation and decommissioning of any reprocessing plants, past, present and future.
The IAEA analyzes the information provided and compares that information with information obtained
from a range of sources, including:

• information obtained through the implementation of safeguards within the states;

• information reported to the IAEA involving transfers of nuclear materials and specified items
of equipment;

• information obtained through other IAEA activities, including technical cooperation projects;

• open-source information from scientific journals and the media; and

• other information as states may provide.

Complementary Access: Under the provisions of the Additional Protocol, the IAEA has the right
to request access to locations to resolve inconsistencies in information provided. The specific provisions
for such access are complex and a careful analysis will be required to determine their relationship to
Cut-Off Treaty requirements as negotiations proceed.

Environmental Sampling: Environmental samples may be taken under existing provisions of the
Additional Protocol at locations where complementary access is provided. Additional provisions for
wide-area environmental sampling are under consideration and approval by the Board of Governors
is required before this feature of the Additional Protocol can be implemented.

DECLARED ENRICHMENT PLANTS

IAEA safeguards at a uranium enrichment plant are intended to meet three objectives:

• to detect the production of HEU or excess high enrichment production if high enrichment
production is declared;

• to detect excess LEU production (that might subsequently be further enriched at a clandestine
plant or within a plant under safeguards, with a higher risk of detection);7  and

• to detect diversion from the declared uranium product, feed or tails streams.

The nuclear materials accountancy measures applied to detect diversion from the declared
feed, product and tails streams in an enrichment plant provide a means to assure that a plant is not
being used to produce HEU, and in those cases where a low enrichment plant has been used earlier
to produce HEU, this method assumes increased importance.
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While essentially all reprocessing plants use a single process, nine uranium enrichment
technologies have been advanced. Some of these technologies are unlikely to be exploited and
some would no longer be selected because of very high electrical power requirements. While the
safeguards approach for any enrichment plant will include common elements, the differences in the
various process characteristics and the plants requires different safeguards methods.8  While IAEA
safeguards have been applied primarily to gaseous centrifuge plants, the IAEA has carried out
investigations in relation to aerodynamic nozzle enrichment plants, gaseous diffusion plants, molecular
laser enrichment (MLIS) and electromagnetic (calutron) enrichment systems. Limited studies have
been carried out to consider safeguards at atomic vapour laser enrichment (AVLIS) plants, but little
if any work has proceeded in relation to the remaining technologies that have yet to advance to the
point of being incorporated in industrial scale plants: chemical exchange enrichment, ion exchange
enrichment and plasma separation enrichment.

As in the case of reprocessing plants, design
information examination and design information
verification are central to the implementation of IAEA
safeguards at enrichment plants. Enrichment technology is
considered to be proliferation-sensitive and thus IAEA
inspector access to the areas where enrichment equipment
is installed is restricted by the technology holders, and
inspector observation of the inside details of enrichment
equipment is forbidden, as is access to critical plant
operating parameters.  Verification arrangements have been established within these restrictions
that allow the IAEA to meet the objectives indicated.

Design information examination and verification provides a reference for understanding the
normal steps for introducing feed and removing product and tails, and for assuring thereafter that no
temporary or permanent modifications are made that would allow the plant � or any part thereof
� to be used for the production of undeclared HEU. During construction, commissioning, during
normal operations, maintenance and modifications, and into decommissioning, the design information
is verified through inspector observation and appropriate measurements and tests to confirm that
the design and operation of the facility conforms to the information provided.

Environmental sampling has proven to be an extremely potent method for determining whether
or not an enrichment plant produces HEU. Clearly, if the plant is producing HEU for a non-proscribed
purpose, or if a low enrichment plant was formerly used for HEU production or is near a high
enrichment plant, environmental sampling may be less useful. The safeguards approach in such
facilities would require greater emphasis on other aspects of the safeguards, but even in such
circumstances, cluster analyses of particulates over time may provide a basis for detecting new
production, as may differences in minor isotope ratios.

For a given enrichment technology, in a manner similar to that for declared reprocessing plants,
the safeguards approach for an enrichment plant will depend to a great extent on the operational
status of the facility. In particular, the following conditions are fundamental to establishing effective
and efficient safeguards:

• operating enrichment plants:

� producing HEU for non-proscribed purposes (here the verification must assure that
only the declared amounts of HEU are produced, and environmental sampling may be
of little if any relevance);

� producing LEU in a plant reconfigured from earlier high enrichment production or in a

Enrichment technology is considered to
be proliferation-sensitive and thus IAEA
inspector access to the areas where
enrichment equipment is installed is
restricted by the technology holders, and
inspector observation of the inside details of
enrichment equipment is forbidden, as is
access to critical plant operating parameters.
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plant nearby another plant used for HEU production (here the verification activities intended
to detect undeclared HEU production will be more complicated due to remaining traces
of HEU, so, for example, environmental sampling may be of little relevance);

� producing LEU and never having produced HEU;

• operational standby (again, as for reprocessing plants, the verification requirements will differ
depending on the advance notification interval required);

• decommissioning (the safeguards activities will be progressively simplified and the plant is
dismantled; the destruction or disposition of the enrichment equipment removed should be
monitored); and

• decommissioned or abandoned (here again, as for reprocessing plants, the inspection methods
and frequency will depend upon the final state of the structures and periodic assurance that
steps are not being taken to return a decommissioned or abandoned plant to operation will
differ accordingly).

For each enrichment plant, depending on its technology, operational status, capacity and layout,
the following measures are incorporated in the safeguards approach:

• measurements of the amounts of uranium and the enrichments of uranium in feed, product
and tails cylinders, by means of weighing the cylinders and the use of non-destructive assay
systems to measure the uranium enrichment, and sampling for analysis at the IAEA Safeguards
Analytical Laboratory;

• applications of containment and surveillance on feed, product and tails cylinders, and at key
parts of the plant, in particular at the uranium feed point and the product and tails removal
points (integrated sealing-surveillance systems are being used at some plants that allow the
facility operator to attach and remove seals as an efficient means to obtain assurance that all
cylinders attached or detached from the declared feed and take-off points are verified), and
at locations where instruments are installed to maintain continuity of knowledge of verified
information and to track operations to determine whether or not observed operations conform
to operator declarations;

• determinations that uranium in the process piping contains less than 20% of the isotope
uranium-235, through continuous enrichment monitors or specialized measurement systems
used in conjunction with limited-frequency unannounced inspections inside the cascade areas
of some centrifuge plants;

• in other centrifuge plants, in-line instruments will be introduced for measuring the actual
enrichment of the uranium in uranium hexafluoride gas in the feed, product and tails lines,
and mass flow meters on the product flow line;

• in some facilities, use of limited frequency unannounced access inspections into the cascade
hall to detect plant modifications that might signal high enrichment operations;

• in some facilities, monitoring of the separative work produced between successive inspections
and comparison of those amounts with operator declarations and supportive inspection data;

• nuclear materials accountancy, involving annual material balances based upon verified physical
inventories and physical inventory changes (this includes the analysis of shipper-receiver
differences and material unaccounted for over successive material balance periods); and
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• cumulative nuclear materials accountancy, involving total and trend analysis over the full period
during which IAEA safeguards are applied at the facility.

CLANDESTINE ENRICHMENT PLANTS

The methods used to detect undeclared enrichment plants are essentially as for undeclared
reprocessing. Enrichment operations normally result in the release of aerosols � especially at locations
where connections to the process piping are made, but also through the plant ventilation system.
These aerosols may not travel very far, and thus environmental sampling is likely to be effective close
by such facilities.

The difficulty in finding emissions from clandestine enrichment plants is further compounded
by advances in enrichment technology that greatly reduce the size of plants and reduce the electrical
power requirements.

Enhanced Information Analysis: States are required to be thorough in providing information
relating to research and development linked to enrichment, manufacturing and importing enrichment
equipment and specialized materials (carbon fibre vessels and maraging steel, for example) and the
construction, operation and decommissioning of any enrichment plants, past, present and future. As
for reprocessing, the IAEA analyzes the information provided and compares that information with
information obtained from the sources identified above in relation to reprocessing.

Complementary Access: As above, for reprocessing.

Environmental Sampling: As for reprocessing, environmental samples may be taken under the
provisions of the Additional Protocol at locations where complementary access is provided. Additional
provisions for wide-area environmental sampling are under consideration, and approval by the
Board of Governors is required before this feature of the Additional Protocol can be implemented,
but the detection of enrichment at points distant from plants is less likely.

Evaluations and Reporting of IAEA Safeguards Findings

Many other fundamental features of IAEA safeguards may be relevant to verification of a Cut-
Off Treaty, including the following.

AUTONOMY OF AGENCY

The Director General of the IAEA is empowered to bring to the Board of Governors suspicions
of violations of the provisions of safeguards agreements, and the IAEA is empowered to bring to the
United Nations Security Council situations which suggest that safeguards agreements may have
been violated. The Director General is authorized to receive any information that may bear on a
given situation, but the Director General is responsible for determining whether, how and when to
act on such information.
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CONFIDENTIALITY

IAEA safeguards are carried out under conditions that require the Agency to protect the
confidentiality of information relating to facility design and operation, inspection findings and
evaluations, especially those at the level of the state.

STATEMENTS

Statements summarizing the activities carried out during each inspection are provided to the
state shortly after each inspection, and a summary statement with conclusions regarding the outcome
of inspections is provided annually. These statements are also �safeguards confidential�.

CONSULTATIONS

In determining the most efficient means to meet safeguards objectives, consultations are held
in a cooperative framework. When anomalies and discrepancies are detected in the course of
inspections or subsequent evaluations, consultations are held to find prompt and effective means
for their resolution.

SPECIAL INSPECTIONS

The Director General is empowered to request a Special Inspection in a CSA state, based upon
unresolved questions that suggest that a state may be in violation of its CSA provisions. The provisions
of the Additional Protocols for complementary access are intended to improve the ability to resolve
significant questions in the light of experience.

SAFEGUARDS IMPLEMENTATION REPORT

Each April, the IAEA Secretariat prepares a report to the Board of Governors summarizing all
verification activities carried out and the conclusions derived therefrom. (Problem matters are brought
to the attention of the Board as they arise.)

Concluding Remarks

IAEA safeguards began in the 1960s and have continued to evolve, without pause, as new
verification responsibilities were assigned, as peaceful nuclear operations increased in size and complexity
and as international relations posed new challenges. At present, 220 IAEA inspectors carry out
approximately 11,000 days of inspection work each year, using 110 different verification systems
that have been developed under sixteen ongoing IAEA Member State Support Programmes. The legal,
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technical and administrative arrangements adopted in different states and in different facilities respond
to obligations mandated through Safeguards Agreements. In a wide range of areas, consideration of
the existing safeguards arrangements will ensure that Cut-Off Treaty verification and IAEA safeguards
are implemented in ways that provide the maximum value at the minimum cost.

Notes

1. �Fissionable� nuclei will fission when struck by fast neutrons having appreciable kinetic energy, while �fissile�
nuclei will fission when struck by fast or slow neutrons with any amount of kinetic energy, including neutrons with
essentially no kinetic energy. �Fissile� nuclei are therefore �fissionable�, but only some �fissionable� nuclei are
�fissile�. Uranium-233, uranium-235, plutonium-239 and plutonium-241 are �fissile� nuclei; uranium-238,
plutonium-238, 240 and 242, neptunium-237, americium-241 and 242(m) are examples of �fissionable� nuclei
that are not �fissile�.

2. Details on the status of Safeguards Agreements are published in IAEA Annual Reports and are available on the IAEA
web site: http://www.iaea.org/worldatom/.

3. All CSAs are based upon INFCIRC/153, �The Structure and Content of Agreements between the Agency and States
in Connection with the Treaty on the Non-Proliferation of Nuclear Weapons.� INFCIRC/153 is available at the web
site noted above.

4. Note that no state has ever exercised the provision allowed in CSAs to designate nuclear materials for non-proscribed
military applications that employ the fission characteristics of nuclear materials. States have exempted safeguards
on depleted and natural uranium for use in ceramics, for example, and as a catalyst in petrochemical processes,
and on depleted uranium metal for use as ballast material in aircraft and boats and in military applications involving
armor-piercing projectiles. The provisions for excluding nuclear material from safeguards for non-proscribed military
activities are set forth in paragraph 14 of INFCIRC/153.

5. INFCIRC/540, Model Protocol Additional to the Agreement(s) between State(s) and the International Atomic Energy
Agency for the Application of Safeguards. INFCIRC/540 is available at the web site given in note 2.

6. INFCIRC/66/Rev.2: The Agency�s Safeguards System (1965) as provisionally extended in 1966 and 1968. INFCIRC/
66 is available at the web site identified in note 2.

7. Note that more than 80% of the separative work required to produce uranium containing concentrations of uranium-
235 of 90% or more is spent in raising the enrichment from natural levels (0.71% uranium-235) to approximately
4% enriched. A much smaller top-end facility would be needed to increase the enrichment from 4% to high
enrichment levels than if the facility were to start with natural uranium.

8. The IAEA has no experience in relation to plutonium enrichment processes, only one of which has been suggested
(AVLIS).
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O pacity was one of the founding principles of the nuclear age. Secrecy about scientific
principles, nuclear technologies, and the scale of capabilities and policies was
pervasive. For states reliant on nuclear deterrence, keeping nuclear activities opaque

to the outside world (and to all but a few within government systems) has been justified mainly on
the grounds that knowledge about nuclear arsenals and weapon designs should be limited. Opacity,
and the uncertainty it created for the other side, was viewed as a cornerstone of security, on the
ground that knowledge about weapon deployments and designs enables adversaries to improve
their strategic responses.

For materials bound up in military nuclear programmes (weapons and submarines), the situation
has not fundamentally changed in the 1990s. While there is greater transparency about warhead
numbers � due to nuclear arms control agreements negotiated by the United States and the
former Soviet Union/Russian Federation, and voluntary disarmament by France and the United
Kingdom � the size, form and location of inventories of nuclear weapon materials has remained
predominantly classified.

Opacity has also played an important role in civil nuclear programmes, for commercial and
physical security reasons. However, a much higher degree of transparency has existed about civil
fissile material inventories, especially those in non-nuclear-weapon states (NNWS) parties to the
Nuclear Non-Proliferation Treaty (NPT). Transparency is achieved in many ways, but its central
component is the international safeguards system that operates through the International Atomic
Energy Agency (IAEA). In contrast to military programmes, transparency is seen as a condition of
international confidence in the peaceful use of nuclear energy.

Today there is a demand for greater transparency about many aspects of nuclear activities,
both civil and military. On the civil side, perennial concerns about economic, safety and environmental
performance are forcing the nuclear industry to be more open in its relationships with regulators,
financiers and other stakeholders. In the last few years there have also been important developments
in the international safeguards regime, as well as a number of voluntary transparency initiatives,
such as the international plutonium management guidelines agreed in 1997. On the military side,
there has also been a recognition in some of the nuclear-weapon states (NWS) of the need to
reverse the Cold War attachment to opacity and introduce progressively more transparency. This
process has been for the most part ad hoc. Only slowly and unevenly are the veils of secrecy being
lifted.

Frans BERKHOUT & William WALKER

Transparency and Fissile Materials

Dr. Frans Berkhout is Senior Fellow at SPRU � Science and Technology Policy Research at the University of
Sussex. Professor William Walker is Professor of International Relations at the University of St Andrews.
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This paper aims to describe why the demand for transparency has arisen, defines the main
forms and modes of nuclear transparency, and sketches out transparency measures that have been
implemented in different contexts.

The Demand for Transparency

The demand for greater transparency about nuclear activities arises for a number of reasons.
The first is the desire of states to understand the nuclear capabilities and policies of other states.
Although opacity is the usual practice for weapon states, total opacity can be counterproductive.
Indeed, arms control has always entailed the managed reduction of opacity. Trust in the intentions
of others depends on the ability to be assured that these activities do not pose an unreasonable
security or environmental risk. As the norm of transparency is embedded, so transparency itself
becomes a control mechanism. Activities come to be designed which anticipate the need for openness,
encouraging reciprocity and building confidence. The logic that transparency brings gains in security
has become more compelling for both military and civil nuclear programmes.

On the military side, arms reduction and disarmament processes have required greater
transparency as a way out of the �security dilemma� that propels arms races. On the civil side, new
demands for transparency have been driven by the need to strengthen and broaden the scope of
nuclear safeguards, and by the continuing need to gain consent for civil programmes, in particular
those entailing the separation and use of plutonium. Transparency is therefore a rational strategy in
cases where the formation of trust and consent between states is an objective. Where relationships
are characterized by confrontation (as in South Asia today), opacity and uncertainty remains the
order of the day.

Second, the demand for transparency arises when states must demonstrate that unilateral and
multilateral commitments are being honoured. The more binding the commitments, especially if
they are expressed in treaties, the more stringent the transparency measures imposed. With the
accretion of nuclear arms control, disarmament and non-proliferation agreements, nuclear
transparency has been progressively extended over the past three decades. During the 1990s, this

process has accelerated. In particular, the objective of
making disarmament measures between the Russian
Federation and the United States irreversible has led to
important new efforts to make formerly opaque military
nuclear programmes more transparent to other states.
Greater transparency in NNWS has been sought to
avoid a recurrence of clandestine acquisition
programmes of the type conducted by Iraq.

Third, nuclear transparency has increasingly been
needed for reasons of internal security and confidence. In the post-Cold War period, physical security
in military nuclear programmes has depended less on the control of people and more on the control
of nuclear materials and technologies. This has entailed far greater internal transparency about
fissile materials (primarily most forms of plutonium and uranium-235)1  through the implementation
of more effective materials protection, control and accounting (MPC&A) measures in nuclear weapon
production systems. More is known to NWS themselves about the management and control of
fissile material inventories. Similarly, the beginning of active nuclear disarmament has forced a full
and accurate accounting to be made of fissile material production histories. The process of irreversibly
removing weapons and materials from military use can only be placed into proper perspective when

The objective of making disarmament
measures between the Russian Federation and the
United States irreversible has led to important new
efforts to make formerly opaque military nuclear
programmes more transparent to other states.
Greater transparency in NNWS has been sought
to avoid a recurrence of clandestine acquisition
programmes of the type conducted by Iraq.
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there is confidence about the initial military inventory. In the longer run, complete disarmament will
require a comprehensive and verifiable initial inventory of past production prior to these materials
being placed under international safeguards.

Fourth, non-state parties increasingly demand transparency about nuclear activities. Non-
governmental organizations (NGOs), neighbours of nuclear facilities, the general public nationally
and internationally all have a growing stake in nuclear policy-making. In democracies, nuclear
weapons and civil nuclear programmes need to be legitimated in the face of persistent public fear
and criticism. Transparency towards these groups helps maintain political acceptance for nuclear
activities. Many of the more recent transparency measures therefore have a strong public component.
Nuclear transparency is no longer entirely conducted in the form of confidential transfers of
information between the bureaucracies of states and international organizations alone.

Finally, technological innovations are making opacity more difficult to sustain, just as they are
facilitating transparency measures in which states can place
greater confidence. Satellite imaging , environmental
monitoring, global communications and various other
techniques are forcing states to accept that less and less can
be hidden from other states or from the public eye. This is not
to discount the continuing innovative efforts made by states to
conceal what is most vital to their interests.

In sum, there exist today many pressures encouraging greater transparency about both military
and civil nuclear activities. These pressures have led states to become more transparent to other
states (and their proxies in the form of the IAEA), and to themselves. There has also been an increasing
tendency for this transparency to become more public, although there is still a long way to go.

Forms and Modes of Transparency

At its simplest, transparency is about the flow of information and knowledge between parties.
Someone is allowed to see something they could not see before. This flow may be voluntary,
mandatory or involuntary. It may be offered unilaterally, stipulated in an agreement between parties,
or gained by other means, such as espionage (national technical means, NTM). Different forms of
transparency have different aims. Voluntary transparency aims at demonstrating goodwill or
encouraging reciprocity from another party. These voluntary actions are taken in situations where
the information being given up is no longer viewed as representing a vital interest, but nevertheless
has a value in a general process of confidence-building. It is also a less costly way of gaining trust and
agreement, and tends to encourage greater flexibility on both sides. For instance, a voluntary approach
(rather than a time-bound reciprocal approach) to the declaration of excess stocks of fissile materials
in military inventories allows NWS to phase the movement of stocks from military and civil domains
in line with their own budgets and capabilities. In the face of residual uncertainties about the intentions
of other states, it also allows them to keep their options open.

Mandatory transparency aims to provide a minimum level of assurance that obligations entered
into under bilateral or multilateral agreements are being met by the parties. Typical elements of this
form of transparency are: routine declarations of activities and materials stocks; routine inspections
of facilities and inventories; and challenge inspections to verify against clandestine activities. The
precise modality used will vary between contexts, but the international benchmark for transparency
about fissile material stocks is the IAEA safeguards system.

Satellite imaging, environmental
monitoring, global communications and
various other techniques are forcing states
to accept that less and less can be hidden
from other states or from the public eye.
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Involuntary transparency is a more difficult and contentious category. The aim here is to gain
access to information and knowledge that is being hidden. In other words, it is the active process of
overcoming opacity by another party through intelligence gathering. States may use this intelligence
as a competitive measure in order to gain a direct advantage over each other. But there is also an
important role for intelligence in allowing opponents to understand each other better (including
understanding how best to negotiate). In this sense, involuntary transparency can be seen as a
confidence-building measure for either side. This process is a basic element of military and diplomatic
strategy, especially in relation to nuclear weapons � huge resources being devoted to gathering
intelligence about nuclear capabilities. But during the 1990s, involuntary transparency has also
played an increasing role in nuclear non-proliferation policy directed at �cheats� like Iraq and the
Democratic People�s Republic of Korea (DPRK). Intelligence gathering has played an important, but
background, role in the support for UNSCOM inspections, which have sought since 1991 to inventory
and disable weapon programmes in Iraq. Another form of involuntary transparency is through the
work of researchers, whether academic or working for NGOs.

There are two further aspects of voluntary and mandatory transparency. The first is: who sees?
Nuclear transparency has many potential audiences . As we have argued, states may be becoming
more transparent to themselves, they may be revealing things to other states bilaterally, they may be
accepting transparency measures implemented as part of treaty regimes by an international
organization, or they may be providing information to non-state parties. Sometimes information is
passed directly between states; more often information is passed to a third party � an international
organization that acts as an arbiter over the credibility of the information. Much nuclear transparency
is therefore indirect.

Hence, transparency faces in many directions and often overlaps. Some forms of transparency
are channelled to specific recipients in other states or international organizations (for example,
routine reports of fissile material inventory changes by states to safeguards agencies), other forms
provide public information to a much less well-defined audience (for example, annual declarations
of national plutonium inventories under the Guidelines for the Management of Plutonium). These
layers of transparency often act together to promote trust and confidence.

However, a balance always needs to be struck between the need for more transparency and
the cost, in financial, institutional and strategic terms, of meeting the demand for information. There
will always be demands for transparency that are not met, sometimes because there is good reason
for opacity. One example is continued lack of transparency about physical protection measures

whose effectiveness depends on secrecy. In other instances
the capabilities and wherewithal to provide transparency may
not be available, even where there is a will to provide it.
Transparency is therefore what economists call �satisficing�,
doing what is necessary to meet multivalent and sometimes
conflicting demands for information, bearing in mind the
basic objective that is being sought through transparency.

The second aspect of transparency is: what do they see? Completeness, accuracy, timeliness
and verifiability are key criteria for judging the quality of information that is made available through
transparency measures. A range of options is available, depending on what is appropriate and
feasible. With regard to nuclear materials transparency, the most demanding standards have been
laid down by the IAEA�s Standing Advisory Group on Safeguards Implementation (SAGSI). SAGSI
criteria set out the level of accuracy and the periodicity with which nuclear materials accounts must
be reported and verified to the IAEA. The criteria represent an international technical consensus
about the standard of knowledge about fissile materials inventories which is required to be confident

Transparency is therefore what
economists call �satisficing�, doing what is
necessary to meet multivalent and sometimes
conflicting demands for information, bearing
in mind the basic objective that is being
sought through transparency.
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that no safeguarded material is being diverted for non-peaceful purposes.2

There are also different ways of revealing information about nuclear policies, capabilities and
inventories, and often these are deployed together. Broadly speaking there is a sliding scale of
transparency, including:

• a statement of intent, such as the declaration of a moratorium on further fissile material
production for weapons purposes;

• the provision of information on stocks and facilities, such as an initial inventory, a facilities list
or regular fissile material mass-balance accounts to safeguards agencies; and

• the verification of information, this includes a wide range of possibilities � from highly specific
bilateral inspection arrangements of storage facilities containing fissile materials removed from
nuclear weapons, to generalized policies of openness where the general public may be
permitted to view nuclear facilities such as spent nuclear fuel ponds.

Complete transparency would entail each of these three modes of transparency operating
together. This is rarely achieved. Typically, transparency is partial. Transparency also evolves. Frequently,
limited transparency is sought when states are embarking on a new arms control venture, partly
because there is insufficient trust or experience to achieve more extensive transparency. As a measure
or regime matures, demands may increase along with an increasing willingness and capacity to
share information. By the same token, excessive demands for transparency can damage arms control
initiatives by raising political and bureaucratic costs of participation.

The Scope of Transparency about Fissile Materials

In our context, nuclear transparency is concerned with providing information about fissile
materials, nuclear facilities, and industrial and policy processes. It is just as important to know how
much fissile materials a state possesses as to understand how it intends to use the material. In some
situations large inventories of fissile materials are not regarded as posing a risk to other states (civil
inventories of plutonium in the United Kingdom, for instance), whereas small inventories held by
states flouting treaty regimes can be seen as posing profound risks to international security (the
DPRK�s small inventory of separated plutonium).

MATERIALS AND FACILITIES OF CONCERN

The main materials of concern are isotopes of uranium and plutonium. Transparency measures
cover primarily �weapon-usable� materials that could be used to produce a nuclear explosive device.
The exception is low enriched uranium (LEU). The list of fissile materials covered by transparency
measures includes:

• LEU, containing 0.71�20% uranium-235;

• HEU, containing over 20% uranium-235;3

• Weapon-grade uranium (WGU), containing over 90% uranium-235;4

• Reactor-grade plutonium, containing over 18% plutonium-240;5
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• Fuel-grade plutonium, containing 7�18% plutonium-240; and

• Weapon-grade plutonium, containing less than 7% plutonium-240.

Other forms of uranium, including natural and depleted uranium, are not typically covered
because substantial additional technical effort would be required to put them into a form where
they would be weapon usable.

The facilities covered under nuclear transparency measures are those which hold or process
the six categories of material listed above. These include: nuclear reactors, uranium enrichment
plants, nuclear reprocessing plants, nuclear fuel fabrication facilities (uranium and plutonium fuels
for land-based and naval reactors), and spent fuel and fissile material stores. The most sensitive
facilities, and those about which the highest standards of transparency are demanded, are those
where the greatest access to �direct-use� material exists. This includes enrichment plants (potential
access to HEU), reprocessing and plutonium fuel fabrication plants (access to plutonium), and fissile
materials stores (potential access to both HEU and plutonium). Nuclear facilities in all these categories
exist in both military and civil domains. Transparency measures therefore exist, in principle, to cover
all these activities, even where proprietary technology needs to be protected, as with centrifuge
enrichment plants. Clear exceptions here are nuclear weapons stores that contain complete or
dismantled weapon components. Transparency about these materials is highly limited since they
contain militarily and proliferation sensitive information.

TRANSPARENCY MEASURES

A simple taxonomy of nuclear transparency measures was proposed above: internal transparency,
bilateral transparency, multilateral transparency and transparency to non-state parties. Moreover, a
dividing line in nuclear transparency still exists between those programmes that are military (broadly
opaque) and those devoted to the production of nuclear electricity and nuclear research (broadly
transparent). This distinction is becoming more blurred, as nuclear arms reduction and disarmament
processes unfold. Today it may be more correct to include a set of �transitional� activities in which
materials produced in military programmes are being moved into transparent and civil domains.6
Many of the major innovations in nuclear transparency focus on this intermediate category of activities
and materials.

Internal transparency

Material accountancy in NWS: Monitoring and measurement of fissile material stocks and flows
has historically been less careful within weapon programmes than in civilian programmes, especially
safeguarded programmes. In only three states can we be reasonably assured that accountancy systems
are equally effective in military and civil domains (France, the United Kingdom and the United
States). Inadequacies in the Russian system of materials accounts are well documented, and from
1994 onwards led to a wide range of bilateral and multilateral programmes to improve MPC&A at
weapon production facilities and at the many research organizations connected to the Russian
nuclear complex. The best known and by far the largest of these is the American Nunn-Lugar
Program. Together the aim is to establish an effective and uniform system of materials accounting
and control across all Russian nuclear activities. By 1998, 150 facilities had been identified at fifty-
three sites, some two-thirds of which had been upgraded, with work proceeding on the remainder.
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These assistance programmes have not entailed any transfer of information about fissile materials
stocks to donor countries. Their objective has been to enable Russian authorities to achieve greater
control, with the broader aim of giving extensive assurance that the risks of fissile material �leakage�
will thereby be minimized. Attempts by the United States to encourage increased reciprocal
transparency over fissile materials in military programmes have been frustrated. Accounting practices
in China, Israel, India and Pakistan are not well understood.

Self-auditing by NWS: To have any real military or political significance, the process of nuclear
disarmament has to involve the irreversible reduction of nuclear weapon capabilities. The first step
to date has been the destruction of delivery vehicles, but the next step must include the removal of
fissile materials from military inventories. A comprehensive audit is a useful device to establish what
has been produced, what needs to be retained to support military programmes (nuclear weapons
and naval propulsion) and what can be removed from military inventories.7  A formal initial inventory
of nuclear materials would be a prerequisite of complete disarmament, a task performed by South
Africa in the early 1990s when submitting itself to full NPT safeguards as a NNWS. Full accounts are
also required of Iraq and the DPRK as NNWS parties of the NPT.

The �Openness Initiative� of the United States was intended to provide an account of the scale,
form and location of fissile materials acquired and used for military purposes. The results have been
published in stages, with detailed reports on plutonium appearing in 1994 and 1996. Main findings
on HEU are expected during 1999. All the reports have been made public. In this sense, the audience
included both the government itself, and a wider national and international audience. A tacit aim of
the exercise was to encourage other states to demonstrate reciprocity and to launch similar exercises.
One of the most telling findings has been that the United States Department of Energy has found
that its knowledge of fissile materials stocks in military programmes has been incomplete. In 1998,
the British Government declared for the first time the scale of fissile materials held in its military
inventories, and announced that it would publish in 2000 an �... initial report on defence fissile
material production ...�. No similar commitments have been made by other states.

Bilateral transparency

Fissile materials disposition programmes: Both the Russian Federation and the United States
have begun the process of building-down their huge nuclear weapon arsenals. To date, arms reduction
agreements between the two sides have been concerned with limiting the number of delivery vehicles,
but since the early 1990s there has been an accelerated programme of nuclear warhead
dismantlement, producing large amounts of fissile materials no longer required for military uses.
Indefinite storage of these in weapon-usable form was not deemed acceptable by either the Russians
(who were keen to convert hard-won military assets to civil use) or the Americans (who feared that
Russian material might fall into the wrong hands). First attempts at defining excess fissile materials
stocks have therefore been made (and published),8  and concerted programmes to render weapon
material inaccessible by technical means were initiated. HEU is to be diluted down to LEU for use
as fuel in commercial power reactors; while plutonium is planned to be immobilized in a radioactive
form, either through use in mixed oxide fuel (MOX) in power reactors, or through direct encapsulation
in a waste form. Given the huge quantities of material to be processed, weapon material disposition
programmes are likely to take 10�20 years.

Agreement was reached in 1993 between the Russian Federation and the United States over
the sale of 500 tonnes of HEU, to be partially blended down in the Russian Federation to LEU and
transferred to the United States Enrichment Corporation for sale on world enrichment markets. A
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set of bilateral transparency measures were negotiated at the same time. These were to assure the
American side that material being transferred had come from military programmes, and the Russian
side that the material was being put to peaceful uses. This has been achieved through declarations,
materials accounting and mutual inspection of facilities. Public reports of the progress of the HEU
disposition programme have also been made available.

Few concrete steps have been taken so far in plutonium disposition. This is partly because of
the greater technical and commercial difficulties involved. Technical issues have been dealt with
through close cooperation among the Russians, the Americans and a number of other states, including
France, Germany, the United Kingdom and Japan. For the United States, the aim has been to pursue
a �dual-track� approach including both the MOX and the waste route. Interest among all the other
parties has been limited to the use of plutonium released from weapons as MOX fuel. The process
of technical engagement has not produced greater transparency about fissile material stocks, but
has built confidence about industrial approaches and intentions on both sides.

Transfers of weapon-usable material: Transfers of weapon-usable materials (technically known
as special fissionable and source material) and technology between countries are covered by
safeguards arrangements described below.9  For international transfers of certain types of material
there are additional requirements for bilateral transparency. For instance, transfers back to Japan of
plutonium separated from Japanese spent nuclear fuel at European commercial reprocessing facilities
are covered under the United States-Japan Nuclear Cooperation Agreement (1992). This specifies a
list of facilities where such plutonium can be processed into MOX fuel and recycled, and obliges
Japan to justify on commercial grounds the use of plutonium. These transfers are also covered under
a political cooperation agreement between European Union countries, which requires Japan to
provide a clear plan for the storage, handling and use of plutonium that is returned to it. All these
exchanges of information are aimed at providing assurances of peaceful use beyond those already
provided by the implementation of international safeguards.

Multilateral transparency

Moratoria on fissile materials production: A weak form of transparency over military fissile
material policies is represented by the declarations of moratoria on the production of fissile materials
for nuclear weapon purposes by the United States, France, the United Kingdom and the Russian
Federation. The American declaration was first made in 1993, the others came in 1995 at the NPT
Review and Extension Conference. Without providing direct transparency over stocks, these
declarations confirmed the basic policies of these states to limit their nuclear capabilities. They can
also be regarded as precursors to a Fissile Material Cut-off Treaty, which would see the extension of
transparency over fissile material inventories in both NPT and de facto NWS.

International nuclear safeguards (NPT and non-NPT): International safeguards have two objectives:
to provide confidence that fissile materials in civil nuclear fuel cycles, or removed from military
nuclear programmes, are not diverted for military purposes; and to detect clandestine nuclear
production activities. Safeguards are applied only to materials in the civil domain. They are
implemented by civilian international safeguards agencies, whose function is to verify that states are
meeting peaceful use obligations set down in international law (the NPT, the Euratom Treaty, the
Treaty of Tlatelolco, and the Brazilian-Argentine Nuclear Cooperation Agreement). All safeguards
systems have essentially the same components:

• a complete initial inventory of fissile materials;
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• an up-to-date list of facilities at which these materials are produced, stored and used;

• a �national system of accounts� through which states monitor changes in fissile materials
inventories;

• regular reports to the safeguards agency about inventory changes;

• regular inspections to verify these reports; and

• the use of seals and monitoring devices at nuclear facilities.

All information transmitted to the safeguards agency or collected by it through inspections and
monitoring devices remains confidential, and is unavailable to other states. Safeguards therefore
represent a very high level, but specific, form of nuclear transparency.

Two types of safeguards systems operate today: the global (NPT), and the regional (Euratom
and the Argentine-Brazil Agency for Accounting and Control of Nuclear Materials). NPT safeguards
are applied to all states parties to the treaty. However, full-scope safeguards, under which all nuclear
activities in a state are covered under the terms of a standard safeguards agreement (INFCIRC/153)
negotiated with the IAEA, apply only to NNWS.10  NWS were not obliged to conclude safeguards
agreements with the IAEA. However, each of them agreed under so-called �voluntary offer� safeguards
agreements to place certain facilities on a �facilities list� that could be designated for inspection by
the IAEA. In practice, few facilities have been designated under these agreements, so that the coverage
of NPT safeguards in NWS has been extremely limited. Moreover, NWS have retained the right to
withdraw fissile materials from safeguards. Unlike NPT safeguards in NNWS, which are permanent
and unconditional, NPT safeguards in NWS are impermanent and conditional.

Partial IAEA safeguards, entailing inventory reports and inspections, are also applied under
pre-NPT arrangements (INFCIRC/66-type safeguards) in non-NPT states like India, Pakistan and
Israel. Under these agreements safeguards are applied to individual facilities, rather than the total
system of plants.

The NPT safeguards system has been reformed and strengthened during the mid-1990s under
the �93+2 Programme�. New measures flowing from this programme aimed specifically at the
detection of clandestine nuclear activities in NPT NNWS, and
were approved by the IAEA Board of Governors in 1995 and
1997. They include two powerful new transparency measures:
�enhanced declarations� and greater access to sites by IAEA
inspectors. Under enhanced inspections the IAEA will collect
information about a wider range of materials, facilities and
activities, and be able to deploy new verification techniques such
as environmental monitoring. The scope and intrusiveness of
inspections has also been broadened to include sites and facilities
not on available lists, as well as unannounced challenge
inspections.11

Euratom safeguards applied in the European Union (EU) are based on a different principle
than NPT/IAEA safeguards. Under the Euratom treaty, all nuclear materials are formally owned by
the Euratom Supply Agency. All non-military fissile material, including that in the two European
NWS, is subject to Euratom safeguards. Operators of all non-military nuclear facilities provide nuclear
inventory information to the Euratom Safeguards Agency, and are subject to routine inspection.
Amongst the NWS, Britain and France offer a greater degree of transparency than the other actual
and de facto NWS.

The NPT safeguards system has been
reformed and strengthened during the
mid-1990s under the �93+2 Programme�.
New measures flowing from this
programme aimed specifically at the
detection of clandestine nuclear activities
in NPT NNWS, and were approved by the
IAEA Board of Governors in 1995 and
1997.
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Trilateral initiatives to bring weapons materials under safeguards: Having voluntarily begun to
remove fissile materials released from nuclear weapons out of military inventories and having declared
moratoria on future production, the next step in making irreversible the �civilianization� of former
military stocks is to bring them under international safeguards. Under Euratom safeguards within the
EU the apparatus to achieve this is already in place, since all non-military material must be placed
under safeguards. In the United States and the Russian Federation, new arrangements need to be
made since existing NPT �voluntary offer� safeguards agreements are not regarded as being
appropriate. A trilateral initiative among the United States, the Russian Federation and the IAEA
began in September 1996 to investigate technical, legal and financial options. The Russian Federation
and the United States have both committed themselves to the application of IAEA safeguards, expected
to be mandatory and permanent, on excess weapons materials as soon as practicable. They are also
expected to waive the right of withdrawal from safeguards.

Plutonium management guidelines: Despite the application of safeguards, physical protection
measures and the regulation of safety and environmental hazards posed by the civil handling and
use of plutonium, confidence in these activities has been low. During the 1990s, new voluntary
transparency measures related to plutonium have been devised by the group of nine countries most
involved in civil plutonium use, which have their origin in international discussions during the 1970s
and 1980s about International Plutonium Storage.12  The outcome, announced in late 1997, was a
set of Guidelines for the Management of Plutonium (INFCIRC/549) under which states agreed to
publish:

• statements of national strategy for nuclear power and the nuclear fuel cycle;

• annual statements of holdings of non-military separated plutonium; and

• annual statements of holdings of non-military plutonium contained in spent nuclear fuel.

These are public documents available through the IAEA, and the first set of national statements
was made available at the end of 1998. Similar, though more complete, declarations of plutonium
inventories have been made by the Government of the United Kingdom since 1984.

Extending the Scope of Transparency

The development of nuclear transparency has accelerated significantly during the mid-1990s.
New mandatory and voluntary measures have been devised under which states provide information
about fissile stocks to other states, to third party international organizations and to the public. The
aim of this denser fabric of transparency is to continue to give assurance that treaty obligations are
being met, and to demonstrate good intentions and goodwill. At the same time, there continues to
be a demand for ever greater transparency. In particular, there is a preference for formalized forms
of transparency applying to the widest range of nuclear materials.13  There is, in principle, no limit to
the amount of information that might be made available � indeed, we know from other areas of
public life that the hunger for information only grows as more comes to be known. For reasons of
both security and legitimacy, some of these demands will need to be met.

Table 1 provides an overview of transparency measures currently applied to different categories
of fissile materials stocks. It also gives an estimate of the scope of international safeguards across
these different inventories, showing the great variance that exists. If the �gold standard� of nuclear
transparency is the application of nuclear safeguards, it is clear that there is still a long way to go.
Two major shifts are needed, assuming that materials in weapon inventories will always remain
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Table 1. Transparency measures applied to fissile materials

a. Includes separated plutonium and HEU.
b. Euratom safeguards applied in Britain and France.

outside mandatory transparency. First, safeguards need to be applied more consistently in NWS on
both military and civil inventories. Second, greater quantities of materials released from dismantled
weapons need to be designated as excess and also brought under safeguards. These kinds of
developments would not, of course, reduce the need for additional voluntary forms of transparency.

However, it would be wrong to conclude that the extension of transparency is inevitable or
always linear. There remain many areas of military and civil nuclear activity where transparency is
still resisted or contested. For instance, very little is known about nuclear programmes in China,
India, Pakistan and Israel, and high degrees of uncertainty still exist around estimates of Russian
fissile material inventories.

There is also a paradox about transparency in that there appears to be a link between its
desirability and its value. Transparency is often most valuable where it is least attainable, and conversely
is most attainable where its value has decreased. Almost by definition, states and other organizations
hold most secret that which is of most value to them. One way of interpreting the increasing scope
and density of transparency about nuclear materials may therefore be that states are increasingly
willing to make this concession because their own interests have moved on. This is not to underplay
the vital importance of the continued extension of nuclear transparency, but to seek to provide an
explanation for why it may now be achievable in some places.

Notes

1. Plutonium and highly enriched uranium (HEU) are the materials out of which all nuclear explosive devices are
produced.

2. Even these standards of transparency are not universally regarded as providing adequate confidence, as is borne
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out by Israel�s persistent criticism of IAEA safeguards.
3. This is also defined as weapon-usable since this material can support self-sustaining nuclear fission.
4. This is the grade of uranium normally used in the production of nuclear warheads.
5. All grades of plutonium can be used to produce nuclear fission, and hence a nuclear explosion. However,

nuclear weapon designers typically prefer plutonium rich in the isotope plutonium-239. Higher numbered
isotopes are more difficult to handle, so that the proportion of the most common of these, plutonium-240, is
used to define the quality of plutonium.

6. See W. Walker and F. Berkhout, Fissile Material Stocks: Characteristics, Measures and Policy Options, UNIDIR
Research Report, Geneva, in press.

7. There is a striking difference between the attitudes of the United States and the Russian Federation in this
regard. While the United States has sought to produce a comprehensive account of historical fissile material
production, the Russian Federation has so far failed to produce such an account.

8. The United States has so far declared 52 tonnes of plutonium and 165 tonnes of HEU excess. The United
Kingdom has also declared that 4.4 tonnes of plutonium in its military inventory is excess to requirements,
including 0.3 tonnes of weapon-grade material.

9. Under the NPT all transfers to NNWS are covered by the obligation to apply safeguards. This requirement was
generalized in 1992 when these transfers were made conditional on importing NNWS bringing all fissile materials
under IAEA safeguards (full-scope safeguards).

10. NPT safeguards are applied in EU Member States that are NNWS under the 153-equivalent INFCIRC/193.
11. These reforms are being implemented under a new protocol concluded in 1997 and designated INFCIRC/540.
12. Belgium, China, France, Germany, Japan, the Russian Federation, Switzerland, the United Kingdom and the

United States.
13. Especially in countries already subject to stringent transparency requirements (NPT NNWS).



Overview

Acronym Institute Online. www.gn.apc.org/acronym

Provides links to information regarding nuclear policies with updates on the negotiations. The
Institute publishes CD reports as well as Disarmament Diplomacy.

Arms Control Today Online. www.armscontrol.org/ACT/act.html

Contains an archive of all recent editions of Arms Control Today, indexed according to authors,
subject and date.

Arnett, E., ed. Nuclear Weapons after the Comprehensive Test Ban: Implications for Modernizations
and Proliferation. New York: Oxford University Press, 1996.

Bailey, K.C. �A Critique of the Fissile Materials Cutoff Proposal.� Director�s Series on Proliferation 8
(1995). Livermore: Lawrence Livermore National Laboratory: 55�62. www.llnl.gov/tid/lof

Barnaby, F. �The Need for an Effective Ban on the Production of Fissile Materials Usable in Nuclear
Weapons.� Disarmament Diplomacy 2 (1996): 2�4. www.gn.apc.org/acronym/ddo2.htm#T-
0007

Bragin, V., J. Carlson and J. Hill. �Verifying a Fissile Material Production Cut-Off Treaty.� The
Nonproliferation Review 6 (Fall 1998): 97�107.

Chittaranjan, K. �Fissile Material Containment Efforts: An Overview.� Strategic Analysis 20 (July 1997):
623�33.

Coalition to Reduce Nuclear Danger. www.clw.org/pub/clw/coalition/index.html

This comprehensive site contains press releases, issue briefs and links to other sites, all pertaining
to nuclear non-proliferation.

�Coalition to Reduce Nuclear Danger�s Statement of Principles.� Arms Control Today (April 1996):
28�29.

Datt, S. �Fissile Material Cut-Off Treaty: A Critique.� Strategic Analysis 21 (1998): 1685�701.

Fissile Materials Bibliography

Katie Crane is a student at Davidson College (North Carolina), majoring in Political Science and English. Scott
Cantor is majoring in International Studies at Emory University (Georgia). Haynes Cooney is a student at Williams
College (Massachusetts). All three students have recently undertaken internships at UNIDIR.

Compiled by Katie CRANE,
Scott CANTOR & Haynes COONEY



FISSILE MATERIALS: SCOPE, STOCKS AND VERIFICATION

86

two • 1999

www.idsa-india.org/an-feb-7.html

Feiveson, H. The Nuclear Turning Point: A Blueprint for Deep Cuts and De-Alerting of Nuclear Weapons.
Washington, D.C.: Brookings Institution, 1999.

Fetter, S. �Future Directions in Nuclear Arms Control and Verification.� INESAP Information Bulletin
15 (April 1998): 50�54. www.th-darmstadt.de/ze/ianus/inesap/inesap.htm

�Fissile Materials Facts and Figures.� The Bulletin of the Atomic Scientists 53 (May/June 1997): 9.

Infomanage International Web Site. www.infomanage.com/nonproliferation

Provides useful links to nuclear non-proliferation web pages, papers and press releases as well
as background information and reports on the negotiations .

International Atomic Energy Agency Homepage. www.iaea.org

This web site provides a forum for information regarding nuclear materials. The IAEA Bulletin is
available online and contains a searchable index.

Johnson, R. �CD Dominated by Tests and Calls for Nuclear Disarmament and Fissile Material Cut-
Off.� Disarmament Diplomacy 27 (1998): 11�15. www.gn.apc.org/acronym/27genev.htm

Kalinowsi, M. �Fissile Cutoff: Overcoming the Disarmament Deadlock.� INESAP Information Bulletin
13 (July 1997). www.th-darmstadt.de/ze/ianus/inesap/inesap.htm

Khan, H. �The Fissile Material Cut-Off Treaty: Addressing the Issues of an FMCT.� Disarmament 20
(1997): 41�51.

NGO Committee on Disarmament. �Banning Fissile Material for Weapons Production.�
www.igc.apc.org/disarm/95fiss.html

Nuclear Control Institute. www.nci.org/home.htm

This site provides information on nuclear proliferation, with more specific information on
plutonium and uranium management.

Schaper, A. �Fissile Cutoff: Scope and Verification.� INESAP Information Bulletin 14 (Nov. 1997).
www.th-darmstadt.de/ze/ianus/inesap/inesap.htm

United Nations Department for Disarmament Affairs. The United Nations Disarmament Yearbook.
United Nations Publications: New York, 1998. Updated yearly.

United States Government Arms Control and Disarmament Agency. �Fissile Material Production
Cut-Off Treaty (FMCT) Negotiations,� www.acda.gov/fissile.htm

Von Hippel, F. �Paring Down the Arsenal.� The Bulletin of the Atomic Scientists 53 (May/June 1997):
33�40.

Management of Materials

SECURITY, SAFEGUARDS AND MANAGEMENT OF STOCKPILES

Allison, G.T., et al. Avoiding Nuclear Anarchy: Containing the Threat of Loose Russian Nuclear Weapons
and Fissile Material. MA: MIT Press, 1996.



87

two • 1999Bibliography

Amarillo National Resource Center for Plutonium. �A Searchable Library of Plutonium Information.�
http://plutonium-erl.actx.edu

Bukharin, O. �Achieving Safeguards Sustainability in Russia.� The Monitor 4 (Spring/Summer 1998):
24�28. www.uga.edu/cits/pub/monitor.htm

��. �Securing Russia�s HEU Stocks.� Science & Global Security 7 (1998): 311�33.

��. �Upgrading Security at Nuclear Power Plants in the Newly Independent States.� The
Nonproliferation Review 4 (Winter 1997): 28�39.

Carnegie Endowment for International Peace. �Nuclear Successor State to the Soviet Union: Nuclear
Weapons, Fissile Materials, and Export Control Status, Report Number 5.� www.ceip.org/
pubs/pubsnucl.html

Council for a Liveable World Web Site. Arms Control Briefing Book: Arms Control and Security in the
Post-Cold War Era (March 1998). www.clw.org/ef/acbb/acbb1998.html

Doyle, J. �Improving Nuclear Materials Security in the Former Soviet Union: Next Steps for the
MPC&A Program.� Arms Control Today 28 (March 1998): 12�18. www.armscontrol.org/ACT/
march98/doyle.htm

Fischer, D. �New Directions and Tools for Strengthening IAEA Safeguards.� The Nonproliferation
Review 3 (Winter 1996): 69�76.

��. �Safeguards for a World Free of Nuclear Weapons.� INESAP Information Bulletin 14 (Nov
1997). www.th-darmstadt.de/ze/ianus/inesap/inesap.htm

Jenkins, B.D. �Establishing International Standards for Physical Protection of Nuclear Material.� The
Nonproliferation Review 5 (Spring/Summer 1998): 98�110.

Kopte, S., M. Renner and P. Wilke. �The Cost of Disarmament: Dismantlement of Weapons and the
Disposal of Military Surplus.� The Nonproliferation Review 3 (Winter 1996): 33�45.

McGoldrick, F. �US Fissile Material Initiatives: Implications for the IAEA.� IAEA Bulletin (37.1).
www.iaea.org/worldatom/inforesource/bulletin/bulletinv37n1.html

�Physical Protection of Nuclear Materials: Experience in Regulation, Implementation and Operations.�
Conference Proceedings: 10�14 November 1997. www.iaea.org/worldatom/publications/
98pubs/pp98.html

RAND. �Controlling the Flow of Weapons-Usable Fissile Materials.� www.rand.org/publications/RB/
RB7405/

Schaper, A. �Viewpoint: The Case for Universal Full-Scope Safeguards on Nuclear Material.� The
Nonproliferation Review 3 (Winter 1996): 69�80.

Van Moyland, S. �Progress on Protocols: The IAEA�s Strengthened Safeguards Programme.�
Disarmament Diplomacy 27 (1998): 9�10.  www.gn.apc.org/acronym/27proto.htm

Von Hippel, F. �The Department of Energy�s Stockpile Stewardship Program.� Federation of American
Scientists Public Interest Report 50 (1997): 7�9.

SMUGGLING

Orzag-Land, T. �Low-Grade Nuclear Material a Global Threat Too.� The Christian Science Monitor,



FISSILE MATERIALS: SCOPE, STOCKS AND VERIFICATION

88

two • 1999

8 September 1997: 19.

Renssalaer, L. �Smuggling Update.� The Bulletin of the Atomic Scientists 53 (May/June 1997): 52�
56. www.bullatomsci.org/issues/1997/mj97/mj97lee.html

Schaper, A. �Nuclear Smuggling in Europe�Real Dangers and Enigmatic Deceptions; Paper presented
at the Forum on Illegal Nuclear Traffic, Risks, Safeguards and Countermeasures.� Como, Villa
Como, 11�13 June 1997. www.twilight.dsi.unimi.it/~uspid/como97.html

United States Congress�Hearings before Subcommittee on European Affairs on the Committee of
Foreign Relations. Loose Nukes, Nuclear Smuggling, and the Fissile Material Problem in the
Russian Federation. Washington, D.C.: G.P.O., 22 August 1995.

Scientific Debate

PLUTONIUM AND URANIUM MANAGEMENT

�Agreement Reached on International Guidelines for the Management of Plutonium.� INESAP
Information Bulletin 15 (April 1998): 59.

Ahearne, J.F., et al. �Excess Weapons Plutonium: How to Reduce a Clear and Present Danger.� Arms
Control Today (Nov/Dec. 1996): 3�9.

Albright, D.F., F. Berkhout, and W. Walker. Plutonium and Highly Enriched Uranium 1996�World
Inventories, Capabilities, and Policies. Oxford: Oxford University Press, 1997.

Burkharin, O. �The Future of Russia�s Plutonium Cities.� International Security 21 (1997): 127�58.

Federation of American Scientists. www.fas.org/nwp

Lyman, E. �Weapons Plutonium: Just Can It.� The Bulletin of the Atomic Scientists (Nov/Dec. 1996):
48�52.

Macfarlane, A. �Immobilisation of Excess Weapons Plutonium.� INESAP Information Bulletin 13 (July
1997). www.th-darmstadt.de/ze/ianus/inesap/inesap.htm

Makhijani, A. Fissile Materials in a Glass, Darkly: Technical and Policy Aspects of the Disposition of
Plutonium and Highly Enriched Uranium. Maryland: IEER Press, 1995.

Makhijani, A. and A. Seth. �L�utilisation du plutonium militaire comme combustible de réacteur.�
Énergie et Sécurité 3 (1998). www.ieer.org/ieer/ensec/no-3/no3frnch/contents.html

Oi, N. �Plutonium Challenges: Changing Dimensions of Global Cooperation.� IAEA Bulletin 40.7.
www.inforesource/bulletin/bull401/article3.htm

Timerbayev, R. �Solutions to the Problem of Storing and Utilizing Plutonium Are Yet to Be Found.�
The Monitor 3 (Spring 1997): 32�35. www.uga.edu/cits/pub/monitor.htm

Von Hippel, F. �Usability of Reactor-Grade Plutonium in Nuclear Weapons: A Reply to Alex DeVolpi.�
Physics and Society 26 (1997): 10�11. physics.wm.edu/~sher/cju197.html#a1



89

two • 1999Bibliography

DISPOSAL AND CONVERSION

Berkhout, F. �Control and Disposition of Fissile Materials.� INESAP Information Bulletin 13 (July
1997). www.th-darmstadt.de/ze/ianus/inesap/inesap.htm

Bonn International Center for Conversion. Conversion Survey, 1997. Global Disarmament and the
Disposal of Surplus Weapons. Oxford: Oxford University Press, 1997.

Cowell, B.S. and S.A. Hodge. �Fissile Material Disposition Program Light Water Reactor Mixed Oxide
Fuel Irradiation Test Project Plan.� Oak Ridge National Laboratory. www.ornl.gov/etd/FMDP/
pdfs/13419.pdf

Lawrence Livermore National Laboratory of California. �Fissile Materials Disposition.� www.llnl.gov/
nai/ppac/fmd.html

Schweitzer, G.E. Moscow DMZ: The Story of the International Effort to Convert Russian Weapons
Science to Peaceful Purposes. New York: M.E. Sharpe, 1996.

Tucker, J. �Verifying a Multilateral Ban on Nuclear Weapons: Lessons from the CWC.� INESAP
Information Bulletin 14 (Nov. 1997). www.th-darmstadt.de/ze/ianus/inesap/inesap.htm

United States Department of Energy, Office of Fissile Material Disposition Homepage. www.doe-
md.com

Von Meier, A., J.L. Miller and A.C. Keller. �The Disposition of Excess Weapons Plutonium: A
Comparison of Three Narrative Contexts.� The Nonproliferation Review 5 (Winter 1998): 20�
31.

White, V.S. �Availability of Uranium Feed for the Fissile Materials Disposition Program Volume 1.�
Oak Ridge National Laboratory. www.ornl.gov/etd/FMDP/ORNLPublications.html

��. and R.L. Reed. �Availability of Uranium Feed for the Fissile Materials Disposition Program
Volume 2.� www.ornl.gov/etd/FMDP/ORNLPublications.html

Politics

NEGOTIATIONS IN THE CONFERENCE ON DISARMAMENT

Boese, W. �CD Convenes to Work on Fissile Cutoff.� Arms Control Today 28 (Aug/Sept. 1998).
www.armscontrol.org/ACT/augsep98/cdas98.htm

�Canada to Chair Negotiations on a Treaty to Ban the Production of Fissile Material for Nuclear
Weapons.� Department of Foreign Affairs and International Trade. 20 August 1998. www.dfait-
maeci.gc.ca/english/news/press_releases/95_press066eng.htm

�Disarmament Talks Break Stalemate Over Fissile Material Treaty.� Agence France Presse, 11 August
1998, (RECASTS). web.lexis-nexis.com

Gallagher, N.W. The Politics of Verification. Baltimore: Johns Hopkins University Press, 1999.



FISSILE MATERIALS: SCOPE, STOCKS AND VERIFICATION

90

two • 1999

�India to Agree to Ad-Hoc Panel on Fissile Material Treaty.� Agence France Presse, 11 August 1998
(ADDS). web.lexis-nexis.com

Johnson, R. �FMT: Breakthrough at Last in the CD.� www.gn.apc.org/acronym/fmctaug.htm

Karem, M. THE FORUM: Online Nuclear Features Forum Electric Conference, �The Future of the
Conference on Disarmament.� 12�23 January 1998. www.stimson.org/zeronuke/forum/
cd2.htm

�US Calls for Dual Treaties at Geneva Disarmament Conference.� Agence France Presse, 15 May
1997 (ADDS). web.lexis-nexis.com

REGIONAL CONSIDERATIONS OF THE TREATY

Middle East

Brilliant, J. �Israel Agrees to Discuss Nuclear Treaty.� United Press International, 11 August 1998.
web.lexis-nexis.com

Feldman, S. Nuclear Weapons and Arms Control in the Middle East. Cambridge: MIT Press, 1996.

Hammad, H. �Monitoring and Verification of a Middle East Weapons of Mass Destruction.� INESAP
Information Bulletin 14 (Nov. 1997). www.th-darmstadt.de/ze/ianus/inesap/inesap.htm

Steinberg, G.M. �Israel and the Changing Global Non-Proliferation Regime.� Contemporary Security
Policy 16 (1995): 70�83.

Asia

Arnett, E., ed. Nuclear Weapons and Arms Control in South Asia After the Test Ban. Oxford: Oxford
University Press, 1998.

Bunn, G. �Making Progress on a Fissile Material Cut-Off Treaty after the South Asian Tests.� The
Nonproliferation Review 5 (Spring/Summer 1998): 78�83.

Center for the Advanced Study of India. The Future of Nuclear Weapons: A US-India Dialogue: Paper
Abstracts. Wharton Sinkler Conference Center: (5�8 May 1997) sas.upenn.edu/casi/reports/
nuclear/panel1.html

Cordonnier, I. �Towards a Solution to the Nuclear Issue on the Korean Peninsula?� UNIDIR Newsletter
35�36: 40�43.

Diamond, H. �India, Pakistan Respond to Arms Control Initiatives.� Arms Control Today 28 (June/
July 1998): 24.

Garrity, P. �Nuclear Weapons and Asia-Pacific Security: Issues, Trends, and Uncertainties.� National
Securities Studies Quarterly (Winter 1998): 41�79.

Graham, T., Jr. �South Asia and the Future of Nuclear Non-Proliferation.� Arms Control Today 28
(1998): 3�6.



91

two • 1999Bibliography

Gronlund, L., D. Wright and L. Yong. �The China Card: Will China Agree to Cut Off Fissile Material
Production?� Nucleus 17 (Summer 1995). www.ucsusa.org/Nucleus/95sum..chinacard.html

Johnson, R. �The Non-Proliferation Regime in Disarray.� INESAP Information Bulletin 16 (Nov. 1998).
www.th-darmstadt.de/ze/ianus/inesap/inesap.htm

Kurosawa, M. �Nuclear Weapons and Nuclear Energy in North-East Asia: Future Prospects and
Dilemmas.� UNIDIR Newsletter 35�36: 34�40.

Leventhal, P. �Ruminations on Indian and Pakistani Nuclear Test.� The Monitor 4 (1998): 3�5.
www.uga.edu/cits/pub/monitor.htm

�Pakistan Agrees to Talks on Nuclear Fissile Material Treaty.� Agence France Presse, 30 July 1998.
web.lexis-nexis.com

�Pakistan Rejects Unilateral Moratorium on Fissile Material.� AP Worldstream 26 December 1998.
web.lexis-nexis.com

�Pakistan Rules out Unilateral Move to Eschew Nuclear Weapons.� Agence France Presse 12 December
1998. web.lexis-nexis.com

�PRC Official Outlines China�s Nuclear Policy.� Armed Forces Newswire Service, 14 January 1999.
web.lexis-nexis.com

Schmemann, S. �Israel Clings to �Nuclear Ambiguity�� The New York Times, 21 June 1998: A6.

Shen, D. �Promoting Nuclear Nonproliferation: A Chinese View.� The Monitor 4 (1998): 40�42.
www.uga.edu/cits/pub/monitor.htm

Europe and the Russian Federation

Boniface, P. Repenser la dissuasion nucléaire. La Tour d'Aigues: Editions de l�Aube, 1997.

Kostev, G.G. Nuclear Safety Challenges in the Operation and Dismantlement of Russian Nuclear
Submarines. Moscow: Committee for Critical Technologies and Non-Proliferation, 1997.

McCausland, J.D. �NATO and Russian Approaches to �Adapting� the CFE Treaty.� Arms Control Today
27 (1997): 12�18.

Müller, H., ed. Europe and Nuclear Disarmament: Debates and Political Attitudes in 16 European
Countries. Brussels: European Interuniversity Press, 1998.

�Nuclear Successor States of the Soviet Union: Status Report on Nuclear Weapons, Fissile Material,
and Export Controls.� The Monterey Institute of International Studies and the Carnegie
Endowment for International Peace, March 1998.

Synchou, A. �Status of the Initiative to Create a Nuclear-Weapon-Free Zone in Central and Eastern
Europe.� The Monitor 4 (1998): 20� 23. www.uga.edu/cits/pub/monitor.htm

BILATERAL DISCUSSIONS

Cerniello, C. �U.S., Russia Sign Agreements on Plutonium-Producing Reactors.� Arms Control Today



FISSILE MATERIALS: SCOPE, STOCKS AND VERIFICATION

92

two • 1999

27 (Sept. 1997): 28.

Daily Washington File. �Text: Amb. Grey Remarks at Conference on Disarmament.� 9 September
1998. www.usis.it/wireless/WF980908/98090807.HTM

Kinzer, S. �US Agents Whisk Atom Bomb from an Ex-Soviet Land.� The New York Times, 24 April
1998: A7.

CD Documents

Conference on Disarmament. Report of the Conference on Disarmament to the General Assembly
of the United Nations. 1998 Session. www.unog.ch/frames/disarm/curdoc/1557.htm

United Nations Conference on Disarmament. Documents of the Conference on Disarmament.
January�August 1998. www.unog.ch/frames/disarm/curdoc/curdoc98.htm

United Nations Conference on Disarmament. www.unog.ch/frames/disarm/disconf.htm

United Nations Office Geneva press releases on disarmament issues. www.unog.ch



The Costs of Disarmament

In order to present the cost-benefit analysis of disarmament, UNIDIR proposes to take key
countries as examples and carefully research what their commitments to disarmament treaties means
to them in terms of financial and resource costs. In addition, the project will try to ascertain what
each country perceives are the benefits brought to them through their participation in the agreements
and whether there is consensus that there is a net gain to the state in question. The aim of the project
is to achieve a better understanding of the costs and benefits of disarmament agreements with a view
to assisting policy-makers to decide how money is spent on such commitments, which budget lines
are best structured to handle such spending and how states could approach this aspect of negotiations
in the future.

If you would like more information, please contact:

Jackie Seck
Project Coordinator
Tel.: (+41 22) 917 11 49
E-mail: jseck@unog.ch

Forming a North-South Alliance to Address Current Problems of
Biological Warfare and Disarmament

The first conference of this project, "Biological Warfare and Disarmament: Problems, Perspectives,
and Possible Solutions," held at the Palais des Nations in July 1998, brought together people with a
wide range of academic and career backgrounds � scholars in international law, political science,
economics, history and the biological sciences, members of non-governmental organizations committed
to disarmament and the peaceful development of the biological sciences, and specialists on the
Biological Weapons Convention � to address current dimensions of the biological warfare problem.
A goal of the conference was to achieve broad geographical, and especially non-western representation

UNIDIR ACTIVITIES

All correspondence can be addressed to UNIDIR, A.570, Palais des Nations, 1211 Geneva 10, Switzerland. The
Institute�s fax number is (+41 22) 917 0176.
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and to provide a space where non-western perspectives could be seriously presented and discussed.
The conference ranged broadly over the history and politics of biological warfare and disarmament,
encompassing such questions as the recent history of biological warfare, the impacts of the United
Nations Special Commission inspections of Iraq and their implications for the biological weapons
regime, the influence of the pharmaceutical and biotechnology industries on the regime, and the role
of nuclear weaponry in shaping the regime. These questions are also explored in a forthcoming
symposium, drawing on selected conference papers, to be published in the March 1999 issue of
Politics and the Life Sciences.  More general legal, political and social dimensions of the biological
warfare problem will be addressed in a book in progress. The project is supported by the John D. and
Catherine T. MacArthur Foundation, the Ford Foundation, the New England Biolabs Foundation and
the University of Michigan.

For further information, please contact:

Susan Wright
Senior Research Fellow
Tel.: (+41 22) 917 16 15
E-mail: swright@unog.ch

Peace-keeping in Africa: Meeting the Growing Demand

This project examines current efforts to develop African capacities to undertake peace-keeping
and peace enforcement operations. The project will analyze the reasons for the United Nations
Security Council�s growing tendency to sub-contract the promotion of peace and security to others
and will pay particular attention to regional and sub-regional organizations. It will also review Western
and African attempts to make �burden-sharing� work and propose policies to strengthen peace-
keeping in Africa. Particular attention will be paid to capacity-building efforts of the United Nations
and regional and sub-regional organizations. UNIDIR will publish the project�s conclusions as a
monograph.

For more information, please contact:

Katie E. Sams
Research Fellow
Tel.: (+41 22) 917 12 93
E-mail: ksams@unog.ch

South Asia Discussion Meetings

On 7 and 8 September 1998, UNIDIR held a private, off-the-record meeting on The Implications
of South Asia�s Nuclear Tests for the Non-proliferation and Disarmament Regimes. This �track one
and a half� meeting was designed to address the needs of policy makers � governmental and non-
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governmental agents � in their assessment of the impact of the nuclear-weapons tests carried out by
India and Pakistan in May 1998. The governments of Australia, Denmark, Italy, Norway, New Zealand
and the United States generously sponsored the meeting. A full summary of the proceedings has
been produced by UNIDIR and is also available online.

In order to facilitate dialogue about the ways that trust can be built within the relationships in
South Asia, UNIDIR held a private, off-the-record discussion meeting on 23 and 24 November
1998. Experts and practitioners from Asia, Asia-Pacific, Africa, Europe, Latin America, the Middle East
and North America participated in this meeting, which considered the current situation of trust and
confidence-building measures (TCBMs) in South Asia, experiences from other regions, and looked at
ways that TCBMs in South Asia could be further strengthened and developed. A full summary is
currently under preparation.

If you would like more information, please contact:

Jackie Seck
Project Coordinator
Tel.: (+41 22) 917 11 49
E-mail: jseck@unog.ch

The Transfer of Dual-Use Outer-Space Technologies:
Confrontation or Cooperation?

The right of every state to develop outer-space technologies, such as launching capabilities,
orbiting satellites, planetary probes or ground-based equipment, is in principle unquestionable. In
practice, however, problems arise when technology development approaches the very fine line between
civil and military applications, largely because most of the technologies can be used for dual purposes.
This dichotomy has raised a series of political, military and other concerns that affect the transfer of
outer-space technologies in different ways, particularly between established and emerging space-
competent states. Accordingly, for many years several states have sought ways to curb the transfer of
specific dual-use outer-space technologies, specifically launcher technology, while still allowing some
transfer of these technologies for civil use. The results of this research will be published by UNIDIR.

For more information, please contact:

Jackie Seck
Project Coordinator
Tel.: (+41 22) 917 11 49
E-mail: jseck@unog.ch
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Study Group on Ammunition and Explosives

The Panel of Governmental Experts on Small Arms, which was established on 12 December
1995 by General Assembly resolution 50/70 B, delivered its report to the Secretary-General in July
1997. One of the recommendations of this report stated that �The United Nations should initiate a
study on the problems of ammunition and explosives in all their aspects.� Following this
recommendation, a Study Group on Ammunition and Explosives was established by the Secretary-
General pursuant to operative paragraph 3 of resolution 52/38J on �Small Arms�. This group, chaired
by Ms. Silvia Cucovaz (Argentina) held its first meeting at the invitation of the Department of
Disarmament Affairs in New York on 27 April�1 May 1998. Two of the eight members of the Study
Group are from UNIDIR: Dr. Christophe Carle and Lt.Col. Ilkka Tiihonen.

The Group�s task is to assist in the preparation of the Secretary-General�s report, to be submitted
to the 54th session of the General Assembly.  The final report is expected to be ready in summer
1999 prior to the opening of the General Assembly.

For more information, please contact:

Dr. Christophe Carle
Deputy Director
Tel.: (+41 22) 917 17 93
E-mail: ccarle@unog.ch

Uses of Commercial Satellite Technology in the Middle East

UNIDIR and the Cooperative Monitoring Center at Sandia National Laboratories recently co-
hosted a workshop on the potential uses of commercial satellite imagery for promoting peace and
development in the Middle East. The participants explored three main areas where remote sensing
technology might be employed: arms control, economic development, and environmental and natural
resources.

A monograph summarizing the trends of the discussions and giving an analysis of the potentials
of remote sensing technology for building peace and economic development in the Middle East is
underway.

For more information, please contact:

Kerstin Hoffman
Disarmament Forum
Tel.: (+41 22) 917 15 82
E-mail: dforum@unog.ch
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Peace-building and Practical Disarmament in West Africa:
Stimulating National Research

Under the heading of disarmament, development and conflict prevention, UNIDIR is currently
developing a number of initiatives to promote peace and security in West Africa. UNIDIR�s work in
this region began with a conference co-hosted with the United Nations Development Programme
(UNDP) in Bamako, Mali, in November 1996. The Government of the United Kingdom has generously
contributed to this project.

For more information, please contact:

Robin Poulton
Senior Research Fellow
Tel.: (+41 22) 917 11 44 or 11 49
E-mail: rpoulton@unog.ch

UNIDIR Handbook on Arms Control

UNIDIR is producing a handbook that will explain the major concepts and terms relating to
arms control. The handbook will be used as both a primer for an audience with limited familiarity
with arms control and as a reference for students, scholars, diplomats and journalists who are more
experienced in arms control matters.

The handbook will be organized as a thematically structured glossary of approximately 200
terms relating to arms control. Each term is situated within its wider context so that, on the one hand,
a specific term can be looked up quickly, and on the other hand, an entire issue can be covered.
Cross-references to other terms and concepts will point the reader to relevant related issues. The
researcher designing and drafting the handbook will be assisted by an editorial committee consisting
of regional and arms control experts.

The handbook is expected to be published in 1999, in English and Arabic. It might be translated
into other languages at a later stage.

For more information, please contact:

Steve Tulliu
Editor
Tel.: (+41 22) 917 15 98
E-mail:  stulliu@unog.ch
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Geneva Forum

Together with the Programme for Strategic and International Security Studies of the Graduate
Institute of International Studies and the Quaker United Nations Office, UNIDIR organizes an ongoing
discussion series called Geneva Forum. Geneva Forum is an occasional seminar held at the Palais des
Nations that addresses contemporary issues in arms control and disarmament. The series targets the
local missions and organizations in an effort to disseminate information on a range of security and
disarmament topics.

The series seeks to act as a bridge between the international research community and Geneva-
based diplomats and journalists. Thanks to the generous support of the Government of Switzerland,
Geneva Forum focuses on issues related to small arms and light weapons. Invited speakers will deal
with specific thematic and/or regional dimensions of the issue.

If you would like more information about Geneva Forum, please contact:

Jackie Seck
Project Coordinator
Tel.: (+41 22) 917 11 49
E-mail: jseck@unog.ch
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In 1998, on the basis of the Shannon Mandate, the Conference on Disarmament (CD) established
an ad hoc committee for negotiating a fissile materials treaty. The treaty is intended to achieve a ban
on the production of fissile materials for military purposes in a non-discriminatory, multilateral and
internationally verifiably manner. Stocks of fissile materials have accrued transnationally due to
armament and disarmament processes, as well as to civil uses of nuclear power. However, very little
is known in the public domain about the nature, size and whereabouts of such stocks, and the
complexities surrounding their regulation and control. UNIDIR�s report on fissile material stocks
seeks to begin to redress this problem by providing factual background information on all of these
important matters. The report categorizes and quantifies fissile material stocks, and examines the
measures which have heretofore been developed regarding their control and management. The
report also includes an overview of broad policy options available to states in addressing the stocks
issue, which could prove valuable in informing negotiations in the CD.

Fissile material stocks: function, scale and distribution

Characterization by type of inventory

The scale, type and location of fissile material stocks

Measures relating to fissile material stocks: recent developments

Military inventories: continuing absence of international regulation

Transitional inventories: towards regulation and disposition

Civil inventories: the extension of transparency

Policy strategies and options

Stocks and the FMT: possible diplomatic approaches

Possible measures for reducing risks posed by fissile material stocks

Fissile materials and their production processes

International safeguards and physical protection

William Walker & Frans Berkhout

Sales no. GV.E.99.0.15
ISBN 92-9045-131-9

Fissile Material Stocks: Characteristics,
Measures and Policy Options
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United Nations peace operations have a tradition of several decades, and their scope and
importance has increased markedly since the end of the Cold War. Peacekeeping operations, both
of the traditional and the extended type, comprise monitoring tasks as a central part of their mandates.
Agreements or resolutions, whether they demand withdrawal behind a cease-fire line, keeping a
buffer zone demilitarized, or banning heavy weapons in control zones or safe havens, require that
compliance is checked reliably and impartially. The more comprehensive the monitoring, the more
likely the compliance. In practice, however, monitoring duties often require the surveillance of such
large areas that United Nations peacekeeping units cannot provide continuous coverage. Thus,
peacekeeping personnel are permanently deployed only at control points on the roads or areas
deemed most sensitive. Minor roads and open terrain are covered by spot-check patrols. This creates
many opportunities for infractions and violations.

Unattended ground sensor systems allow all this to change. Unattended ground sensors are
suited to permanent, continuous monitoring. They can be deployed at important points or along
sections of a control line, sense movement or the presence of vehicles, persons, weapons, etc. in
their vicinity and signal an alarm. This alerts peacekeepers in a monitoring centre or command post,
who can send a rapid-reaction patrol immediately to the site to confront the intruders, try to stop
them, or at least document the infraction unequivocally.

Unattended ground sensor systems generally have not been used in peace operations. Thus,
the wider introduction of unattended ground sensor systems in future United Nations peace operations
requires fresh study from operational, practitioner, system design and legal perspectives. Sensors for
Peace is an excellent first look at this timely issue.

Introduction � Jürgen Altmann, Horst Fisher and Henny J. van der Graaf
The Use of Unattended Ground Sensors in Peace Operations � Henny J. van der Graaf
Questionnaire Answers Analysis � Willem A. Huijssoon
Technical Potentials, Status and Costs of Ground Sensor Systems � Reinhard Blumrich
Maintaining Consent: The Legality of Ground Sensors in Peace Operations � Ralph Czarnecki
Conclusions and Recommendations � Jürgen Altmann, Horst Fisher & Henny J. van der Graaf

Jürgen Altmann, Horst Fischer and Henny J. van der Graaf
Editors

Sales No. GV.E.98.0.28
ISBN 92-9045-130-0

Sensors for Peace
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Non-offensive defence (NOD) emerged as a proposed remedy to the military security problems
of East and West during the latter part of the Cold War. Grounded in the notion of �cooperative
security�, NOD is premised on the postulate that states in the international system are better off
pursuing military policies which take account of each other�s legitimate security interests than they
are in trying to gain security at each others� expense. Competitive military policies which seek to
achieve national security through a build-up of national military means, may well be counter-
productive and leave states more insecure. Seeking to procure national military security through a
build-up of national armaments raises suspicions as to the purpose of these armaments, which in
turn trigger countervailing armament efforts which ultimately lower the level of security for all. By
making the defence of domestic territory the sole and clear objective of national military policies,
NOD aims to strike a balance between the imperatives of ensuring adequate national military security
and of avoiding provocation.

NOD aims towards national military defences strong enough to ensure adequate national
military security, but not strong enough to be seen as threatening by others. The provision of adequate
yet non-threatening military defence can be highly useful in a region such as the Middle East where
political and military confrontations are inextricably linked, and where political settlement in the
absence of military security is inconceivable. In the Middle East, NOD could reduce prevailing
military tensions and open the way for broader political arrangements on the future of the region.

The introduction of NOD in the Middle East, would not require that all Middle Eastern states
adopt the same NOD model. Rather, each Middle Eastern state can select the particular NOD
model most suitable to its requirements. Most NOD models are suitable for most Middle Eastern
states, though particular models may be better suited to different states.

Non-Offensive Defence in the Middle East � Bjørn Møller
Non-Offensive Defence in the Middle East: Necessity versus Feasibility � Ioannis A. Stivachtis
Cooperative Security and Non-Offensive Defence in the Middle East � Gustav Däniker
Non-Offensive Defence and its Applicability to the Middle East: An Israeli Perspective �
   Shmuel Limone

Bjørn Møller, Gustav Däniker, Shmuel Limone and Ioannis A. Stivachtis

Sales No. GV.E.98.0.27
ISBN 92-9045-129-7

Non-Offensive Defence
in the Middle East?
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On 7 and 8 September 1998, UNIDIR held a private, off-the-record meeting on The Implications
of South Asia�s Nuclear Tests for the Non-proliferation and Disarmament Regimes. This �track one
and a half� meeting was designed to address the needs of policy makers � governmental and non-
governmental agents � in their assessment of the impact of the nuclear-weapons tests carried out
by India and Pakistan in May 1998. The governments of Australia, Denmark, Italy, Norway, New
Zealand and the United States generously sponsored the meeting.

More than fifty people from over twenty-five countries attended the conference. Each participant
attended in his or her personal capacity as an expert and not as a representative of a country or a
NGO. At the end of this two-day meeting, there was general agreement among participants that
neither India nor Pakistan had enhanced its own security or international status by conducting the
tests, but that the risk of nuclear war in the region is now greater. Also, it was recognized that the
NPT and the CTBT had been in difficulty prior to the tests, although they remained the best solutions
available to reduce potential for further conflict and therefore remained crucial. Finally, many
participants expressed their concern that if India and Pakistan were rewarded in any way for
demonstrating their nuclear capabilities, this may cause some NPT members to reassess their
membership in the regime.

International response to the nuclear tests in South Asia was inadequate: there is a need for
more coherent and collective action. Participants focused on practical suggestions to policy makers
to reduce the risk of war; to save the non-proliferation and nuclear arms control regimes; and to
anticipate the effects of the tests on areas of regional tensions, particularly the Middle East.

The Responses to the Tests

Causes of the Tests

Consequences of the Tests

Regional Security

Consequences for Non-Proliferation and Disarmament

Damage Limitation

Developing the Non-Proliferation and Disarmament Agenda

Conclusions and Policy Options

Main Summary

Prevention of Nuclear War

Saving the Non-Proliferation and Arms Control Regimes

The Effects on Regional Tensions, Especially in the Middle East

GE.99-00415
UNIDIR/99/2

The Implications of South Asia�s Nuclear Tests for
Non-proliferation and Disarmament Regimes
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Mali is admired for two recent accomplishments. The first is the country�s transition to democracy,
which took place in 1991�1992. This effort included the overthrow of Moussa Traoré�s twenty-
three year military dictatorship on 26 March 1991 � a process of military and civilian collaboration
which fostered national reconciliation, a referendum for a new constitution, and elections which
brought to power Mali�s first democratically elected president, government and legislature. The
second achievement is the peacemaking between the Government of Mali and the rebel movements
in the northern part of the country: this process successfully prevented the outbreak of civil war and
presents useful lessons in preventive diplomacy for the international community. The peacemaking
culminated in a ceremony known as the Flame of Peace, when rebel weapons were incinerated in
Timbuktu on 27 March 1996. This study of the events surrounding the uprisings in the North of Mali
and the measures which restored peace (and those which will maintain it) is the result of a collaboration
between the United Nations Development Programme and the United Nations Institute for
Disarmament Research.

This peace process was remarkable for the way in which the United Nations agencies were
able to help, discreetly dropping oil into the machinery of peacemaking. For a cost of less than $1
million, the United Nations helped the Malians to avoid a war, and lit the Flame of Peace. With less
than $10 million, the United Nations became the leading partner of Mali�s Government and civil
society, in peace-building, disarming the ex-combatants and integrating 11,000 of them into public
service and into the socio-economy of the North through a United Nations Trust Fund. The experience
shows that not only is peacemaking better than peace-keeping, but that it is much cheaper.

A Peace of Timbuktu includes in-depth coverage of the following topics:

• Mali�s History and Natural Environment

• The Build-up to the Crisis in Northern Mali

• The Armed Revolt 1990�1997

• Peacemaking and the Process of Disarmament

• The International Community as a Catalyst for Peace

• Ensuring Continued Peace and Development in Mali

• The Flame of Peace Burns New Paths for the United Nations

United Nations Secretary-General Kofi Annan has written the preface. The book includes
maps, texts of relevant documents and laws, and a bibliography, as well as photographs by the
authors and peace drawings by the children of Mali.

Robin Edward Poulton and Ibrahim ag Youssouf

Sales No. GV.E.98.0.3
ISBN 92-9045-125-4
Soon to be available in French

A Peace of Timbuktu: Democratic Governance,
Development and African Peacemaking
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The establishment of nuclear-weapon-free zones (NWFZs) through the  initiative of regional
parties, approved by the United Nations General Assembly, and endorsed by the relevant external
states, is an important contribution to non-proliferation, disarmament and, above all, to international
security.

Jointly with OPANAL (The Organization for the Prohibition of Nuclear Weapons in Latin America
and the Caribbean) and the Government of Mexico, UNIDIR convened an international seminar on
�Nuclear-Weapon-Free Zones in the Next Century� in Mexico City on 13�14 February 1997 � the
thirtieth anniversary of the Treaty of Tlatelolco�s opening for signature. This book analyzes the role
of the Treaty of Tlatelolco as the first effective expression of a NWFZ in a densely inhabited part of
the globe. It also covers other NWFZs (existing or proposed). The relationship between NWFZs and
peace processes, as well as cooperation among existing NWFZs, is also noted.

Towards the Consolidation of the First NWFZ in the World � Sergio González Gálvez
Precursor of Other NWFZs � Enrique Román-Morey
Tlatelolco and a Nuclear-Weapon-Free World � William Epstein
Actual Projection of the Treaty of Tlatelolco � Jorge Berguño Barnes
Major Paradigms of International Relations � Luis Alberto Padilla
Precedents and Legacies: Tlatelolco�s Contribution to the 21st Century � John R. Redick
The Treaty of Rarotonga � Makurita Baaro
The Pelindaba Treaty � Isaac E. Ayewah
The Bangkok Treaty � Arumugam Ganapathy
A Nuclear-Weapon-Free Space in Central and Eastern Europe � Alyaksandr Sychou
A Possible NWFZ in Central Europe � Michael Weston
NWFZ in the Middle East � Nabil Elaraby
Middle East: Future Perspectives � Yitzhak Lior
Central Asia: Future Perspectives � Jargalsaihan Enkhsaikhan
Denuclearization Efforts on the Korean Peninsula � Seo-Hang Lee
South Asia and the Korean Peninsula � Kim Chan Sik
Towards the Zero Option in Nuclear Weapons? � Thomas Graham, Jr.
A World Free of Nuclear Weapons in the Year 2020 � Antonio de Icaza
The Role Carried Out by the Zones Exempt from Nuclear Arms � Joëlle Bourgois
Strengthening of OPANAL: New Challenges for the Future � Héctor Gros Espiell

Péricles Gasparini Alves and Daiana Belinda Cipollone
Editors

English Sales No. GV.E.97.0.29 ISBN 92-9045-122-X
Spanish Sales No. GV.S.97.0.29 ISBN 92-9045-124-6

Nuclear-Weapon-Free Zones
in the 21st Century
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The European security landscape is undergoing a profound transformation at present, and
there is an increasing need to improve mutual understanding of regional security issues in a rapidly
changing world. Institutes and related organizations working in the field of international security
have an important role to play in this regard.

This book contains a forward-looking appraisal of how information technology can best serve
institutes and the security dialogue. It addresses issues such as how to promote concrete cooperation
between research institutes in Europe and North America. Of particular importance is the appraisal
of present and prospective demands for cooperative ventures between and among institutes in
Europe, the United States and Canada. It also provides insight on how to put together intellectual,
human, material and financial resources to foster cooperation, notably in the identification of partners,
information needs, connectivity issues and fund-raising strategies. In this respect, a number of
innovative recommendations are made in a plan of action to increase cooperation in the late 1990s
and well into the next millennium.

Assessing Partnership Initiatives � Andreas Wenger & Stephan Libiszewski
Identifying the Needs of International Organizations � Anthony Antoine & Gustaaf Geeraerts
Increasing Interregional Exchanges and Partnerships � Seyfi Tashan
Information Needs and Information Processing in International Security � Gerd Hagmeyer-Gaverus
A New Approach to Conflict Prevention and Mediation Processes � Albrecht A. C. von Müller
A European Information Network on International Relations and Area Studies � Dietrich Seydel
Appraising the Status of East/West Connectivity Problems � Zsolt Pataki
The Need to Improve Basic East-West Computer Equipment and Supplies � Christoph Reichert
Connectivity Issues: Political and Financial Constraints � Edward Ivanian
American and European Foundations: A Stock-Taking � Mary Lord
Assessing International Grant Making by US Foundations � Loren Renz
European Fund-Raising: Innovative Cooperation Schemes � Xavier Pacreau
Assisting the Development and Consolidation of Democratic Security � Francis Rosentiel
Preparing Tomorrow�s Research Establishments � István Szönyi
Joint Research Activities: The Bulgarian Experience � Sonia Hinkova

Péricles Gasparini Alves
Editor

Sales No. GV.E.97.0.23
ISBN 92-1-100759-3

Increasing Access to Information Technology
for International Security
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This book comprises papers by fourteen international experts from the diplomatic, military and
academic communities in which they identify tomorrow�s key technologies in both weapon systems
and components, particularly emerging technologies that may become objects of control and
constraint eight to ten years hence. This includes conventional weapons and weapons of mass
destruction, but special attention is also given to sensor technologies and technologies for the
collection, processing and dissemination of information. The authors attempt to identify cooperative
technology transfer controls which are likely to forge new approaches to solve old problems. In this
connection, the book presents imaginative and challenging ideas as regards the relationship between
technology supplier and recipient states. This publication is essential to those who are interested in
following the trends in the transfer of sensitive technologies in the next decade, as well as those
concerned with the political and diplomatic issues related to such developments.

Foreword � General Alberto Mendes Cardoso
Major Weapon Systems � Ravinder Pal Singh
Chemical and Biological Weapons � Graham S. Pearson
Nuclear Weapons � Mark Goodman
Emerging Sensor Technology: Technology Transfer and Control � Leonard John Otten III
The Transfer of Space Technology � Masashi Matsuo
Impacts of the �Information Revolution� � Jeffrey R. Cooper
Chemical, Biological and Nuclear Weapons Enabling Technology � Michael Moodie
Launchers and Satellites � Mario Sciola
The Need to Ensure Technology Transfer � Jasjit Singh
Prospective Technology Transfer Controls � Alain Esterle
The Role of Intelligence Services � Rodrigo Toranzo
Intelligence Services and Non-Proliferation Control Instruments � the Brazilian Intelligence Service
The Export/Import Monitoring Mechanism (EIMM) � Frank R. Cleminson
Summary and Conclusions � Sverre Lodgaard
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This book illustrates that illicit trafficking affects both the stability of states and the safety of
their populations. There are no national or regional boundaries delimiting this type of traffic: the
problem is truly global and has multifaceted ramifications. Curbing its further development and
proliferation calls for a better assessment of the phenomenon and a new way of looking at problems
and identifying solutions. In a world of growing interdependence, one of our greatest challenges
today is making bold decisions establishing new priorities and starting innovative cooperative ventures,
while changing old ways of thinking and working.

Issues and Aspects � Jasjit Singh
Weapons of Mass Destruction � Alfredo Luzuriaga
Trafficking in Delivery System Technologies and Components � Genaro Mario Sciola
Small Arms, Drugs and Terrorist Groups in South America � Silvia Cucovaz
Central America and Northern South America � Daniel Ávila Camacho
The Role of Manufacturers and Dealers � Carlos Fernández
National and International Initiatives � Wilfrido Robledo Madrid
African and European Issues � Stefano Dragani
Small Arms Trafficking, Drug Trafficking and Terrorism � Antonio García Revilla
The Role of Arms Manufacturers and Traffickers � Rubén José Lorenzo
Developing New Links with International Policing � Donald Manross
Border Patrols and Other Monitoring Systems � Julio César Saborío A.
The Role of State � Swadesh Rana
Nuclear Materials and Vector Components � Olivier Mahler
Nuclear/Radioactive Substances � Hiroaki Takizawa
Illicit Trafficking in Nuclear Material � Pedro Villagra Delgado
Illicit Trafficking in Chemical Agents � Masashi Matsuo
Prospects and Strategies � Louise Hand
Awareness and Access to Biological Weapons �  Malcolm Dando
Strengthening the Convention on Biological and Toxic Weapons � Louise Hand
The Role of Intelligence Services � José Athos Irigaray dos Santos
The Role of Export Controls in Addressing Proliferation Concerns � Sergei Zamyatin
Control Regimes for Toxic Chemicals and Pathogens �  Malcolm Dando & Graham S. Pearson
Using Satellites to Track and Monitor Illicit Traffic � Panaiotios Xefteris & Maurizio Fargnoli
The Situation in Latin America � Marta Parodi
Other Regions in Perspective � Isabel Sarmiento
Strengthening International Cooperation � Patricia Salomone
Nuclear Issues � María José Cassina
Chemical and Biological Agents � Eduardo Duarte
A New Agenda for Control Regimes? � Luis Alberto Padilla
Final Recommendations � Eduardo Pelayo, Péricles Gasparini Alves & Daiana Belinda Cipollone
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This book sets out to clarify some of the prerequisites and modalities of a confidence-building
process in outer space. It is the result of efforts undertaken by several experts on outer space matters
who examine the role of earth-to-space monitoring in enhancing the safety of outer space activities
and preventing the deployment of weapons in that environment. The book concludes by proposing
the creation of an International Earth-to-Space Monitoring Network (ESMON) as the most appropriate
means to improve both transparency and predictability in outer space activities.

Preface � Sverre Lodgaard
Confidence-Building Measures and Outer Space � Frank Ronald Cleminson
Monitoring Outer Space Activities � Ralph Chipman & Nandasiri Jasentuliyana
CSBMs and Earth-to-Space Tracking: Existing Proposals � Laurence Beau
CSBMs in Outer Space: Some Political Considerations � Edmundo Sussumu Fujita
Artificial Satellites and Space Debris � Paolo Farinella
Rocket Launches � Péricles Gasparini Alves
Command and Control of Artificial Satellites � Fernand Alby
Radio Tracking and Monitoring: Implications for CSBMs � Péricles Gasparini Alves & Fernand Alby
Laser Systems for Optical Space Observation -� Janet S. Fender
Monitoring CSBMs � Alexandr V. Bagrov
Radar/Interferometry and CSBMs in Outer Space � Wayne H. Cannon
Applying CSBMs to the Outer Space Environment � Péricles Gasparini Alves
Monitoring Scenarios for Different CSBMs in Outer Space � Péricles Gasparini Alves
Establishing an Earth-to-Space Monitoring Network � Péricles Gasparini Alves
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Earth-observation, global-positioning, communications and other satellite data are playing
increasingly important roles in international security events. This book evolved from discussions by
various experts in different areas of satellite technology and applications who met to debate the
evolution and implications of such dual-use events. Particular emphasis has been given to providing
an understanding of the policy orientation of space agencies and private companies both in traditional
and emerging space-competent states. Moreover, the book aims at improving the knowledge of
manufacturers, suppliers, users and experts of each others� capabilities and possibilities for cooperation.
In this context, attention has been directed to a discussion on the different technical and financial
aspects of satellite R&D, as well as the present and prospective markets for satellite data, particularly
tomorrow�s dual use of satellites.

Satellite Capabilities of Traditional Space-Competent States � Masashi Matsuo
Satellite Capabilities of Emerging Space-Competent States � Gerald M. Steinberg
Current and Future Remote Sensing Data Markets � Arturo Silvestrini
Prevention of, Preparedness for and Relief of Natural Disasters � Olavi Elo
Satellite Data and Man-Made Events � Giovanni Cannizzaro & Paolo Cecamore
New Civil Applications of Satellite Data � Kiran Karnik
The Argentinean Space Programme � Mario Sciola
Conflict Prevention and Crisis Management � D. Ignacio Barbudo Escobar
Verification of Arms Limitation and Disarmament Agreements � Claude Jung
Prospective Military Roles for Satellite Technology � John E. Pike
The Romanian Space Programme � Ion Plaviciosu
Dual-Use Satellite Systems: Practical Applications and Strategic Views � Stanislav Rodionov
Policy Orientations of Traditional Space-Competent States � Jean-Daniel Levi
Policy Orientations of Emerging Space-Competent States � Luiz Gylvan Meira Filho
Economic Interests and Military Space Systems � Scott Pace
Regional Organizations: Diverging or Converging Policies? � Horst Holthoff
The Role of the United Nations Beyond a Discussion Forum � Pierce S. Corden
UNISPACE III: An Expression of Diplomacy for Development � Raimundo Gonzalez Aninat
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