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INMM OUTGOING PRESIDENT’S MESSAGE

A Word of Thanks from INMM'’s Outgoing President

This is my last
note to you as pre-
sident of INMM.
The past two years
have passed very
quickly for me.
We experienced
the tragedy of
: September 11,
2001, the war on terrorism, and a
slowdown in the economy. For me it
has been a busy and exciting time. I
have spent most of this period in
Washington, D.C., serving as a technical
advisor to the Director of the DOE/
NNSA Office of International Material
Protection and Cooperation.

INMM had a very successful fiscal
year 2001 and everything indicates that
fiscal year 2002 also will be a success.
The positive position in fiscal year 2001
was due in part to the highly successful
INMM nparticipation in the PATRAM
Symposium held in early September
2001 in Chicago and the INMM Annual
Meeting in Indian Wells, California, in
July 2001. INMM has agreed to con-
tinue to be involved in future PATRAM
meetings.

We have established a sound finan-
cial basis to sustain the technical serv-
ices to our membership and the larger
international nuclear materials manage-
ment community.

A draft of a new INMM strategic plan
has been developed and we seek your
input as we finalize it. A meeting will be
held June 26, 2002, during the Annual
Meeting for members to offer sugges-
tions. One of our goals is to make the
INMM more meaningful to students and
those new to the nuclear materials man-
agement field. A student and his profes-

sor are attending the annual meeting this
year as guests of the Southwest Chapter.
In addition, four other student papers will
be presented in various sessions. Please
look for these papers and give these stu-
dents encouragement.

I would like to express my gratitude
to some of the invaluable volunteers
who continue to make significant contri-
butions to the Institute. Secretary Vince
DeVito and Treasurer Bob Curl deserve
special recognition. They have a vast
store of management expertise and insti-
tutional knowledge that provides the
solid foundation of the INMM. Their
presence ensures continuity of knowl-
edge and a smooth transition during the
periodic changes in the Executive
Committee. Without their support and
guidance, incoming presidents would
find the challenge significantly more
difficult. Thanks as well to Past
President Debbie Dickman for her con-
tinued support of the INMM. Her interest
in the long-term future of INMM and
willingness to keep our operations man-
ual current is extremely valuable to all
who participate in the official activities
of the Institute. I am also grateful to you,
the members, for your past, present, and
anticipated future support. This is a vol-
unteer organization and we are thankful
for all of the efforts you contribute to
INMM.

It is my pleasure to pass the gavel to
John Matter as the next president. John
will officially assume his new duties on
October 1, 2002. He has been a long-
time supporter of INMM and brings a
great deal of experience to the position.
The newly elected Executive Committee
will face challenges as they direct the
Institute in the years ahead. I encourage

you to provide input to the Executive
Committee to assist it in making deci-
sions that make the INMM stronger and
provide the highest quality member
benefits.

T have in the past and will continue in
the future to urge each of you to identify
one or more of the technical divisions in
which to become active. A description
of the interests of each division is given
on the INMM Web site and in the mem-
bership directory. A copy of the INMM
constitution and bylaws, information
about awards and various INMM forms
are also included in the directory. A big
thanks goes to the Communications and
Membership Committees and the
Headquarters Staff for their efforts in
producing the directory.

One of the greatest pleasures of
serving as president has been the oppor-
tunity to work closely with INMM
members and professional colleagues
around the world. It has been a privilege
to represent the members of the INMM
in this role and have the opportunity to
work with other dedicated nuclear mate-
rials management and nonproliferation
professionals.

I continue to encourage all of you to
get more involved. We have both new
and continuing leaders of the technical
divisions and standing committees; all
need more volunteers and they would be
very interested in hearing from you.

J.D. Williams

INMM President

Sandia National Laboratories

Phone: 202/586-3755 or 505/845-8766
Fax: 202/586-3617 or 505/844-6067
E-mail: jdwilli@sandia.gov or
Jjim.williams @hqg.doe.gov
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TECHNICAL EDITOR’S NOTE

The FMCT, IAEA, and the NPT: A Looking Ahead

We owe our
thanks to Jim
Larrimore, chair
of the INMM In-
ternational Safe-
guards Technical
Division, for so-
. liciting the tech-

a | . nical articles that
appear in this issue of JNMM. Jim
worked extremely hard to make this
happen. The general theme that he
pursued was what role the Inter-
national Atomic Energy Agency
might play in future nuclear arms con-
trol or proliferation-related agree-
ments or treaties, i.e., the future
beyond the Nuclear Nonproliferation
Treaty (NPT). The range of articles that
resulted is indeed fascinating.

Most focus on the Fissile Material
Cut-off Treaty (FMCT), which is possi-
bly the treaty next in line to address not
only horizontal nuclear arms prolifera-
tion, whereby a nonnuclear weapon
state  (NNWS) acquires a nuclear
weapon capability, but also vertical
proliferation, the increasing stockpiles
of the states that already have nuclear
weapons. These states are categorized as
the original nuclear weapon states
(NWS), China, France, Russia, the
United Kingdom, and the United States,
and the three nuclear-weapons possess-
ing states (NWPS)—India, Israel, and
Pakistan. It is envisioned that all states

Correction

would have to be signatories to the
FMCT. Interestingly, because of the
agreements under the NPT, the NNWS
in effect have already de facto commit
ted to the principles of the FMCT. Those
that would be most impacted are the
NWS and the NWPS.

Several articles discuss the possible
verification regimes that might be neg o-
tiated under an FMCT. Of issue is
whether verification should be “equal
verification for all” or should verifica-
tion in the NWS and NWPS be different
from that in the NNWS. The argument
is made that the purpose of verification
in the NWS and the NWPS addresses
vertical proliferation, whereas the verifi-
cation in the NNWS addresses horizon-
tal verification, and thus the regimes can
and should be different. The politics are
also interesting. I believe you will take
special interest in the writings of Hui
Zhang who provides a Chinese view of
the FMCT.

I trust you will enjoy all of the arti-
cles, and I would personally like to
thank the authors for devoting their time
in writing these splendid pieces. The
range of discussion is quite interesting.

You have read in previous issues of
the JNMM, as well as in our President’s
Message in this issue, that a strategic
plan is being developed for the Institute
under the leadership of the Executive
Committee. I echo INMM President J.D.
Williams® request that you attend the

special meeting on this strategic planning
at the Annual Meeting on June 26.

Also, at the Annual Meeting, I
encourage you to discuss any issues—
critical to constructive—you may have
on this Journal with any of us who are
involved in producing it. The names of
the assistant editor, the associate edi-
tors, and the managing editor are listed
in the front of every issue. Look us up
at the Annual Meeting. As always,
should you have any comments, please
feel free to call.

A New Look for JNMM
With the Fall 2002 issue of JNMM, we
will be unveiling a new look. Months of
planning and revisions have gone into
the redesign and we think the change is
a noticeable modernizing of in the
appearance and readability of the
Journal. At the same time, we promise
that some things will not change: Our
commitment to providing the highest
quality technical papers for nuclear
materials professionals remains strong.
We look forward to your feedback
on the redesign next fall.

Dennis L. Mangan

Technical Editor

Sandia National Laboratories
Phone: 505/845-8710

Fax: 505/844-8814

E-mail: dlmanga@sandia.gov

The Spring 2002 issue of JNMM indicated that Charles Pietri was the author of the International Target Values. In fact,
this was a misprint. Charles was one of several contributors to the ITV report and should not have been singled out. We

apologize for any misinformation.
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Nuclear Nonproliferation:
The Role of Complementary Regimes

John Carlson and Russell Leslie
Australian Safeguards and Nonproliferation Office
Barton, Australia

]

Note: This paper reflects the views of the authors and does Introduction
not necessarily represent Australian government policy. From the advent of the nuclear age, political and institutional

arrangements against the proliferation of nuclear weapons
Abstract have been an essential element of national and international
The Nuclear Nonproliferation Treaty (NPT) is commonly security. Initially nonproliferation relied on national
perceived as dealing primarily with horizontal proliferation: measures—export controls and safeguards inspections by
this is where it has the most detailed provisions and is the nuclear suppliers. Following the International Atomic
area of greatest achievement—the TAEA’s comprehensive Energy Agency’s establishment in 1957, the application of
safeguards system. However, the NPT also deals with vertical safeguards became an agency responsibility. Since its con-
proliferation—all parties are to pursue effective measures clusion in 1968, the centerpiece of the nonproliferation
relating to cessation of the nuclear arms race and to nuclear regime has been the NPT and the IAEA safeguards system
disarmament. that underpins it.

Nuclear disarmament will not be possible without The success of the NPT should not distract our attention
supporting regimes and confidence-building measures. This from the fact that there are other regimes, existing and
is recognized by the NPT—parties commit not only to prospective, important to the achievement of nonproliferation
nuclear disarmament, but to pursue “a treaty on general and objectives. Export controls continue to make a major contri-
complete disarmament under strict and effective interna- bution. Regimes such as the CTBT and the FMCT have a
tional control.” The form the latter treaty or treaties might vital role to play. Also important are the various regional and
take, though clearly relevant to the achievement of NPT bilateral regimes dealing with nuclear issues, and verification
objectives, is beyond the scope of this paper, which focuses arrangements underpinning reductions in nuclear arsenals
on nuclear-related regimes. and release of fissile material from weapons programs. As

One important complementary regime is the proposed discussed in the next section, a whole range of security and
Fissile Material Cut-off Treaty (FMCT). The FMCT would arms control agreements outside the nuclear area—with
be a major step in containing vertical proliferation and associated verification and confidence-bilding measures—
would bring the three threshold states into the nuclear arms are essential to complement nuclear nonproliferation.
control process. Another important complementary regime
is the Comprehensive Nuclear Test Ban Treaty (CTBT), The NPT and the Broader
which has benefits in terms of both vertical and horizontal Security Environment
nonproliferation. The NPT is commonly described as a two-way bargain,

Horizontal and vertical proliferation are two sides of the between the nonnuclear-weapon states (NNWS) to forego
same coin: effective containment of horizontal proliferation the acquisition of nuclear weapons, and the nuclear-weapon
is an essential precondition for nuclear disarmament—but states (NWS) to divest themselves of nuclear weapons. In
lack of real progress on disarmament could over time erode fact, the NPT is a good deal more complex than this.
the norm against horizontal proliferation. Hence, furthering First, this simplistic dichotomous view overlooks that the
the conditions needed for nuclear arms reductions and eve n- NPT also comprises a bargain amongst the NNWS them-
tual disarmament must be a priority—including resolving selves not to acquire nuclear weapons—observance of this
the considerable verification challenges involved. commitment is just as important to fellow NNWS, arguably

even more so, as it is to the NWS. Second, Article VI of the
4 m JNMM Summer 2002



NPT links the nuclear disarmament commitment of the
NWS to a commitment on all parties, NWS and NNWS
alike, to pursue general disarmament. In this respect, the
negotiators of the NPT recognized that a major motivation
behind the acquisition of nuclear weapons has been concern
about imbalances in nonnuclear forces—underscored by
current concerns about chemical and biological weapons
(CBW) programs. It is unrealistic to expect the eventual
elimination of nuclear arsenals without effective steps to
address these other concerns.

It is a feature of NPT Review Conferences that many
NNWS routinely berate NWS for insufficient progress in the
fulfillment of the disarmament commitment in Article VI of
the Treaty. While some impatience is understandable, the
NNWS would do well to reflect that this is not a matter for
the NWS alone—appropriate action by the NNWS them-
selves will be essential in establishing the conditions under
which nuclear disarmament can progress.

In the context of the NPT itself, an essential step for all
NNWS is to conclude Additional Protocols (INFCIRC/540)
accepting the application of strengthened safeguards. The
TIAEA safeguards system that all NNWS NPT parties are
committed to accept is not static, fixed for all time as safe-
guards were in 1970 when the NPT came into force. The
basic comprehensive safeguards agreement, INFCIRC/153,
did not even exist then. In the three decades since INF-
CIRC/153 was introduced, safeguards have undergone con-
siderable evolution. Today, the most developed and most
effective form of comprehensive safeguards is strengthened
safeguards, the combination of INFCIRC/153 and INF-
CIRC/540—this represents the contemporary NPT safeguards
standard. For a NNWS NPT party to remain outside strength-
ened safeguards will raise concern about its commitment to
nonproliferation—this is not conducive to establishing the level
of confidence required to encourage nuclear disarmament.

Outside the scope of the NPT, it is clear that a wide range
of political agreements and associated confidence-building
measures will be an essential part of establishing an inter-
national security environment in which nuclear nonprolif-
eration can be sustained and nuclear disarmament progressed.
Some of these will be global—e.g. effective regimes against
CBW and associated missile systems—and some will be
regional or even bilateral (a comprehensive Middle East
peace settlement is just one regional possibility that comes
to mind).

The NPT’s reference to “a treaty on general and com-
plete disarmament under strict and effective international
control” is not to be taken literally—rather than a single
treaty, there is bound to be a series of agreements, advancing
toward this objective incrementally, and today alas c o mplete
disarmament seems too utopian an ideal. While the meaning
of “strict and effective international control” has yet to be
elaborated, at the least this will require effective verifica-
tion, which has been such a hallmark of the NPT.

Consistent with the pragmatic principle of “trust, but
verify,” the NPT has derived great strength from the IAEA
safeguards system. What verification might look like in
other regimes will be determined by a range of factors,
including: the level of assurance required politically, what is
practical, what is acceptable, and what is affordable.

The verification regime under the Chemical Weapons
Convention, for example, is a good deal less rigorous than
TAEA safeguards, reflecting practicalities as to the scale and
diversity of the chemical industry, and perhaps a political
judgment that use of chemical weapons might not have the
same devastating consequences as use of nuclear weapons.
Failure to reach agreement on what would constitute an
effective regime for the Biological Weapons Convention
would have serious implications for the broader nonprolifer-
ation environment, since undoubtedly the “general and com-
plete disarmament under strict and effective international
control” referred to by the NPT will have to encompass bio-
logical weapons, and concern about biological weapons
(BW) programs will influence national decisions regarding
nuclear weapons. What combination of verification and
other confidence-bulding measures can convincingly
address the BW issue remains to be seen. This, and a whole
range of other political and arms control matters, however,
are beyond the scope of this paper.

Regimes Complementing the NPT

Containing the Spread of

Proliferation-Sensitive Technologies

As already mentioned, national controls on the export of
proliferation-sensitive technologies—particularly enrich-
ment and reprocessing—were the earliest nonproliferation
measures, and they continue to have a vital role. National
controls have been given multilateral frameworks through
the Nuclear Suppliers Group (NSG) and the Zangger
Committee.

The NPT itself makes no provision for limiting the
spread of proliferation-sensitive technologies. While some
states have argued that acceptance of safeguards—full-
scope or otherwise—should be sufficient qualification to
acquire any nuclear technology for “peaceful” purposes, it is
generally recognized that restraint both in supply and
acquisition of sensitive technologies is an essential comple-
ment to the NPT. Safeguards in themselves will not provide
the assurance required by the international community if
there are suspicions about a state’s future intentions.

In this regard, an important concept was introduced by
INFCE (International Nuclear Fuel Cycle Evaluation) in
1980, when it recommended that sensitive facilities should
be owned and operated, not by individual states, but on a
multi-nation basis, perhaps servicing the requirements of a
region. Another example of the recognition that the spread
of sensitive facilities should be limited—and particularly in

Summer 2002
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regions of tension—is the 1992 Joint Declaration on the
Denuclearization of the Korean Peninsula, in which the
Republic of Korea and the DPRK undertook not to possess
enrichment or reprocessing facilities. This agreement should
serve as a precedent for other countries in regions of tension,
likeIran, seeking such fuel-cycle capabilities.

Currently, an interesting development is the increasing
attention being given to the establishment of proliferation-
resistant fuel-cycle technologies. “Proliferation resistance”
has yet to be defined—an illustration is technologies that
allow for plutonium recycle without the necessity for full
separation of plutonium—but it is clear that technical barriers,
making proliferation more difficult and increasing the warning
time to the international community, can play a vital role in
reinforcing the nonproliferation regime. Whether this
approach will constitute a regime in itself, eg. by being for-
malized through agreements or international understand-
ings, remains to be seen.

Fissile Material Cut-Off Treaty

The intention underlying the proposed FMCT—set out in
the negotiating mandate agreed by the U.N. Committee for
Disarmament (CD)—is for “a nondiscriminatory, multilateral,
and internationally and effectively verifiable treaty banning
the production of fissile material for nuclear weapons and
other nuclear explosive devices.” Production of fissile material
for peaceful purposes and for nonproscribed military pur-
poses (such as propulsion) would continue, but under
multilateral verification to ensure there is no diversion to
proscribed (i.e. explosive) purposes. The FMCT would be a
major step in containing vertical proliferation, placing a
quantitative cap on fissile material for weapons programs,
and bringing the three threshold states (India, Israel, and
Pakistan) into the nuclear arms control process.

While the objective of the FMCT is agreed, commence-
ment of negotiations in the CD have been delayed for some
years over other, unrelated issues, and the final form the
FMCT may take is as yet uncertain. Some states have said it
should not be prejudged that IAEA safeguards will consti-
tute the FMCT verification mechanism. Nonetheless, two
points are clear:

* The verification issues involved with the FMCT are
very similar to those dealt with by the IAEA, and the
IAEA’s substantial experience should be used to
advantage in ensuring that the FMCT is implemented
effectively;

* In the case of NNWS parties to the NPT, comprehen-
sive safeguards already fully meet the FMCT objec-
tive. In principle, therefore, the FMCT should not
involve any additional commitments from states that
have in place both an NPT safeguards agreement and
an Additional Protocol.

For the five NWS and the states outside the NPT (princi-

pally India, Israel, and Pakistan), the FMCT would involve

substantial new commitments—to produce fissile material
only under verification to assure the material is not used for
weapons. This will bring new erification challenges.
Perhaps it is in this sense that some states have queried the
role of IAEA safeguards—if they are thinking of compre-
hensive safegnards they may have a point: truly comprehen-
sive safeguards covering all nuclear material cannot apply in
the NWS (and threshold states) while they retain, outside
verification, nuclear material (including weapons) existing
when the FMCT enters into force; and the cost of verifica-
tion on the comprehensive safeguards model in the NWS
would be prohibitive.

It can be argued that the verifcation objectives of
comprehensive safeguards and the FMCT are qualitatively
different. Comprehensive safeguards have a degree of rigor
that reflects that, in countering horizontal proliferation, the
acquisition of one nuclear weapon will defeat the verifica-
tion objective. FMCT werification on the other hand will
be aimed at vertical proliferation—for states that already
have nuclear arsenals, the same degree of rigor would not
beessential.

The authors advocate what has become known as the
focused approach: verification focused on the most sensitive
facilities and materials will be both appropriate and credible,
provided the regime includes an effective counter to the pos-
sibility of undeclared production (i.e. after entry-into-force
or EIF). Under this approach, verification would be concen-
trated on the facilities that produce fissile material, i.e.
enrichment and reprocessing plants, and on separated pluto-
nium and HEU produced after EIF. It is envisaged that the
FMCT regime would include, inter alia, routine and non-
routine verification activities, managed access, verification
measures against possible undeclared production activities,
and mechanisms for special and/or challenge inspections.

ComprehensiveNuclear Test Ban Treaty

The CTBT has both vertical and horizontal nonproliferation
benefits—it would place a qualitative cap on nuclear
weapons programs and present a substantial barrier to
would-be proliferators (ab initio states).

The commitment not to conduct nuclear tests, embodied
in the CTBT, is assuming the status of an international norm,
having been signed by 165 states and ratified by ninety—
and a de facto moratorium on testing has been observed for
three years (or six years if one excludes the Indian and
Pakistani tests of 1998). Although the CTBT is not in
force—it has yet to receive the necessary ratifications,
including by the United States—the treaty expressly pro-
vides that its verification system (the International
Monitoring System—IMS) is to be capable of meeting the
requirements of the treaty at entry-into-force. The
Preparatory Commission for the CTBT Organization is
therefore engaged in a major program in preparation for EIF,
including the establishment/upgrading of 337 monitoring
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facilities around the world, and the provisional operation of
these facilities.

It is surprising, and disappointing, that one of the reasons
cited by the United States for deciding against ratification is
that the CTBT is unverifiable. Effective verification is key to
the credibility of the treaty, and a great deal of effort has been
expended over the last twenty years to develop and imple-
ment an effective IMS. A basic design parameter for the IMS
is that it should be able to detect and identify a one-kiloton
explosion in any terrestrial environment. In many cases, how-
ever, the level of sensitivity will be considerably greater.
Calibration tests of the IMS have shown good results for 100-
ton explosions. A number of IMS stations also detected the
(relatively) quite small explosions that resulted in the sinking
of the Kursk submarine in August 2000.

The unverifiability assertion may relate to the fact that
there are some practical limits to the IMS detection capa-
bilities—some very small-scale supercritical testing might
proceed with a low risk of detection. Such testing however
would be very difficult for an ab initio state, and would not
add greatly to the knowledge of a state with full-scale test
experience. Obviously the NWS are in a position to refine
existing designs, and to a certain extent develop new
designs, based on activities not proscribed by the treaty, eg.
using simulation programs and data from previous tests, as
well as conducting subcritical tests—whether for weapon
development or stockpile stewardship. However, major
changes to existing designs and development of substan-
tially new designs are likely to require full-scale testing.
Thus the treaty will impose substantial qualitative limits on
what the NWS (and threshold states) can do. While there are
some in the NWS who are concerned about this limitation,
clearly it is consistent with the NPT commitment to the
eventual elimination of nuclear weapons.

While ab initio states could develop a simple nuclear
weapon without testing (e.g. a “gun-type” HEU weapon),
such a weapon would require a relatively large amount of
fissile material—a disadvantage when a clandestine enrich-
ment program is relied on—and its size and weight could
limit delivery options. A basic implosion design could be
developed with subcritical testing, but without the benefit of
full-scale testing an ab initio state could not be confident
h ow well such a design would work in practice—and small-
scale tests, if not well conducted (and without testing expe-
rience that would be problematic), will risk detection.
Development of more advanced designs requiring boosting
would require full-scale testing. Thus the CTBT, while not a
complete barrier to an ab initio state, will increase the risks
and substantially limit the options available to such a state.

Regional and Bilateral Regimes

There are two broad categories of regional arrangements
relevant to nuclear nonproliferation: those establishing polit-
ical nonproliferation commitments; and those establishing

international organizations responsible for applying regional
safeguards.

In the first category are the nuclear weapon-free zone
(NWFZ) treaties—and the right to conclude such treaties is
expressly recognised in the NPT (Article VII). Currently
there are four: the Treaty of Tlatelolco, the Treaty of
Rarotonga the Treaty of Pelindaba (yet to enter into force),
and the Bangkok Treaty. Mention might also be made of the
Antarctic Treaty, which proscribes military activities,
nuclear explosions, and disposal of radioactive waste in
Antarctica. A fifth NWFZ—covering Central Asia—is
currently under development. Although the NWFZ
treaties contain verifcation provisions, it is notable that
they do not establish separate safeguards systems but
adopt TAEA safeguards.

In the second category are the Euratom Treaty, establishing
the European Atomic Energy Community, and the Bilateral
Agreement between Brazil and Argentina establishing
ABACC, the Brazilian-Argentine Agency for Accounting
and Control of Nuclear Materials.

Both the NWFZ treaties and the regional/bilateral safe-
guards arrangements serve an important confidence-building/
transparency function. This can be seen particularly in the
case of the ABACC agreement, which enabled the introduc-
tion of comprehensive safeguards in Argentina and Brazil
ahead of the time when the conditions were right for both
states to be prepared to join the NPT. Both states continue to
appreciate the mutual transparency in nuclear activities pro-
vided through ABACC.

The ABACC model—safeguards inspections undertaken
by the IAEA and the parties jointly—establishes a valuable
precedent for other states—states such as India and
Pakistan, outside comprehensive safeguards, where mutual
confidence-building measures could be an important element
in winding back nuclear weapon programs, and NNWS that
find themselves in circumstances where confidence-building
measures additional to IAEA safeguards could play a useful
role, eg. perhaps the Republic of Korea and the DPRK, and,
when conditions are more favorable, Iran and Iraq.

Nuclear Weapon Dismantlement, Irreversibility

Effective verification will be an essential component in
establishing the confidence necessary for nuclear disarma-
ment to progress. A range of verification objectives will be
involved including that no undeclared weapons are retained;
there is no undeclared fissile material production (the object
of the FMCT); that weapons submitted for dismantlement
are in fact dismantled; and that fissile material released from
military programs for peaceful use remains in peaceful use
(irreversibility).

The Trilateral Initiative between the United States,
Russia, and the TAEA, under which agreed quantities of
plutonium and HEU are to be released from weapons pro-
grams under verification to ensure irreversibility, sets an
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important precedent. U.S. and Russian experts have developed
verification instruments that can be used by IAEA inspec-
tors to confirm that fissile material in canisters presented for
verification meets required quality and quantity parameters,
without revealing sensitive information (such as the precise
isotopics or the mass and shape of weapons components). A
verification approach has been developed to cover storage of
canisters under surveillance, processing under “black box”
arrangements to remove sensitive characteristics (shape,
mass, isotopic composition), and submission of the resultant
unclassified fissile material to IAEA safeguards. This work
serves as a foundation for the further verification method-
ologies that will be required as disarmament proceeds.
Irreversibility—ensuring that fissile material committed
to peaceful uses does not return to weapons programs—
involves issues that are as much political as technical.
Pragmatically, it could be argued that released fissile mate-
rial needs to remain under verification only until it is
degraded into a form that would require nuclear upgrading
(enrichment or reprocessing) to return it to weapons use.
This would be achieved: (a) in the case of HEU, once it is
d ownblended to LEU; and (b) in the case of plutonium, once
it is fabricated as MOX fuel and irradiated (incidentally,
degrading the isotopics). In circumstances where the United
States and Russia still have substantial excess weapons mate-
rial, and are reducing weapons numbers, it is highly unlikely
they would re-enrich or reprocess released material for
weapons use (though this argument might not be as persua-
sive in the case of states with much smaller nuclear arsenals).
The alternative view is that it might be unacceptable to
the international community to have incomplete safeguards
in place, that once the material is submitted to safeguards it
should remain under safeguards until it becomes practicably
irrecoverable. This argument would be very neatly resolved
by proceeding with the FMCT without further delay—a veri-
fied peaceful use commitment would then apply to all new
fissile material production (defined, in the case of the focused
approach, as production of HEU and separation of pluto-
nium), thus effectively ensuring irreversibility for released
material once it has been downblended or irradiated.

Some Other Verification Issues
The classical safeguards system, which developed with a
focus on verifying declared nuclear material inventories in
the context of horizontal proliferation, is not necessarily the
most appropriate model for all verification requirements.
While some argue for a universal system as a matter of pol-
icy, practical considerations are likely to dictate otherwise.
For new verification regimes, addressing new situations
and new objectives, a greater emphasis on qualitative
approaches may be more appropriate—for example, as dis-
cussed earlier, FMCT objectives can be seen as being quite
different than those of comprehensive safeguards, and less
rigorous verification measures may well be acceptable.

Indeed, as comprehensive safeguards are developed further
to better address a qualitative objective—assurance of the
absence of undeclared nuclear activities—comprehensive
safeguards themselves, at least in the form of integrated
safeguards, are placing less emphasis on routine verification
activities.

This qualitative difference between regimes might well
be reflected in different verification standards—again, looking
at the FMCT, if in the case of NWS undetected fissile material
production sufficient for a low number of weapons is an
acceptable risk, different detection parameters might be
acceptable compared with classical safeguards, where the
objective is to detect diversion of just onesignificant quantity
(an amount sufficient for one weapon). Of course, such
d i fferences raise important policy issues and need to be
considered very carefully.

Examples of wholly qualitative mechanisms which are
likey to become increasingly important in nuclear verifica-
tion include: surveillance through use of satellite imagery
and instruments such as the Open Skies Treaty; and measures
to promote greater transparency between states. While
objective verification by a competent multilateral agency—
the IAEA—will be essential to maintain credibility, bilateral
and regional confidence-bulding measures to complement
multilateral verification—as exemplified for example by
ABACC—can also be expected to play an important role in
particular situations.

While the theme of this discussion is the need to tailor
verification mechanisms to suit specific circumstances—
rather than pursue a “one-size-fits-all” approach—<clearly
there will be substantial areas of commonality, and the
differences between NNWS and NWS will reduce as
nuclear arsenals run down. Thus over time the trend is likely
to be towards convergence between different systems—e.g.
between comprehensive safeguards and FMCT verifica-
tion—though it is too early to say in which direction this will
occur. As the capability of safeguards to provide assurance
about undeclared activities strengthens, a substantial simpli-
fication of safeguards can be expected for material other
than unirradiated direct-use material (HEU and separated
plutonium)—thus comprehensive safeguards may well
evolve towards FMCT verification rather than vice versa.

Conclusions
When the NPT was concluded in 1968, the megotiators
demonstrated considerable farsightedness and realism. They
recognized that the division of states into two groups—the
five NWS existing at that time, and the NNWS—could not
be sustained permanently. While containment of horizontal
proliferation was the immediate priority, nuclear disarma-
ment was also an essential objective, since otherwise the
norm against horizontal proliferation could erode over time.
Hence the NPT sets out a framework for dealing with
vertical as well as horizontal proliferation. Since the elimi-
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nation of nuclear weapons must be seen as a long-term
objective, the NPT recognizes the need for further agree-
ments elaborating the treaty framework. Of particular
importance, the NPT recognizes the direct relationship
between nuclear disarmament and effective arms control
and disarmament in nonnuclear areas. This is especially per-
tinent today with heightened concern about the development
of chemical and biological weapons. Progress in nuclear dis-
armament will be closely linked to progress in addressing
these concerns.

In the nuclear area, near-term steps to advance NPT

objectives include:

* Further action against horizontal proliferation—par-
ticularly the general adoption of the Additional
Protocol and continued development of strengthened
safeguards capabilities;

e Action against vertical proliferation—particularly
consolidation of the moratorium on nuclear testing
through bringing the CTBT into force and agreement
on an FMCT.

Effective verification will continue to be an essential ele-
ment in curbing horizontal proliferation. Likewise, effective
verification will be required to curb vertical proliferation
and to progress nuclear disarmament. Here, there will be
major challenges—but the Trilateral Initiative shows how
novel situations can be met by ingenuity and innovation.
The challenges are not entirely technical—policy makers
too have to be receptive to new ways of achieving verifica-
tion objectives.
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21st Century: Toward the
Nuclear-Weapons-Free World

T. Zhantikin
Kazakhstan Atomic Energy Committee

S. Tukhvatulin and M. Mukusheva
National Nuclear Center of the Republic of Kazakhstan

]
“The twentieth century. It was a time when humanity first parency, openness, information exchange, and dialogue
disturbed the eternal rest of atom, and the atom bit back, forms, which respect life interests of other parties.”
showing that it was stronger than scientific imagination. By closing the Semipalatinsk Test Site, Kazakhstan took
“Its awakened power proved that the atom was not its opportunity to build a violence-free world.
merely an object to satisfy human curiosity in a part of the The nuclear heritage of the past caused serious damage to
world, but that it was something greater. That it was above the environment and, above all, to mankind. Within this con-
the world and not of it, that people did not determine its fate, text, the Semipalatinsk Test Site is a striking example.
but, on the contrary, the fate of humanity lay in the atom’s Kazakhstan scientists and international experts once
infinite energy. again stated that the elimination of the nuclear test conse-
“People learned to control nuclear energy, but they did quences in the region of the former Semipalatinsk Test Site
not learn to control themselves. They lost trust in people and will still take considerable manpower and financial
developed trust in nuclear power.” resources. Today this issue gains international importance.
From Epicenter of Peace by N. Nazarbayev, the presi- The Kazakhstan government makes all-out efforts to reha-
dent of the Republic of Kazakhstan. bilitate the economics of the former Semipalatinsk Test Site
region. Utilities are reconstructed and vital functions are
On August 29, 1991, by decree of the president of the again provided in Kurchatov. A unique experimental base at
Republic of Kazakhstan, the Semipalatinsk Nuclear Test Site the Baikal and IGR reactor complexes was preserved; today
was closed. Ten years have passed since that great day. This research is conducted there on U.S., Russian, and Japanese
event gave rise to many disputes and deliberations all over requests. At the former test site territory, commercial coal
the world. But everyone was touched by it. On the initiative and table salt is produced, and mineral exploration is carried
of Kazakhstan President Nazarbayev, on the eve of the tenth out in support of the Comprehensive Test Ban Treaty
anniversary of the test site closure, an international con- (CTBT), a seismic monitoring system was developed and
ference—21st Century: Toward the Nuclear-Weapons-Free functions in the National Nuclear Center of the Republic of
World—was held in Almaty, Kazakhstan, to discuss relieving Kazakhstan (NNC RK) covering almost the whole
the world of the nuclear threat. Kazakhstan territory in the network of the CTBT
Well-known politicians and scientists from around the International Monitoring System. At the same time, it is
world, international experts, and representatives of public obvious that a real economical rehabilitation of the region is
movements participated. During two days, conference par- possible with solid investments only.
ticipants discussed global nonproliferation problems; opin- It should be noted, that along with the Semipalatinsk
ions were expressed about main aspects of the present-day Nuclear Test Site, the Republic of Kazakhstan has inherited
situation in the field of nuclear disarmament and nonprolif- from the USSR a tremendous set of environmental and
eration. Having evaluated the experience of the twentieth cen- socioeconomic problems. It is apparent that neither
tury, the conference attendees emphasized the insanity of the Kazakhstan alone nor in cooperation with other states
development of weapons of mass destruction to achieve for- (including the United States or Russia) will be able to solve
eign policy goals. In his welcoming speech, K. Mazoora, these problems in corpora. The successful accomplishment
UNESCO director general, said that “a long-term stability of these tasks is only possible with participation of the whole
and safety should not be built upon a fear of the unknown but world society and the leading role is primarily given to such
on mutual understanding based on predictability, trans- international organizations as the United Nations. In
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December 1997, the 52nd U.N. General Assembly adopted
a specific resolution on the Semipalatinsk Test Site. U.N.
General Secretary’s paper, International Cooperation and
Coordination for Humanitarian and Ecological
Rehabilitation and  Economical Development of
Semipalatinsk Region in Kazakhstan, was reviewed at the
53rd U.N. General Assembly Session. In November 1998, a
resolution was adopted urging the international society to
pay attention to the necessity for rendering assistance in
solving humanitarian and ecological issues in the
Semipalatinsk region.

In his closing statement, Kazakhstan Minister of Foreign
Affairs E. Idrisov underlined the vital importance of the
ideal of nonproliferation of weapons of mass destruction for
the Kazakhstan people. Since gaining its sovereignty,
Kazakhstan follows a policy of peace and has entered the
international society as a state fully supporting the nonpro-
liferation ideals. Having closed the Semipalatinsk Test Site,
the Republic of Kazakhstan made the first step in the
process of banning nuclear tests. The next step was to
accede to CTBT. At present, Kazakhstan is an active party
in the CTBT. The developed system of geophysical nuclear
test monitoring (a network of seismic and infrasound sta-
tions with a data-processing center in Almaty) is one of the
best national systems consolidated in the nuclear-test-moni-
toring regime. Kazakhstan was one of the first ten states
with seismic stations incorporated into the International
Monitoring System.

In 1994, the Republic of Kazakhstan became a member
of the International Atomic Energy Agency (IAEA). At pres-

ent, Kazakhstan’s nuclear facilities are covered by compre-
hensive IAEA safeguards. As a large supplier of fissionable
materials, in its export activities Kazakhstan follows inter-
national requirements aimed at barring illegal transactions
with nuclear materials and ionizing-radiation sources. Since
1997, Kazakhstan has followed the Nuclear Suppliers’
Guidelines in the export of nuclear materials and technologies.
On April 21, 1995, a more than yearlong process of nuclear
weapon withdrawal from Kazakhstan territory was completed.

Summing up the conference, Kazakhstan Deputy Prime
Minister V. Shkolnik said that the politics of the Republic
of Kazakhstan in the sphere of nonproliferation of weapons
of mass destruction is based upon equal partnership with
other states without discrimination against any political
motives. The only indispensable condition for cooperation
is rigorous observation of nuclear nonproliferation princi-
ples. This is the only way to prevent a recurrence of the
splitting of the world into adversarial camps threatening to
annihilate mankind.

“The new world system demands good understanding of
the fact that not subordination, suppression, search for uni-
lateral benefit and striving for superiority but only readiness
for cooperation based on equality of rights and between
states can govern the twenty-first century in the era of peace
and progress,” Mr. Gensher said at the Conference.

Kazakhstan has made its major and ineffaceable gift to
humanity by relieving itself and its environment from
nuclear threat.
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How to Reduce Nuclear Material
Available for Nuclear Weapons

Dirk Schriefer
International Atomic Energy Agency
Vienna, Austria

]
Introduction It must be noted that the IAEA has a very clear and
For more than forty years, the International Atomic Energy explicit mandate regarding safeguards (under Article III of
Agency (IAEA) has gathered experience in the verification the NPT); it has no such mandate under Article VI.
of nuclear materials and the safeguarding of nuclear facilities. Against this background, the verification of the excess
This is done in the course of implementing nuclear safe- material in the United States began in 1994 and continues
guards based on international agreements between the [AEA today, with the expressed commitment by the United States
and its member states in the context of international treaties: that the material will not return to nuclear-weapons use.
the Treaty on the Nonproliferation of Nuclear Weapons In 1996, the Trilateral Initiative was launched, between
(NPT) and similar treaties. the Russian Federation, the United States, and the IAEA, to
Over the recent few years, this experience has been used develop a new verification system for weapons-origin
to implement, under the safeguards agreement with the nuclear material, for implementation by the IAEA, in both
United States, a verification regime for nuclear material no states. Agency verification of this material is intended to
longer required by the U.S. nuclear-weapons program and promote international confidence that this material remains
declared to be irreversibly released from it (‘“excess mate- irreversibly removed from nuclear-weapons programs.
rial”). Such a regime is currently implemented for twelve Nuclear material and processing facilities are the key
metric tons of excess material in storage in the United States ingredients for the production of nuclear weapons. The
and, additionally, to the downblending process of approxi- agency’s technical capabilities, skills and experience in
mately fifty tons of highly enriched uranium to commer- understanding the relevant nuclear and nuclear-related
cially usable, lower-enrichment levels. processes may offer a cost-effective road to the establish-
The safeguards agreement with the United States is a so- ment and operation of monitoring and verification regimes
called voluntary offer safeguards agreement; the IAEA has to assure states that specified facilities in nuclear-weapon
concluded voluntary offer safeguards agreements with all states will not be misused for proscribed activities under an
nuclear-weapons states recognized by the NPT (China, international treaty limiting such activities. The IAEA has a
France, Russia, the UK, and the United States). well-trained and experienced core of nuclear inspectors
The application of safeguards is one of the agency’s core available, and an infrastructure exists to expand activities
activities. The agency’s Statute (in Article ITII.A.5) stipulates beyond NPT safeguards, should member states so wish.
“to establish and administer safeguards ... and to apply safe- Governments have recognized this; those represented at the
guards to any ... state’s activities in the field of atomic Conference of Disarmament have consulted the IAEA on tech-
energy.” For nonnuclear-weapon states, IAEA verification nical issues relating to a fissile material production cut-off.
activities under a comprehensive safeguards regime are
mandatory for all nuclear material and nuclear activities, International Safeguards
pursuant to Article III of the NPT. The IAEA was established in 1957, triggered by thefamous
The NPT, in Article VI, however, also stipulates “negoti- “Atoms for Peace” speech by U.S. President Eisenhower in
ations ... on effective measures ... to nuclear disarmament December 1953 at the U.N. General Assembly.
. under strict and effective international control.” These Consequently, the initial activities of the new agency
measures may be different in intention and scope than safe- focused more on the promotion of research, development,
guards under Article III; both, however, involve nuclear and on practical applications, generally, on the transfer of
processes, with nuclear material and nuclear facilities, and relevant scientific and technical knowledge and technology
they will require an effective verification methodology for (materials, services, equipment and facilities) rather than on
implementation. aspects of safety and safeguards. However, the agency’s
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statute included from the very outset the establishment and
application of safeguards, to ensure that any assistance or
supplies made available through the agency should not be
used to further any military purposes. The agency was also
asked “to apply safeguards, at the request of the parties, to
any bilateral and multilateral arrangement, or at the request
of a state, to any of that state’s activities in the field of
atomic energy” (Statute, Article III.A.S).

In 1958, the Safeguards Division was established, but it
was not before 1962 that the first safeguards inspection took
place. In August and September 1967, a first inspection at a
reprocessing plant in the United States was carried out (at
West Valley in New York State) to test procedures for the
accounting of all declared nuclear material at that facility.'
This activity was based on a set of agreements approved by
the agency’s Board of Governors in 1965 and 1966, which
is commonly referred to as INFCIRC/66, and based on those
safeguards verification activities still taking place in a now
small number of states.

The NPT? entered into force in 1970. At that time, the
agency’s safeguards staff had already sufficient experience
to embark on a much broader task than applying safeguards
under INFCIRC/66-type agreements: to negotiate and
implement comprehensive safeguards agreements with all
non-nuclear-weapon states party to the NPT. It is noted that
the Treaty for the Prohibition of Nuclear Weapons in Latin
America and the Caribbean (Treaty of Tlatelolco), though a
regional nonproliferation undertaking for Latin America
and the Caribbean area, has the same requirements.
Because of that, the Agency for the Prohibition on Nuclear
Weapons in Latin America and the Caribbean (OPANAL),
the Tlatelolco watchdog, designated the IAEA as the veri-
fication body for the states’ nonproliferation commitments
to the treaty (Article 13). In the meantime other regional
treaties aim, as Tlatelolco does, at regional nuclear-weapon
free zones (e.g., the Rarotonga Treaty for the South Pacific,
the Pelindaba Treaty for Africa, and the Bangkok Treaty for
South East Asia).

From 1970 onward, the entire nuclear-fuel cycle and all
other nuclear activities of states party to the NPT had to be
brought under IAEA safeguards; in fact, all source and special
fissionable material in all peaceful nuclear activities had to
be declared to the agency under a comprehensive safeguards
agreement.” The agency has the right to verify, independ-
ently, and by the means of its own choice, that there had
been no diversion of this material to nuclear weapons or
other nuclear explosiwe devices.

The United States and the United Kingdom offered to
place all their civilian nuclear plants under IAEA safe-
guards, although the NPT does not require nuclear-weapon
states to do so, and France had volunteered some nuclear
plants for safeguards. In 1982, the Soviet Union announced
that it was also ready to have the agency apply safeguards to
certain nuclear facilities on its territory, and in 1988, China

made the same announcement. Eventually, all nuclear-
weapon states negotiated voluntary-offer safeguards agree-
ments (VOAs) with the agency, and IAEA safeguards were
implemented to the extent required and possible. The appli-
cation of safeguards under VOAs was significantly reduced
after a review of priorities in the early 1990s.

Soon after the discovery of Iraq’s clandestine nuclear
activities after the Gulf War in 1991, the agency began
strengthening the safeguards system. The strengthening
process culminated in the approval of the Model Additional
Protocol* by the IJAEA member states in 1997. To help
establish the strengthened universal safeguards regime,
sixty-one states have signed such a protocol additional to
their safeguards agreement, including all five (recognized)
nuclear-weapon states; the Additional Protocol has entered
into force in twenty-five states and, in addition, is being
applied in Taiwan, China (March 2002).

Over the years, the IAEA safeguards has produced
approximately 12,000 person-years of verification experi-
ence, more than 9,000 of those over the last twenty years. In
that time, more than 5,500 person-years of in-field inspec-
tion was accumulated, 4,000 of those since 1981. At the
current staffing level of more than 500, IAEA safeguards
accrues additional experience at a fast rate.

Safeguards are applied to all types of nuclear fuel cycle
facilities, including conversion, enrichment, reprocessing
plants, and storage facilities. In 2001, IAEA safeguards
inspectors performed about 2,500 inspections in just under
600 nuclear facilities worldwide, generating a total of a
litle more than 10,000 person-days of inspection. More
details are provided in the annual Safeguards Implement-
ation Report® to the IJAEA Board of Governors, of which
excerpts are available on the IAEA’s Web pages.*

Since 1980, when the United States signed its VOA with
the agency,” the IAEA has implemented safeguards under
this agreement in various U.S. facilities. Under the VOA, the
state provides a list of facilities eligible for the application of
safeguards, from which the agency may then choose some
(or all) facilities. In contrast to safeguards in nonnuclear-
weapon states, nuclear-weapon states are permitted to with-
draw nuclear material from safeguarded facilities and to
remove nuclear facilities from the eligible list. The United
States has pledged to include all civilian nuclear facilities on
this eligible list, which has currently about 250 entries. The
agency had, for certain time periods, always selected some
facilities from that list, for the application of safeguards.® In
a similar way, all other nuclear-weapon states have volun-
tary offer safeguards agreements, and the IAEA implements
safeguards in some of those facilities.

Excess Material from Nuclear Weapon Programs

In 1993, U.S. President Clinton declared at the United
Nations in New York that there were significant amounts of
nuclear material considered in excess of what was “needed
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for national defense purposes” in the United States. Some of
that material was to be placed under IAEA safeguards. By
1998, the U.S. government had designated 174 metric tons
of HEU (highly enriched uranium) and fifty-two metric tons
of plutonium as excess material.

Subsequent to President Clinton’s announcement, the
relevant facilities were included on the U.S. eligible list and
some of the excess material was submitted to and selected
for IAEA safeguards (using the existing VOA). Extra-bud g-
etary U.S. funding was provided for this activity. The U.S.
government stated the irreversibility of the decision of no
return to nuclear weapons for this material.

In 1994 and 1995 twelve metric tons of such excess
material were placed under IAEA safeguards, ten tons of
HEU in Tennessee, followed by approximately one ton of
plutonium in the state of Washington, and one more ton of
plutonium in Colorado. All these materials are in storage
facilities, and, as such, the application of safeguards was
fairly straightforward and its implementation, relatively
speaking, uncomplicated. However, the initial inventory ver-
ifications required very intensive work and a significant
presence of safeguards inspectors. The entire inventory of
the facility had to be brought under safeguards in a short
period of time.’

In 1997-1998, a verification experiment was conducted
on thirteen metric tons of HEU, which were down-blended
to LEU at the Portsmouth Enrichment Plant. The reason for
calling it an experiment was that some of the basic IAEA
safeguards criteria, including the required nuclear material
accountancy, could not be met at the time.

In addition to the above, IAEA safeguards was applied to
a down blending process at a nuclear facility in Virginia,
first to approximately 600 kilograms of HEU reported to
come from Kazakhstan (“Sapphire”), then, and still ongo-
ing, to fifty metric tons of HEU. For this facility, safeguards
for the down blending is based on the operator’s declarations
with unattended agency inline instrumentation measuring
the input and output flows. This is accomplished with the
use of flow monitors, flow totalizers, and enrichment and
concentration monitors. The safeguards approach includes
the use of an encrypted mailbox system that is, in connec-
tion with a random-unannounced inspection scheme, to
limit the actually needed inspections. However, like in the
fissile material storages, one physical inventory verification
per year plus eleven interim inventory verifications are cur-
rently carried out. Most unfortunately, due to process
changes and problems with some of the (new) measurement
equipment, there were difficulties in attaining the safeguards
goals. These problems, however, are believed to have been
overcome.

Most recently, the United States has begun to process
the safeguarded material in Colorado for better safety and
maintenance; it plans to continue to apply safeguards to
that material (or equivalent) again once the processing is

complete. By that time it may have moved to a new loca-
tion in South Carolina, where IAEA safeguards will be
applied again.

The Trilateral Initiative

In September 1994 and May 1995, respectively, both
President Clinton and President Yeltsin made public state-
ments regarding the transparency and irreversibility of
nuclear arms reductions. The 1995 NPT Review and
Extension Conference, which strongly supported the
strengthening of safeguards, also agreed on principles and
objectives calling upon the nuclear-weapon states to renew
their efforts leading to nuclear disarmament. Similar princi-
ples were included in the final document of the 2000 NPT
Review Conference."

On September 17, 1996, U.S. Secretary of Energy Hazel
R. O’Leary, Russian Minister of Atomic Energy Viktor
Mikhailov, and IAEA Director General Hans Blix met to
consider practical measures to fulfill previous statements
made by the presidents concerning the application of IAEA
verification of weapon-origin fissile materials; the Trilateral
Initiative was established.

The initiative was then viewed as a significant contribu-
tion to the fulfillment of the principles and objectives agreed
upon at the NPT Review and Extension Conference. The
ministers also noted that this initiative was complementary
to the commitments made by presidents Clinton and Yeltsin
in 1994 and 1995 regarding the transparency and irre-
versibility of nuclear arms reductions. They also agreed to
discuss technical methods designed to protect sensitive
nuclear-weapons information and to prevent its disclosure,
and to hold appropriate consultations with the IAEA on this
matter. It was essential to ensure that IAEA verification of
relevant fissile materials would not undermine U.S. and
Russian obligations under Article I of the NPT.

The IAEA was tasked to draft a new model verification
agreement and to prepare technical criteria and measure-
ment procedures to provide agency inspectors with suffi-
cient information to ascertain the presence of the declared
fissile material, but also to prevent any proliferation of
nuclear-weapons-related information through inspection or
related verification activities.

Since 1996, the three principals have met at least once a
year, usually during the IAEA General Conference, to take
stock of the progress of the Trilateral Initiative. The most
recent meeting was held on September 17, 2001, between
U.S. Secretary of Energy Spencer Abraham, Russian
Minister of Atomic Energy Rumyantsev, and IAEA Director
General Mohammed ElBaradei.

In 1999, the director general reported to the IAEA Board
of Governors on the initiative'' and the IAEA Secretariat
produced a first discussion paper for the Board of Governors
on the options for the financing of such activities.”” It is
noted that presently all costs of the Trilateral Initiative are
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borne by the United States and provided to the agency out-
side the regular budget.

It is important to note that both states have earmarked
nuclear facilities (K-Area Materials Store in the United
States and the Mayak Storage Facility in Russia) to be
included under the corresponding verification regime, once
the agreements are approved both by their relevant author-
ities and the agency’s Board and General Conference.
However, further discussions are on the way to determine
the relevance of these earlier selections.

Since then, the work on the drafting of the model veri-
fication agreement has reached the final stage. Similarly,
details on the verification methodologies and associated
measurement techniques have been developed to the extent
that prototype instrumentation is being developed now.
(The Trilateral Initiative and further details on the proposed
verification methodology will be presented elsewhere in
this Journal.)

The Plutonium Management and

Disposition Agreement

In September 2000, the United States and the Russian
Federation also signed a bilateral Plutonium Management
and Disposition Agreement (PMDA)."” This new agreement
commits each party to the disposal of thirty-four metric tons
of plutonium from its weapons program. It foresees the
construction of new industrial-scale facilities to convert this
plutonium into mixed-oxide fuel for commercial use in
p ower reactors and, in the case of the United States, to dis-
pose through immobilization of impure plutonium by incor-
poration of high-level vitrified radioactive waste. It also
defines the target date for the operation beginning in 2007,
with a minimum disposition goal of two metric tons per year
initially and with an annual target quantity of four tons later.
It is understood that some of the disposition options are
currently being re-evaluated.

Bilateral and multilateral consultations continue. They
include the G-8, which focuses particularly on the funding
aspect of the Russian disposition facilities.

Article VII of the PDMA foresees consultations with the
TAEA regarding an international verification system leading
to the disposition of the weapon-grade plutonium. However,
these consultations have not yet started. The relationship
between the agency’s role under the PMDA and the
Trilateral Initiative has not been defined yet. Although it
may be the IAEA Secretariat’s current wish to include
PMDA verification in the agreement coming out of the
Trilateral Initiative, however, it is not clear at this stage
whether that will be the future path to take.

The Fissile Material Cut-Off Treaty

The agency’s NPT safeguards experience and the progress
verifying that excess nuclear material remains removed
from nuclear-weapons programs have influenced the devel-

opment of the concepts under the Trilateral Initiative, its
draft agreement and the verification methodology. However,
the reduction of existing fissile material available for nuclear
weapons is only credible if there is also a halt on the pro-
duction of such new material. This is what the Fissile
Material Cut-off Treaty (FMCT) is to accomplish."

Its future is still undetermined, as negotiations in the
Conference on Disarmament (CD) on a treaty have been
requested but not started yet. The basis for negotiations in
the CD is the Shannon Mandate of 1995, largely based on a
U.N. General Assembly resolution, adopted in December
1993. In that resolution, the General Assembly recom-
mended the negotiation of a “nondiscriminatory, multilat-
eral, and internationally and effectively verifiable treaty
banning the production of fissile material for nuclear
weapons or other nuclear explosive devices.” It also
requested the IAEA “to provide assistance for examination
of verification arrangements for such a treaty as required.”

While no negotiations have taken place in the CD, indi-
vidual delegations have put forward different concepts for
the verification of an FMCT. It is clear that nonnuclear-
weapon states party to the NPT have already committed
themselves not to produce fissile material for nuclear
weapons or other nuclear explosives, and that these commit-
ments are being verified by the IAEA.

Hence, the verification provisions under a FMCT focus
on the states that do not have a comprehensive safeguards
agreement, the five nuclear-weapon states (China, France,
Russia, the UK, and the United States), and India, Israel,
and Pakistan.

The different concepts for an FMCT are often described
as the extensive approach and the focused approach. In the
extensive approach, all fuel-cycle facilities of the states con-
cerned should come under verification. In the focused
approach, verification would only involve facilities capable
of producing direct-use nuclear material—essentially
enrichment and reprocessing facilities. In that view, material
not directly usable to make a nuclear explosive device, like
natural or lightly enriched uranium production facilities
should not be covered. (Further details on the FMCT will be
available in other articles in this Journal.)

While the essential commitment of states party to an
FMCT would be to cease production of fissile material for
proscribed purposes, it has already become clear that the
question of material produced before the entry into force of
the treaty is of importance to a number of states. In as far as
specific measures regarding such material would be agreed
upon in the context of a FMCT, the agency’s experience
with verifying stocks of nuclear material and, in particular,
its experience in designing measures for stocks of material
from nuclear-weapons programs under the Trilateral
Initiative is of value.

Irrespective of whether the negotiations would gravitate
toward an extensive approach or a focused approach, the
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experience of the IAEA for the necessary verification activ-
ities to be carried out is of direct relevance. The agency has
a wealth of experience in verification activities; it has a
trained corps of inspectors; it has the necessary logistics in
place and possesses an effective support infrastructure: it has
a standing network of support programs to carry out
research and development; it has safeguards agreements in
force with all eight states concerned and it is widely
regarded as a competent organization.

Conclusions

The agency has more than forty years of experience in
applying safeguards in seventy states. This experience has
been used to provide safeguards to the excess material,
nuclear material irreversibly released from the nuclear-
weapons program in the United States. The agency’s safe-
guards experience has also helped to put the Trilateral
Initiative on a fast forward track. The basic work on an
agreement and on technical verification details is well on the
way and may feed seamlessly into the PMDA.

Since fissile material remains the most essential part of
a nuclear weapon, technology and approaches currently
used for safeguards in non-nuclear-weapon states may be
utilized, or further developed, to assure the international
community that such material remains irreversibly removed
from weapons programs. The agency’s experience in under-
standing relevant processes from the nuclear-fuel cycle
permit the application of monitoring regimes in nuclear
facilities and their operation to assure that these facilities
cannot be misused for proscribed activities under an inter-
national treaty that would ban the production of weapons-
usable material.”

It must be remembered that the application of safeguards
pursuant to the NPT is an agency’s core activity. There is no
such explicit and forceful mandate for the agency concerning
of nuclear disarmament, unless an international agreement or
treaty would designate the agency to become the verification
organization for that agreement, too. The agency statute
requests the agency to “conduct its activities ... in conform-
ity with policies of the U.N. furthering the establishment of
safeguarded worldwide disarmament....”'® Technical skills
and experience exist. A path from the IAEA’s international
safeguards regime of today leading to a verification arrange-
ment under an FMCT may be possible.
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]
Introduction Military Area
In 1995, when its validity was going to expire after twenty- The disintegration of the former Soviet Union resulted in a
five years, it became necessary to decide upon the future of new military constellation requiring a revision and reduction
the Treaty on the Nonproliferation of Nuclear Weapons of the strategic nuclear potential on the part of the two super
(NPT). At the review and extension conference held at the powers, i.e., Russia and the United States. Moreover, the
United Nations headquarters in New York, something extraor technological development of new nuclear weapons leads to
dinary happened, when it was decided to extend the validity their miniaturization and, thus, to a reduction of the nuclear
of the NPT without time limit. This decision was linked to the material quantities required for the weapons. Under these
conditions laid down in the “Principles and Objectives” of the circumstances and with regard to their nuclear-weapons
final document. One essential element is related to the reduc- programs, the United States and the Russian Federation are
tion of the nuclear arsenals in the nuclear-weapon states. This able to manage with significantly less nuclear material in
nuclear disarmament would have to take place under interna- terms of both highly enriched uranium (HEU) and pluto-
tional control matching with the vision of the international nium, so that, in principle, excess weapons material would
nuclear safeguards in the non-nuclear-weapon states. With be available for peaceful uses. It is the task of the interna-
view to the next NPT Review Conference, which will take tional control to ensure, by the application of safeguards,
place in less than three years, it is interesting to look at the that demilitarized material remains in the peaceful area.
status of nuclear disarmament in the nuclear-weapon states,
its control and interface with the international safeguards exe- International Terrorism
cuted by the International Atomic Energy Agency (IAEA). The events of September 11, 2001, shed a new light on the
This paper begins by discussing factors and processes risk perception of terrorist attacks. Although the attack had
that are of relevance for disarmament and safeguards. been carried out using conventional means, the possibility of
Subsequently, the quantities and categories of nuclear mate- terrorists using weapons of mass destruction (WMD) has
rial are presented that are under discussion for possible dis- gained new topicality.
armament negotiations and that, in principle, could fall Generally, it is no longer possible to make a clear-cut sep-
under international control and safeguards. As the Trilateral aration between physical protection and safeguards. Basic
Initiative and a possible Fissile Material Production Cut-off technical assumptions on scenarios involving misuse and
Treaty are instruments offering visions for future disarma- diversion by sub-national groups on the one hand, and
ment, the paper concludes with a discussion of their statuses national attempts at manufacturing weapons of mass
and perspectives. destruction on the other hand, are becoming more and more
similar. The ongoing evaluation process regarding the differ-
Factors and Developments of Importance for ent risk levels of misuse and diversion lead to the conclusion
Disarmament and Safeguards that a holistic view of the overall nuclear materials control
The following factors and developments may be of impor- should be applied and standards set without differentiating
tance for the outlined problem and can give some indications between national and sub-national threat structures.
for a possible interface and have some impact on disarma- The TAEA has tightened its physical protection program
ment and safeguards. in general and, in particular, with regard to the theft as well
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as diversion of nuclear materials. From a technical point of
view measuring and monitoring systems designed for and
applied in safeguards could also be used for physical
protection.

Globalization and Liberalization of Energy Markets

It is realized that, due to the globalization and advancing lib-
eralization of energy markets, activities in the nuclear sector
are also more and more meshed at the international level.
This is particularly true for the nuclear services related to
supply and waste management. Germany, for instance, is
supplied with uranium enrichment services in the frame of
the multinational company URENCO. In addition, the
increasing globalization will further reduce the structural
differences between nuclear-weapon states (NWS) and n o n-
nuclear-weapon states (NNWS) as far as the commercial use
of nuclear energy is concerned.

Global Change and Sustainable Development
With a view to the assessment of innovative technologies
under the aspect of future supply scenarios, the concept of
sustainable development has proven to be a successful tool in
the energy sector. This includes anticipated innovations in the
nuclear sector as well. The eminent assessment criteria are
acceptance, economic efficiency, availability of resources,
and climate protection. In the frame of INPRO as well as of
Generation IV' innovative nuclear energy technologies are
being assessed using these criteria. Acceptance analyses place
particular emphasis on the aspects of plant safety and non-
proliferation. The question is: To what extent are the innova-
tive nuclear technologies under investigdion able to provide
an inherent increase of nonproliferation resistance?

It can be concluded that trends in the military area suggest
a transfer of excess weapon-grade material to the civilian
sector. Globalization of energy markets and the concept of
sustainable development ask for common standards when
safeguarding the peaceful use of nuclear energy in all coun-
tries, i.e., weapon states and non-weapon states. Both the
increased risk of terrorist acts against nuclear installations
and the possible misuse of nuclear materials ask for the
strengthening of these standards.

Characterization of Nuclear Material Flows

The starting point for the control of the nuclear material in
the nuclear fuel cycle is the uranium mining. However, the
starting point for the quantitative recording and balancing
for safeguards purposes is the production of yellow cake
from which nuclear fuel elements are manufactured. This is
when the nuclear material has a configuration appropriate
for accounting measures.

From the perspective of verification, the nuclear materials
present in the nuclear technical processes can be categorized
as:

* Civilian nuclear materials under IAEA safeguards

* Nuclear materials not under IAEA safeguards (i.e.,
predominantly military but also civilian materials)

* Nuclear waste materials.

In the NNWS of the NPT there is the possibility of ter-
minating IAEA safeguards on nuclear wastes under certain
conditions. In the NWS as well as in the states not party to
the NPT, nuclear waste is not under safeguards.

With regard to the termination of safeguards on nuclear
wastes the following can be stated. While it would be possible
to exempt vitrified wastes from reprocessing from safe-
guards, this would not be possible for irradiated fuel elements
from nuclear power reactors. In 1988, an international
c o nsensus was reached to keep spent fuel under IAEA safe-
guards as long as nuclear safeguards persist in the future.
That is why the IAEA already is interested in studying safe-
guards measures that might be appropriate for monitoring
decommissioned, backfilled, and sealed geological repositories
filled with spent fuel.

Table 1 summarizes the nuclear materials that the IAEA
has under its control. The materials are exclusively desig-
nated for civilian purposes in the states using the materials,
e.g., for electricity generation as well as research and devel-
opment. The distinction is made between the plutonium,
HEU, uranium-233, depleted, natural and low-enriched ura-
nium (DU, NU, LEU), thorium, and source material. In con-
trast to uranium, plutonium is not characterized by its iso-
topic composition. The uranium-235 isotopic content of
HEU is 20 percent and higher, while for DU it is less than
0.7 percent. NU contains 0.7 percent uranium-235 and LEU
between 0.7 percent and 20 percent. The term source material
is applied for NU, DU, and thorium in metallic form, alloy,
chemical compound, and concentrate.

Civilian materials may not be subjected to IAEA safe-
guards for two reasons:

e The materials are used in states that have not adhered
to the NPT. According to the INFCIRC/66 model
agreement, in these states only part of the nuclear
fuel cycle is under IAEA safeguards, whereas there
are also nuclear activities not under IAEA safe-
guards. Therefore, nobody is really able to decide,
to what extent these activities have civilian or mili-
tary character.

¢ In the five NWS, i.e., China, France, Russia, UK, and
the United States, having concluded voluntary-offer
agreements with the IAEA, the predominant part of
the civilian sector remains without IAEA safeguards.

For all of these states reliable information is lacking on
the quantities of nuclear materials not under safeguards.

As the TAEA does not control the military sector, the
quantities of weapons materials distributed around the
globe and their status of production can only be estimated.’
Moreover, there are very large quantities of enriched uranium
used for the propulsion of military submarines. Table 2 gives
the quantitative estimates of materials in the military sector.
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Table 1. Nuclear Material Quantities Under IAEA Safeguards

(as of end of 2000; quantities given in tons; [AEA Annual Report 2000, Vienna, July 2001, p. 102)

States with INFCIRC/153- States with INFCIRC/ Nuclear Weapons
Material Type type or Equivalent Safeguards 66-type Safeguards States (*)
agreements in force Agreements in Force
Pu contained in
irradiated fuel 534.4 27.9 80.5
separated Pu outside
reactor cores 12.5 0.1 59.7
Recycled Pu in fuel
elements in reactor cores 10.3 0.4 0
HEU 11.0 0.1 10.7
LEU 42,147 2,786 4,041
Source material 78,942 1,646 11,089

(*) including material from dismantled weapons

Table 2. Nuclear Material Quantities in Military Uses

(as of end of 1999; estimated quantities given in tons, with uncertainties;
Institute of Science and International Security (ISIS), www.isis-online.o1g)

HEU
State Plutonium weapon-grade Status
uranium equivalent
United States 100 635 Production halted
Russian Federation 130 970 Production halted
UK 7.6 15 Production halted,
but could purchase
HEU from United States
France 5 24 Production halted
China 4 20 Production believed
to be halted
Israel 0.51 ? Production continues
India 0.31 small quantity Production continues
) 0.005 0.69 Production likely
Pakistan accelerated in 1998
DPRK 0.03-0.04 - Production frozen
South Africa’ - 04 Nuclear weapons

dismantled, stocks
converted to civilian use

South Africa destroyed its nuclear weapons, adhered to the NPT, and subjected all its nuclear material to IAEA Safeguards.
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From the information about the quantities of peaceful
and military nuclear materials and their relevant categories
the following can be derived: First, the separation of peace-
ful and military nuclear activities in NWS, in particular in
Russia and the United States, is considered an important
step toward disarmament. However, due to the complexity
of their nuclear fuel cycles, this process will not be easy and
will take a long time, i.e., there is a major practical obstacle.
It can be seen from the European example that such a
process can be successful, as in the UK and France; due to
their Euratom commitments, such a separation has been
achieved. Furthermore, it is expected that the liberalization
of the energy market and also of the nuclear energy market
will give an important push toward separating peaceful and
military activities.

Secondly, the question of the safeguards effort must be
addressed, if the quantities of nuclear material listed above
are offered for disarmament and would come under interna-
tional control. It will be a matter of adapting the safeguards
intensity, in order to come up with cost effective solutions.
Compared to safeguards in the NNWS, frequency and scope
of inspections may have to be reduced, but the safeguards
principles should remain the same, e.g., accountancy, termi-
nating, and starting of safeguards. In conclusion, declaration
standards should be equal in all states, whereas verification
standards could be different.

Regarding the categories of material, the weapon-grade
plutonium is of special concern. For this material, cus-
tomized equipment that avoids the transfer of proliferation-
relevant information and know-how has to be developed. In
the frame of the Trilateral Initiative the principle of an infor-
mation barrier has emerged to tackle this problem.

Future Verification in Nuclear Disarmament

With regard to the future control of nuclear materials resulting
from nuclear disarmament, two options can be identified:
(1) the Trilateral Initiative and (2) the future Fissile Material
Production Cut-off Treaty (FMCT).

Trilateral Initiative

In 1996, the IAEA, the Russian Federation, and the United
States launched investigions on technical, legal, and cost
aspects in order to enable IAEA verification of weapon-ori-
gin fissile materials in Russia and the United States. This
effort became known as the Trilateral Initiative.

In the framework of the Trilateral Initiative, the United
States, Russia, and the IAEA intensely negotiate on the role
of IAEA safeguards related to the verification of nuclear
disarmament. The objective is to place nuclear materials
dismantled from warheads under IAEA safeguards, while
these nuclear materials must not be re-transferred into the
military sector.

So far, the government agreement of 2000-09-01 foresees
that the United States and Russia each isolate thirty-four tons

of unirradiated plutonium from their warheads and transfer
this material to facilities where the IAEA can verify and mon-
itor it. A measuring method that would allow the initial meas-
urement of sensitive nuclear material upon receipt by the
TIAEA without disclosing secret, i.e., proliferation-relevant,
information to the ITAEA inspectors is under development.

Basically, two questions remain unresolved:

e When should the IAEA safeguards be terminated?

and
* Is it possible to substitute materials?

The Fissile Material Production Cut-off Treaty (FMCT)
The attempts at limiting the production of weapons-grade
materials reach back to the early stages of using nuclear
energy in the early 1950s. However, only the end of the Cold
War gave tangible form to proposals by the Russian® presi-
dent in 1989 and by the U.S. president in 1993.

These proposals finally led to a mandate for the
Conference on Disarmament (CD) in Geneva. This mandate,
CD/1547, dated August 11, 1998, reads:

“Draft Decision on the Establishment of an ad hoc
Committee under item 1 of the Agenda entitled ‘Cessation
of the Nuclear Arms Race and Nuclear Disarmament’ ...
which shall negotiate, on the basis of the report of the
Special Co-ordinator (CD/1299) and the mandate contained
therein, a nondiscriminatory, multilateral and internationally
and effectively verifiable treaty banning the production of
fissile material for nuclear weapons or other nuclear explo-
sive devices.”

In addition, three years before the CD mandate was laid
down, resulting from the 1995 NPT Review Conference,
the Objectives and Principles for Nonproliferation and
Disarmament demanded a “nondiscriminatory and univer-
sally applicable Convention banning the production of fis-
sile materials for nuclear weapons and other nuclear explo-
sive purposes.”

Principal Requirements of the FMCT

In order for the FMCT to be effective and efficient, four

requirements—derived from the aforementioned results of

the 1995 NPT Conference—are considered to be of utmost
importance:

I.  Univwrsality: The FMCT shall be universally applied
on a global basis. This requires accession to both the
future fissile material production cut-off and the com-
prehensive test ban treaties, not only by the present
NWS but also by the threshold states of India, Israel,
and Pakistan and by the present NNWS. It is anticipated
that India, Israel, and Pakistan will play key roles in the
entry into force of the FMCT, i.e., without these states
the FMCT could not be considered universal.

II. Nondiscrimination: All rights and obligations arising
from the FMCT have to be equally applied to all parties
to the treaty.
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III. Irrewersibility: Fissile material inventories once
declared for civilian uses must not be devoted to mili-
tary purposes.

IV. Transparency: The compliance with both the prohibi-
tion of fissile material production for military purposes
and non-transfer of civilian inventories into military
uses must be reliably verified. The kind and scope of
the remaining military inventories must be as transpar-
ent as possible.

Scope of the FMCT

The FMCT should regulate the prohibition of the future pro-
duction of fissile material for the manufacturing of nuclear
weapons or other nuclear-explosie devices. In contrast, the
permitted processing for “known purposes” should include
the downblending of weapon-origin material, the fabrication
therefrom of mixed-oxide fuel assemblies and their use/irra-
diation in civilian reactors, alternatively the mere dilution
and immobilization of ex-military material in a stable
matrix, and the direct final disposal of spent/irradiated fuel
or immobilized material in geological repositories. Also, the
fabrication of fuel assemblies for ship propulsion should be
considered a permitted use. Facilities that have been used to
produce material for military purposes should be in the

focus of the FMCT, such as certain reactor types, enrich-
ment plants, and reprocessing plants.

Secondly, the FMCT should regulate the prohibition of
the transfer of fissile material from civilian uses to military
uses. In particular, fissile material that had been declared to
be in excess of what was needed for defense purposes and
had been submitted to IAEA safeguards is not to be re-trans-
ferred to military uses, like under the Trilateral Initiative.
These materials should then be categorized under “permit-
ted processing for known purposes” as specified above.

Verification of the FMCT

In Table 3, INFCIRC/540 forms the top layer of the safe-
guards system discussed in the following. The goal is to
arrive at a universal IAEA integrated safeguards system by
superseding the existing safeguards agreements, i.e., INF-
CIRC/153- and INFCIRC/66-type agreements as well as
voluntary-offer agreements. According to these agreements,
the states are categorized into three major groups, i.e.,
NNWS, NWS, and threshold states. In addition, there exist
regional safeguards agreements and the Trilateral Initiative
between Russia and the United States, which can be used to
further subdivide the states into seven individual groups—
G1 through G7.

Table 3. Possible Treaty Situations in Anticipation of the Implementation of
the IAEA Integrated Safeguards System

INFCIRC/540 + 153 INFCIRC/540 + Voluntary-offer agreement INFCIRC/
540 + 66
SSAC! RSAC? RSAC? RSAC* Trilateral RSAC
Initiative
Gl G2 G3 G4 G5 Go6 G7
All NNWS All NNW Argentina, China France, Russia, India,
Parties to within the Brazil United United States Israel, and
NPT (182) EU (13) Kingdom Pakistan
Integrated Integrated Integrated Some kind of Some kind of Some kind of Some kind of
TIAEA TIAEA TAEA integrated integrated integrated integrated
Safeguards Safeguards Safeguards IAEA TIAEA SG IAEA IAEA
+ + Safeguards + Safeguards Safeguards
Euratom ABACC Euratom
Safeguards Safeguards Safeguards

I State System of Accounting and Control
°. Regional System of Accounting and Control: Euratom Safeguards Office
’. Regional System of Accounting and Control: Argentine Brazilian Agency for the Accounting and Control of Nuclear Material
* In France and the UK, defense purpose materials are exempted from Euratom safeguards.
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In groups G1 through G3, comprehensive safeguards
agreements exist under the NPT according to the INF-
CIRC/153 Model Agreement for NNWS involving full-
scope safeguards under the IAEA’s current safeguards sys-
tem.

In groups G2 and G5, the treaty establishing the
European Atomic Energy Community (Euratom Treaty)
involves equivalent safeguards conducted by the Euratom
safegnards Office in all European Union (EU) states includ-
ing the NWS France and the UK.* While France and the UK
(see group G5) concluded voluntary-offer agreements with
the IAEA, up until now the IAEA has performed safeguards
activities only in connection with nuclear trade related to
NNWS. For all EU states the Additional Protocol will enter
into force on the date when the IAEA receives written notice
from the EU states and the Euratom Safeguards Office that
their respective requirements for entry into force have been
met.

The Quadripartite Safeguards Agreement (QSA)
between the IAEA, Argentina, Brazil, and the Argentine
Brazilian Agency for the Accounting and Control of
Nuclear Material (ABACC) regulates the safeguards
requirements in Argentina and Brazil (see group G3). In
addition, the QSA satisfies the requirements of Argentina
and Brazil under Article III of the NPT to conclude a safe-
guards agreement with the agency. However, Argentina and
Brazil have not signed the Additional Protocol.

China (see G4) has a voluntary-offer agreement with the
IAEA and an Additional Protocol in force.

The United States and the Russian Federation (see G6)
have voluntary-offer agreements with the IAEA and signed
INFCIRC/540. Both states have embarked on the Trilateral
Initiative that aims at the IAEA verifying weapons-origin
fissile materials released from the defense sectors and
declared excess materials. This is intended to be enabled by
concluding bilateral safeguards agreements between the
TIAEA and either state.

Finally, group G7 consists of India, Israel, and Pakistan.
While India and Pakistan demonstrated and confirmed
nuclear explosions, Israel has not done so. All three states
are termed threshold states, and it is in the highest interest of
the world community to include them into the global non-
proliferation regime. They have INFCIRC/66-type safe-
guards agreements in force with the IAEA. However, neither
of them has signed the Additional Protocol.

Summarizing the treaty situations, it can be stated that
the Additional Protocol INFCIRC/540 is the latest attempt
at overcoming the disparity of existing IAEA safeguards
systems under INFCIRC/153, INFCIRC/66, and voluntary-
offer agreements by implementing a universally accepted
approach. Moreover, it is the intention of the Russian
Federation and the United States that the IAEA is involved
in the nuclear disarmament process. The universal conclu-

sion of a FMCT would add another treaty layer, which might
not necessarily add new safeguards.

In principle, arrangements under existing safeguards
agreements persist. Additionally, INFCIRC/540 foresees
expanded declarations and universal reporting on the part of
the states, extended inspector access, environmental sam-
pling, and acquisition of additional information from open
sources including commercial satellite imagery on the part
of the IAEA.

The Additional Protocol provides the institutional frame-
work for extending the scope of nuclear material control
also to materials that will come under safeguards through
disarmament negotiations. While the basic technical tools
and instruments are available to implement this task, the
question is whether the IAEA will have available the addi-
tional budget and resources to cope with the effort. As
already stated, the trend is to save inspection effort in tradi-
tional safeguards in connection with the implementation of
the integrated safeguards. This can serve as a model to
reduce verification effort without compromising basic safe-
guards principles.

Conclusions

Following the 1995 NPT Review and Extension Conference
there have been both advances and a stalemate regarding
nuclear disarmament and its verification. Advances are
related to the development and implementation of integrated
safeguards, which are now being successfully introduced in
the JAEA. On the other hand, the adherence on the part of
important states to the new protocol additional to the safe-
guards agreements has not at all been satisfactory so far. The
Additional Protocol, with its different versions applying to
nuclear-weapons states, nonnuclear-weapons states, and
states outside the NPT, will provide a basis for the verifica-
tion in the nuclear disarmament sector.

For neptunium, a control scheme has been developed and
implemented, which is characterized by effectiveness and
efficient measures while forgoing detailed accounting and
follow-up measuring (low-level verification). In the area of
the Trilateral Initiative, a model agreement emerges that is
still awaiting its implementation.

Regarding the FMCT, no progress can be reported.

In order to pave the way for the future application of
nuclear energy, an international effort will be required to
counter the risk of terrorist attacks while enhancing the non-
proliferation regime as regards both horizontal and vertical
proliferation. In the civilian nuclear sector, the latter has
been achieved by introducing the provisions of the INF-
CIRC/540 Additional Protocol. In the military nuclear sec-
tor, adequate steps will be necessary, such as:

* Separating civilian and military nuclear activities

* Implementing the Trilateral Initiative

¢ Concluding the FMCT, and

* Providing a proliferation resistant fuel cycle.
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Coming back to the question asked initially, whether after
the 1995 NPT Conference, which resulted in the unlimited
extension of the validity of the NPT, sufficient and necessary
steps were made toward nuclear disarmament, the answer is
that some promising steps have been made and are still
being made. However, they do not at all meet the expecta-
tions.

Finally, it can be clearly stated that the IAEA is ready to
play the central role in the international control of nuclear
materials, facilities, and activities, which are of relevance for
disarmament. This is supported by the implementation of
the Additional Protocol and a new control scheme for nep-
tunium, negotiations related to the Trilateral Initiative, and
developments of new technical safeguards systems. Also,
the efforts in introducing a stronger cost-effectiveness ele-
ment in safeguards will support the agency’s role in this
process.
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End Notes

1. INPRO (Innovative Nuclear Fuel Cycle Program) and
Generation IV are initiatives in the JAEA and United
States to identify nuclear fuel cycle and reactor con-
cepts that will satisfy future energy needs complying
with Sustainable Development.

2. Although the Democratic People’s Republic of Korea
(DPRK) has adhered to the NPT, it is not clear whether
the DPRK possesses weapons material, as the JAEA
inspections necessary to resolve the problem are inhib-
ited by the DPRK government.

3. In 1989, the Soviet Union still existed.
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How to Deal with Monitoring and
Verification Challenges in a World with
Low Numbers of Weapons and
Large Stocks of Nuclear Material

J. W. Tape
Los Alamos National Laboratory
Los Alamos, New Mexico U.S.A.

]
Note: The views expressed here are personal and do not world is believed to be more or less secure, and has been the
represent official positions of the Los Alamos National subject of a number of reports.® Verification and supporting
Laboratory, the University of California, or the U.S. gov- technical monitoring measures can potentially cover a very
ernment. broad spectrum of activities and indicators, including deliv-
ery systems, production and manufacturing infrastructures,

Achieving deep reductions in numbers of nuclear weapons, stockpiles of weapons and nuclear materials, and the
leading to their ultimate elimination, has been a goal of some processes associated with the reduction, dismantlement, and
in the international community for many years. However, disposition of nuclear weapons. In the context of ensuring
only with the end of the Cold War has there been even a irreversibility of arms reductions, the control of nuclear
remote possibility of starting down this path. The 1990s saw materials is seen as playing a central role in future agree-
a number of studies and reports relating to the desirability ments and treaties such as a production cut-off and the mon-
and feasibility of a nuclear-weapon-free world, including, itored transfer of excess military materials to civilian uses as
for example, the Canberra Commission report,' the Getting a part of their disposition. It is the question of monitoring
to Zero project of VERTIC,? and The Nuclear Turning nuclear materials in support of arms reductions that I want to
Point.*> The NPT 2000 Review Conference drew attention to address here.
the progress, or lack thereof, depending on one’s views, There is, of course, considerable international experience
made by the nuclear-weapons states on Article VI of the in monitoring nuclear materials for nonproliferation, and it is
treaty. In a statement of the five nuclear powers, the delega- tempting to merely import these international safeguards
tions of France, China, Russia, the United Kingdom, and the measures for arms reduction. However, the goals and objec-
United States “...reiterate our unequivocal commitment to tives of nonproliferation and arms reductions may not be
the ultimate goals of a complete elimination of nuclear similar, at least until there are no longer any known nuclear
weapons and a treaty on general and complete disarmament weapons, and there are important pragmatic issues to be
under strict and effective international control.” addressed for arms reductions for which nonproliferation

The final document issued by the 2000 NPT Review monitoring solutions may not constitute the best approach.
Conference noted that among “the practical steps for the sys- At the least, a reasoned debate is warranted regarding inter-
tematic and progressive efforts to implement Article VI... national approaches to monitoring nuclear materials for
and... the 1995 Decision on Principles and Objectives for arms reduction purposes.
Nuclear Non-Proliferation and Disarmament...[is] the fur- It is widely acknowledged that verification systems can-
ther development of the verification capabilities that will be not provide 100 percent assurance of compliance with
required to provide assurance of compliance with nuclear treaties and agreements. Furthermore, if one is willing to set
disarmament agreements for the achievement and mainte- aside the political significance of low levels of noncompli-
nance of a nuclear-weapon-free world.”* Effective verifica- ance to focus on militarily significant cheating, the required
tion, although important to arms reduction in general, is cen- performance of monitoring systems and the quality of veri-
tral to the question of whether or not a nuclear-weapon-free fication conclusions are very much a function of the overall
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security environment. The question of how effectively we
must monitor nuclear materials in a world with zero nuclear
weapons is already answered to some degree by the stan-
dards adopted in the nonproliferation context, although
these standards, which would almost certainly have to
include universal adherence to the new strengthened safe-
guards measures, might be re-examined as zero is
approached. The International Atomic Energy Agency
(IAEA) system of safeguards, the monitoring system of the
NPT, is designed for “the timely detection of diversion of
significant quantities of nuclear material from peaceful
nuclear activities to the manufacture of nuclear weapons or
of other nuclear explosie devices or for purposes
unknown, and deterrence of such diversion by the risk of
early detection.””

The standards adopted by the IAEA are such that a sig-
nificant quantity is related to the quantity of material
required to manufacture a nuclear explosive device; taken
to be 8 kg in the case of plutonium.® Thus, what arms con-
trollers might term the “breakout” quantity of material for
nonproliferation is the amount that would be required to go
from zero to one weapon, and it would seem in a world
with zero nuclear weapons, a standard like this one would
have to be applied universally. In some sense, from a policy
perspective, this is the trivial case of the nuclear materials
monitoring problem—everything and everyone must be
held to the same standards, whatever they may be. It is
worth emphasizing, however, that reliable implementation
is unlikely to be trivial. Monitoring, and reaching verifica-
tion conclusions, will provide the utmost challenge to tech-
nologists and inspection institutions, and will have to
address very difficult questions such as confidence in initial
inventory declarations and the possible existence of hidden
stockpiles.

The nontrivial nuclear materials monitoring policy ques-
tions arise in situations that range from the present condi-
tions to those that would obtain with very low, but non-zero,
numbers of nuclear weapons. Although some have sug-
gested that all controls over nuclear materials for arms con-
trol/reduction purposes should be similar to international
safeguards, this view may not be practical or cost-effective.
Thus, there is the possibility of nuclear materials monitoring
systems with dual standards, one for states with nuclear
weapons engaged in deep reductions or already at low lev-
els, and one for nonnuclear weapons states committed to
nonproliferation. Would such dual standards be possible?
Would they facilitate irreversible deep reductions? Would
they undermine nonproliferation standards or otherwise
damage cherished nonproliferation norms? Would dual stan-
dards make the eventual transition from low numbers to zero
more or less secure? Does the concept of universality mean
complete participation in the undertaking or the application
of the same standards to all regardless of circumstances?
Finally, would dual standards be desirable?

To help address these questions, consider the following
scenario. The world consists of a handful of states with
nuclear weapons, each with no more than 250 weapons total —
strategic, tactical, reserve, etc.” Peace has not broken out,
and these weapons are an integral part of each state’s security
posture. The NPT remains in force and a universal fissile
materials production cut-off treaty with associated monitoring
provisions has been implemented. Nuclear materials result-
ing from weapons dismantlements are declared excess to
defense needs and placed under international monitoring
using IAEA-state bilateral agreements based on a model
developed under the Trilateral Initiative. Civil nuclear power
and its associated inventories of nuclear materials remains in
use at today’s levels, resulting in civil inventories of pluto-
nium, both separated and in spent fuel, that greatly exceed
the quantities produced for all the weapons programs. All
the world’s civil facilities and materials are under some form
of international safeguards. Thus, all states are party to a
treaty requiring the monitoring of some or all of its nuclear
materials. The TAEA has the job of monitoring all the
nuclear materials in the world subject to these treaties and
agreements. The question of dual standards can now be
addressed in the context of a proposal; that the allocation
of scarce inspection resources—both technological and
p e rsonnel—within the IAEA Secretariat should be based
on pragmatic considerations in support of the technical
objectives of the relevant agreements, taking account of the
technical risks, and the consequences of failures in the moni-
toring system.

To focus the discussion (and to stimulate debate), it is
useful to derive a crude arms reduction equivalent to the
safeguards significant quantity (8 kg of plutonium). In doing
this, however, it is important to emphasize that these signif-
icant quantities are being used here, in part, as symbols for
a larger and more complex set of inspection standards and
procedures.

For a state with 250 weapons, breakout by another
weapons state with 250 weapons is taken to be a doubling—
to a total of 500 weapons. In a nuclear materials monitoring
context, this requires an amount of material for 250 weapons
and the ability to rapidly (or without detection) fabricate
them. If we postulate experienced weapons states might be
more efficient in their manufacturing than assumed by the
TIAEA," and take a hypothetical mass of 4 kg as sufficient for
one nuclear explosive device, then the arms control breakout
quantity becomes 1,000 kg, or one metric ton of plutonium.
From a security standpoint, the monitoring system to ensure
compliance by the weapons states with their arms reduction
commitments should be designed and implemented to detect
the rapid (within one year?) production or diversion of one
metric ton. (There would also have to be comparable confi-
dence in initial inventory declarations and the absence of
hidden stockpiles.) At the same time, the corresponding
standard for nonproliferation commitments on civil materials
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in non-weapons states would remain 8 kg (with a detection
time on the order of weeks for pure materials). Although not
all inspection activities and resource requirements are a
function of these quantities, these two standards would lead
to very different inspection systems and utilization of
resources within the IAEA.

It is worth noting that advances in monitoring and
inspection technologies will be important for all nuclear
materials verification activities, and can potentially play a
role in diminishing the apparent large differences in these
proposed arms reduction and nonproliferation inspection
standards. For example, continuous, unattended surveillance
systems for plutonium stores are likely to look very similar
whether the goal is the detection of diversion of 8 kg or
1,000 kg. On the other hand, significant differences will
arise in areas such as inventory (re)verification in which the
two standards dictate different levels of intrusiveness and
inspection effort.

Returning to the questions posed earlier in the specific
context of this scenario:

Is it possible to apply different standards for monitoring
nuclear materials within one institution such as the IJAEA?
Technically, the answer should be yes. Inspection systems
can be designed and inspectors trained to meet different
objectives. Today the IAEA conducts inspections under
INFCIRC/66 (limited to specific facilities and subject
material) and INFCIRC/153 (full-scope safeguards).
Furthermore, some states have signed and ratified the addi-
tional protocol (INFCIRC/540) while others have not, leading
to the prospect of differing standards as these measures are
implemented. Different standards might complicate life
somewhat, but they should not present a fundamental obstacle
to implementation.

Would different standards for international nuclear mate-
rials monitoring facilitate deep reductions? Most likely, yes,
(although some might argue unilateral actions with no
required monitoring would result in the most rapid reduc-
tions). States with nuclear weapons will be reluctant to
expose more of their sensitive national security apparatus to
monitoring and inspection than is necessary to meet the
technical objective of ensuring irreversible reductions.
Standards derived from arms reduction and related security
considerations (e.g., breakout) are likely to be embraced
more readily than those that are seen as not contributing
directly to enhanced security. Cost will also likely be a sig-
nificant consideration, with all states being unwilling to pay
for measures with marginal demonstrable contribution to
improvng security.

Would different standards undermine nonproliferation
standards and norms? The technical dimension of this
answer is no, but the political dimensions are more complex
and could be seen as yes. In this regard, the obligations of
the nuclear weapon state (NWS) parties to the NPT relate to
Article VI, and do not include a commitment to submit to

equal pain under safeguards. Nevertheless, as illustrated by
the so-called voluntary-offer agreements (VOA) undertaken
by each of the NWS, there has been some desire in the inter-
national community to at least make the NWS aware of the
pain of safeguards. In addition, there has been a desire by the
United States to lead by example and to submit to VOA
measures, including placing unclassified excess weapons
materials under IAEA safeguards. The interest of some
states subject to safeguards in lessening their perceived bur-
den should not be discounted either. Adopting arms reduc-
tion monitoring standards for safeguards, although not justi-
fied technically, would be tempting for those who believe
that current safeguards are excessive (at least for them).

Would different standards make the ultimate transition to
zero more or less secure? The answer here is it depends on
how the standards are managed, along with many other key
provisions, as true zero is approached. Some argue that true
zero is so uncertain and the monitoring and verification chal-
lenges so daunting that we should understand zero to mean
numbers like 200 weapon cores separated from warheads and
delivery systems." In any case, evolving arms reduction-
based nuclear monitoring standards, and perhaps those for
nonproliferation as well, from a world near zero to one of true
zero, will be one of the more straightforward problems.

What about universality? In this scenario, all states are
participating in some kind of nuclear materials monitoring,
either for arms reduction or nonproliferation purposes.
Thus, there is a universal norm associated with the control
of nuclear materials; however, the standards applied to mon-
itoring and inspection activities are specific to the technical
objectives of the agreements to be verified. This kind of
approach has been discussed for a fissile materials cut-off
treaty, in which states under full-scope safeguards (and their
associated standards) would be considered to meet the obli-
gations of a cut-off treaty, while weapons states and those
not under safeguards might be subject to a focused verifica-
tion approach for cut-off that concentrates on enrichment,
reprocessing, high-enriched uranium, and separated pluto-
nium and that, for example, does not require inspections at
power reactors and spent fuel repositories.'

Finally, and as a conclusion, are dual standards for mon-
itoring and verification desirable? On balance, the answer is
yes, because pragmatism and cost-effectiveness must win
out over more political agendas if we are to reach the very
ambitious goals represented by a world with even low num-
bers of nuclear weapons. The opportunities are too great and
the costs of failure are too high to sacrifice the possibility of
adequately verifiable deep reductions for the sake of the
“purity” of a common monitoring and verification standard
applied to all states under all circumstances. There is much
to be learned from the application of international safe-
guards, and proven technologies to be borrowed, but it is not
necessary or desirable to apply safeguards to all nuclear
materials until true zero is reached.
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The Trilateral Initiative:
Getting Ready

Thomas E. Shea
Trilateral Initiative Office
Department of Safeguards
International Atomic Energy Agency

]

Abstract Introduction
This paper summarizes the accomplishments of the In the Final Document of the 2000 NPT' Review
Trilateral Initiative to date and identifies the future steps Conference, under the part pertaining to Article VI of the
foreseen. Treaty,” all 187 NPT state parties agreed to include the fol-

Fissile material controls offer perhaps the most obvious lowing action: “Complete and implement the Trilateral
means through which the international community can par- Initiative.” Placing this statement in the Review Document
ticipate in verifying progress towards nuclear disarmament. gives the Trilateral Initiative a certain amount of recognition
Controls on excess military stocks of fissile materials can and places it on the future NPT agenda. It is number eight of
provide assurance that those fissile materials are not thirteen points to be taken up at the next review of Article VI
returned to military use, and provide one means through in 2005, and at the preparatory committee meetings leading
which the international community can encourage nuclear up to the 2005 NPT review.
arms reductions and steps to decrease the nuclear-weapon The Trilateral Initiative was launched in 1996 following
production capabilities of states possessing nuclear independent statements by the president of the United States
weapons. The Trilateral Initiative was launched in 1996 to beginning in 1993, and by the president of the Russian
investigate the technical, legal, and financial issues associ- Federation in 1996. It is an initiative between the IAEA, the
ated with IAEA verification of weapon-origin fissile mate- Russian Federation, and the United States in the context of
rial released from the military programs in Russia and the Atrticle VI of the NPT. The Trilateral Initiative has endured
United States. Most of those fissile materials remain in clas- change and challenge; new governments have been elected
sified form, or with classified characteristics. The high costs in both countries since then and all of the principals guiding
and long process times required for the disposition of those this initiative have changed.
materials suggest that for the Trilateral Initiative to provide Every nuclear weapon uses one or more fission energy
a significant impact, the amounts of fissile material submitted elements, and every fission energy element of every nuclear
must be as large as possible and as soon as possible; hence, weapon requires certain fissile material, generally plutonium
the JAEA must be able to verify fissile material with classified containing 93 percent or more of the isotope *Pu, or highly
characteristics. enriched uranium. Controls on the possession, production,

Six years on, technical concepts and prototype equipment and use of such materials are the basis for the international
suitable for such a verification mission have been developed nonproliferation regime. For the same reasons, as the
and demonstrated, the elements of a legal framework have nuclear-weapon states party to the NPT move to meet their
been defined and drafted, preliminary cost estimates have obligations under Article VI of the treaty, controls on fissile
been made and alternative financing arrangements have been materials will be important: a treaty banning the production
identified. The Trilateral Initiative has come to the point of fissile material for use in nuclear weapons or other
where several challenges must now be met: the technologies nuclear explosive devices, together with a framework for
and inspection procedures must be proven under realistic con- placing fissile materials from dismantled nuclear weapons
ditions so that the national certification and IAEA authentica- under verification will be a central part of a future interna-
tion concerns can be assured; several bilateral issues need to tional nuclear disarmament regime.
be resolved between the United States and the Russian The Trilateral Initiative was undertaken to examine the
Federation; and the legal framework and some remaining technical, legal, and financial issues associated with IAEA
verification issues need to be settled. verification of weapon-origin and other fissile material

released from military programs in those two countries. The
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initiative has been pursued with a constructive cooperation of
seeking solutions to the unique challenges posed. The climate
has from the beginning been one where the technical experts
from the two states and the IAEA could come together to find
solutions that would represent a balance between three per-
spectives: the perspective of the victim, in which the state and
facility operators would have to accept intrusive IAEA
inspections in sensitive locations and perhaps on classified
items; the perspective of the benefactor, in which each state
would obtain information on the other through a cooperative
arrangement that would contribute to continued improvement
of the bilateral relations; and the perspective of the salesman,
providing the international community with an important role
in relation to nuclear disarmament, and information on
progress towards nuclear disarmament, so much so that the
international community would be willing to pay the fees
required for IAEA inspections.

In this sixth year, the Trilateral Initiative has come to the
point where the nature of the work and the challenges are
changing. Some have to do with the work completed so far,
some arise from the bilateral relations between the two
states, and some have to do with the upcoming 2005 NPT
Review Conference.

In this article, progress under the Trilateral Initiative will
be summarized, and the issues ahead will be examined.

Aims and Objectives

The initiative is intended to establish a verification system
under which states possessing nuclear weapons might submit
excess weapon material. It involves only Russia and the
United States; if it is successful, meaning that agreements
are concluded with both states, then to some extent, the
outcome of the initiative will serve to encourage other states
possessing nuclear weapons to undertake similar arrange-
ments.’

There are various possibilities for the starting point of
such a verification system and, depending on when it occurs
and on the scope of verification, placing excess weapon mate-
rial under IAEA verification could serve different purposes:

o If the fissile material has been processed to the point

that it no longer has any properties that could reveal
classified information, then bringing that material
under inspection with an undertaking that it cannot be
re-used for any military purpose serves two purposes:
a) capping the capabilities of the state (especially
when combined with a production ban) and b) pro-
viding a means to build confidence and thereby
encouraging further arms reductions and increasing
the amounts of excess material subject to inspection.
* Including provisions for inspecting fissile materials
that still contain classified information could add an
additional benefit: allowing the submissions to pro-
ceed much faster than otherwise, given the high costs
and lengthy periods required for converting weapon

materials to unclassified forms. Allowing IAEA ver-
ification of weapon materials having classified prop-
erties can only be considered if the state—and the
TAEA—is convinced that the verification process will
not reveal such properties.

* Including provisions to confirm that the properties of
items submitted are characteristic of nuclear-weapon
components could allow monitoring of the arms
reduction process.

» If the measures above are implemented, then in prin-
ciple, it would be possible to begin verification at the
point where warheads are de-mated from their delivery
systems, allowing for verification of specific arms
reduction measures.

Under the Trilateral Initiative, verification encompasses
the first rwo steps. There are significant challenges in these
two steps, and success here may open the possibility of
broader measures in the future, as progress towards nuclear
disarmament warrants. Under the Trilateral Initiative, most of
the technical work carried out thus far has been devoted to
developing verification methods that would allow the states to
submit fissile material with classified characteristics, including
intact components of dismantled nuclear warheads.

Starting with classified forms of fissile material is justi-
fied on two grounds. First, waiting for the processing needed
to remove the classified properties could require decades to
pass before the weapon materials could be submitted for
verification. Delays of that sort could make controls on fissile
materials pointless. Second, if a verification scheme for
classified forms of fissile material could be implemented, it
would provide useful transparency and encourage further
steps, while opening the possibility for extending the role of
international verification in relation to nuclear disarmament.

In participating in the Trilateral Initiative, the IAEA
Secretariat has recognized the unique opportunity to develop
the first international verification in relation to nuclear dis-
armament. Accordingly, the IAEA Secretariat has main-
tained that three fundamental conditions would be essential
for IAEA participation in such a mission:*

* Each state would decide which fissile materials it
would submit to IAEA verification, in what form
they would be and where they would be located. But
once submitted, the commitment by the state would
be irrevocable—the fissile material would not be
used thereafter in any military program.

* Moreover, in the spirit of the language of Article VI
of the NPT, once fissile material is submitted, JAEA
inspections would be obligatory.

* TAEA inspections would only be undertaken if assur-
ance could be provided that those inspections would
lead to credible and independent findings.

Each of the parties has brought other interests, but from

the point of view of the IAEA Secretariat, these conditions
are seen as essential.
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Technical Requirements and Methods

To verify classified forms of fissile material, the states must
restrict the information provided to the IAEA and must con-
trol inspector activities to ensure that IAEA inspectors do
not acquire classified information relating to nuclear-
weapon design. There are further requirements that the
states may impose given the sensitive nature of the facilities
involved. The classification systems in place in Russia and
the United States share many common elements, however
each has specific features that have no parallel. These
requirements make it necessary to depart from the normal
practices applied by the IAEA in safeguarding plutonium or
highly enriched uranium employed in peaceful nuclear
activities. They impose new requirements on the verification
processes and equipment that can be used by the IAEA.
Allowing for classified forms of fissile material is justified
on the basis that waiting for the conversion of those materials
would marginalize the value of this effort, and raise questions
to the point that financial support might not be forthcoming.

The Trilateral parties agreed to pursue a verification
concept under which certain attributes characteristic of the
classified forms of fissile material would be confirmed.’
Accepting this attribute verification concept followed a
period of examination in which every known measurement
method was considered, beginning with those currently used
by the IAEA in safeguarding plutonium and highly enriched
uranium in non-nuclear-weapon states. It was concluded by
the security authorities of the two states that every quantita-
tive method identified could reveal classified information if
TAEA inspectors were allowed access to the raw measure-
ment data. Therefore, direct, quantitative measurements fol-
lowing normal IAEA safeguards practices were ruled out.

Since there were no acceptable measurement methods
that could be used without restrictions on the data that
inspectors could see, it was agreed that the measurement
methods capable of revealing secret information could be
used if ways could be found that would block the quantita-
tive measurement information from inspector view.

Two “levels” of verification are foreseen: one, Level 1,
would provide a screening measurement on 100 percent of
the items submitted to verification, and would either test
only one attribute (e.g., plutonium presence) or would test
more than one attribute, but with a relatively large measure-
ment uncertainty; the other, Level 2, would test all attributes
with sufficient precision and accuracy so as to confirm the
declaration of the state.

The technique incorporated in both Level 1 and Level 2
systems is referred to as “attribute verification with infor-
mation barriers.” If successful, meaning that in a given
application, both the state and the IAEA would confirm that
their respective requirements are met, such systems would
allow verification measurements to be made by the IAEA on
classified forms of fissile material, including warhead com-
ponents, in a way that would make it impossible for any

secret information to be revealed. At the same time, “attribute
verification with information barriers” should make it possible
for the agency to conclude that the verification is credible
and independent. While developed under the Trilateral
Initiative, this approach was awarded the distinction at the
Los Alamos National Laboratory of being an enabling tech-
nology potentially suitable for use in a range of arms control
initiatives.

Verification equipment intended for use in facilities
where fissile material with classified characteristics is present
will have to meet national certification requirements against
espionage. While in principle it might be possible for the
TAEA to provide its verification equipment for certification,
if the equipment were to fail to meet the state’s certification
requirements, the state would probably not reveal the rea-
sons for its rejection. Moreover, if the equipment met the
certification requirements, given the types of examinations
that certification would entail, the IAEA might not be able
to confirm that the equipment hadn’t been modified. Rather
than face this risk, the more promising avenue, and the one
being pursued, is to agree that all such verification equip-
ment be manufactured in the country where it will be used.
But this approach poses an additional problem, as normal
TIAEA authentication practices cannot be used under these
circumstances. To cope with this situation, a new authenti-
cation approach is being developed. Authentication remains
the most challenging IAEA task.

This attribute verification system with information barriers
comprises a neutron multiplicity assay system integrated
with a high-resolution gamma ray spectrometry system,
within a special environment that must prevent classified
information from being transmitted or otherwise conveyed
beyond its borders, while preventing any external signals
from tampering with the operation of the system. A security
watchdog system will disable the entire measurement system
in the event that any access way is opened, and the compu-
tational block and transmission devices to the inspectors’
readout provide the agreed outcomes without breaching
security restrictions. For short, the verification system is
referred to as an AVNG system.

The Trilateral parties agreed that the concept showed
promise, and on the basis of that, a generd technical
requirement and functional specifications were provision
ally adopted. Under a contract between Los Alamos
National Laboratory and the Russian Federal Nuclear
Center at Sarov, a full-capability AVNG system is being
constructed for test and evaluation in Russia. That AVNG
system will be certified by competent Russian authorities,
and assuming it passes all tests, would be suitable for use in
a Russian facility storing large amounts of weapon-origin
fissile material.

A separate contract will provide plutonium reference
materials for that AVNG system, intended to be used by the
TIAEA if the decision is made to proceed with a legal agree-
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ment. The plutonium reference materials alternatively pass
and fail all of the attributes in the test suite. The measure-
ment system and the reference materials will be certified by
the security officials of the state, and will be authenticated
for use by the IAEA. There remains significant work to
reach the point where this measurement system can be
accepted by the state and the IAEA, including the ongoing
certification and authentication requirement and the routine
inspection procedures—especially for data collection, analysis
and evaluation. A technical workshop is foreseen in the
summer of 2002 to continue to investigate the requirements,
available mechanisms and complementary staging of
authentication and certification.

Other technical work on inventory monitoring systems
has also been underway, emphasizing the elements of such
systems that might then be applied at specific facilities. In
addition to the work described on the full attribute verifica-
tion systems, work is also proceeding on inventory monitoring
systems for dedicated storage facilities for weapon-origin
fissile material, that will track material within the facilities
and assure that its identity, integrity and location are verified
at all times. These inventory monitoring systems will com-
bine the traditional safeguards containment and surveillance
measures. Where applicable, the protection of classified
information will be essential, national certification will be
required, and authentication remains a concern.

The bulk of this work has been carried out at laboratories
in the two states and at the IAEA. In the last year, however,
a technical visit was made to the BNFL plutonium storage
facility at Sellafield in the United Kingdom, and technical
workshops were carried out at the JNC Plutonium Fuel
Production Facility in Japan and at the European
Commission Joint Research Centre in Ispra, Italy. These visits
made it possible to benefit from the experience gained in
developing and applying IAEA safeguards at peaceful
nuclear facilities holding fissile materials.

As the work of the Trilateral Initiative moves past the
initial emphasis on concepts and basic system designs, the
focus of work now will be on getting ready for implementa-
tion. In effect, there is a need for the security authorities of
the states and agency experts to try out such systems in an
environment where there are no classified forms of fissile
material present. Discussions are underway to establish a
program of cooperative research and development at JRC-
Ispra, with the intention of having scientists from the
weapon laboratories of both states in residence, working
with IAEA and Ispra staff.

Legal Framework

Appropriate legal arrangements are necessary to engage the
TIAEA in the implementation of any new verification role.
For the IAEA, this would require the Board of Governors to
approve the legal document accepting the terms and condi-
tions, including the financing arrangements foreseen. Each

of the states would have to conclude such agreements in
accordance with its constitutional requirements. In principle,
suitable arrangements might be achieved through modifying
existing agreements or by introducing new agreements.
Each has pros and cons.

Under the Trilateral Initiative, we first examined whether
or not the IAEA voluntary-offer safeguards agreements
(VOAS) currently in force in the Russian Federation and the
United States might be suitable. There are advantages and
disadvantages. The chief advantage in using the VOAs is
that they already exist. However, there are some fundamental
problems with using the VOAs. For example:

a. The voluntary-offer safeguards agreements are just
that: voluntary-ofer agreements—they allow
nuclear-weapon states party to the NPT to submit
nuclear material and facilities to IAEA safeguards as
they decide, which would not be acceptable as the
basis for implementing a verification regime related
to nuclear disarmament;

b. Verification by the IAEA under the voluntary-offer
agreements depends on the availability of resources,
but there are currently no resources available for such
verification—and the VOAs do not provide a means
to secure the funding necessary for obligatory inspec-
tions. In the context of the NPT, it would be best if
financing for verification of nuclear disarmament car-
ried out in the context of Article VI of the NPT were
based on a reliable and predictable broad based
arrangement in which all NPT states contribute, in
much the same manner and for the same reasons as
for safeguards under Article III;

c. The state must make declarations in accordance with
standard safeguards requirements on the material and
facilities submitted to safeguards under the VOAs—
but if classified forms of fissile material are submit-
ted to verification, neither the Russian Federation nor
the United States could declare the properties of clas-
sified forms of fissile material without violating
Article I of the NPT and their respective national
laws;

d. Under IAEA safeguards, the IAEA carries out non-
destructive measurements of all relevant physical and
chemical properties of the nuclear material subject to
TAEA safeguards, and takes representative samples in
which all properties, including impurities, are meas-
ured to the highest standards of precision and accu-
racy—for classified forms of fissile material, such
measurements could clearly not be undertaken; and

e. The VOA safeguards agreements are a part of the
nonproliferation system; that system is intended to
prevent nonnuclear-weapon states from acquiring
even one nuclear weapon. In the present case, both
states possess thousands of nuclear weapons and are
in the process of reducing those to substantially lower
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levels, but the incremental reductions have very little
to do with proliferation, and the safeguards timeli-
ness, quantity and detection probability requirements
appropriate for nonproliferation are correspondingly
inappropriate for nuclear disarmament.

These shortcomings might be remedied through suitable
modifications to the VOAs. One advantage of staying with
the VOAs is that it might be easier for the governments to
approve a modification to an existing agreement than to
approve a new agreement. The Trilateral Initiative does not
seek to fulfill any treaty obligations,® after all, having its origin
in voluntary commitments expressed by presidents who are
no longer in office. To accommodate these provisions, the
protocols required would differ fundamentally from the
basic agreements to which they are attached, and could give
the appearance of creating special beneficial arrangements
for the application of IAEA safeguards in nuclear-weapon
states. Any such step that could undermine the IAEA non-
proliferation safeguards system would be a non-starter.

Moreover, there is another issue that bears mention: to the
extent that nuclear disarmament verification is undertaken
under a modification to a nonproliferation agreement, it
would lack the specific character and identity of an agreement
concluded specifically for the intended purpose of interna-
tional verification in the context of nuclear disarmament.

Anticipating that it might be preferable to develop new
agreements, extensive work has been carried out under the
Trilateral Initiative to define and draft the elements required
for new verification agreements. That work has progressed
to the point that the basis exists for negotiating individual
agreements between each state and the IAEA when each
state is ready to proceed.

Financial Considerations
What will it cost and who will pay for it?

Estimating the costs required for verification will depend

upon several factors, including:

a. The number of facilities to be inspected and the
amounts of fissile material or number of items con-
taining fissile material to be subject to inspection;

b. The nature of the operations to be carried out, recog-
nizing that the requirements will be lowest for static
storage facilities and will increase, particularly for
bulk handling facilities, and especially for facilities
requiring a continuous inspection presence;

c. The physical layouts of the facilities and the opera-
tional modalities;

d. The technical verification requirements, including the
frequency of inspections and the type and intensity of
inspection activities to be required;

e. The verifcation approaches adopted, especially
reflecting emphasis on technology as a means to limit
the numbers of inspectors required and the duration
of inspections, and making use of operator equipment,

where possible, or unattended monitoring systems,
and remote monitoring, where the security conditions
allow; and

f. Whether the facilities are located in the same geo-

graphic area or are dispersed.

As neither state has made any commitments thus far, it
would be speculative to suggest estimates. It is clear that
continuous inspection presence would be expected for facil-
ities converting classified forms of fissile material, and thus
those operations would be perhaps the most cost intensive.

The TAEA Board of Governors will be the body to
decide who will pay. A number of possibilities have been
identified, all of which represent a balance between the wish
to have a “polluter-pays-principle” in effect, to the sense that
the implementation of inspections in the context of the NPT
is a shared responsibility for a shared benefit, equally valid
for inspections required in non-nuclear-weapon states under
Atrticle IIT and for future inspections carried out in relation
to Article VL

The Steps Ahead

Preparatory meetings for the 2005 NPT Review Conference
will begin in the winter of 2002. As the completion and
implementation of the Trilateral Initiative is specifically
called for in the review of Article VI in the 2000 document, it
is certain to be on the agenda. The attention given to the
Trilateral Initiative may be greater because it represents the
only hope for international verification in relation to nuclear
disarmament at present. Concluding verification agreements
before 2005 could contribute to the success of the conference.

The Trilateral Initiative has already succeeded to a con-
siderable extent. It has served as an active forum for joint
development of solutions to common problems, and has
brought the IAEA into a new context. The prevailing spirit
has been one of mutual respect and cooperation, which has
encouraged the give and take needed for common solutions
to emerge.

But, after all, there is no commitment by either state that
the initiative will lead to a new verification role. That will
depend upon success in a number of areas, principal among
which are:

a. Continued improvement in the bilateral relations
between the Russian Federation and the United
States, especially in the areas of strategic arms reduc-
tions, missile defense systems, nonproliferation of
weapons of mass destruction and counter-terrorism;

b. Securing the funding required and implementing the
PMDA, including the early consultations with the
TIAEA;

c. Establishing acceptable arrangements for IAEA
inspections that do not conflict with bilateral trans-
parency measures; and

d. Proving to the satisfaction of the security authorities
of both states and to the satisfaction of the IAEA that
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the inspection arrangements, procedures and equip- 4.
ment can be implemented in sensitive facilities with-
out risk of divulging nuclear-weapon design informa-
tion, while allowing the IAEA to obtain credible and
independent assurance that the state’s declarations
are complete and accurate and that the commitments
made by the states are honored.

These problems are complex, and at this point it is not
clear when the conditions will be ripe for commencing
inspections, and bringing the Trilateral Initiative to a close. 5.
It is clear that in the forthcoming year, the Trilateral
Initiative will focus on the last point, and when the verifica-
tion concepts, procedures and equipment have been proven,
then the other issues will be more urgent.

End Notes

1. The Treaty for the Nonproliferation of Nuclear
Weapons (the NPT).

2. Article VI of the NPT is as follows: “Each of the Parties
to the Treaty undertakes to pursue negotiations in good
faith on effective measures relating to cessation of the
nuclear arms race at an early date and to nuclear disar-
mament, and on a treaty on general and complete disar-
mament under strict and effective international control.”

3. When the fissile material cut-off treaty is drafted, pro-
visions could be included allowing states possessing
nuclear weapons to submit excess military material for
wverification, in which case the Trilateral Initiative
precedents will prove to be useful.

For the IAEA to enter into an agreement to carry out such
a mission, approval by the IAEA Board of Governors and
the General Conference of member states would be
needed. The Trilateral Initiative has not advanced to the
point where it would be appropriate to seek such
approval. In the meantime, the Director General informs
the Board and the General Conference of progress, and
funding to support IAEA Secretariat activities is provided
through extrabudgetary contributions.

For plutonium, for example, the agreed set of attributes
consists of: a) presence of plutonium; b) isotopic com-
position characteristic of plutonium used in nuclear
weapons: *’Pu/*Pu = 0.1; and c) plutonium mass
exceeds an agreed threshold value.

Note that under the Plutonium Management and
Disposition Agreement (PMDA) signed in summer
2000, the two countries agreed to the symmetric dispo-
sition of 34 metric tons of weapon-origin plutonium.
There is a requirement in the PMDA for early consulta-
tions with the IAEA in relation to a verification role
foreseen for the IAEA. The fissile materials identified
in the context of the Trilateral Initiative overlap to some
extent those identified in the PMDA, and hence there
may be a connection.
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The FMCT from an
Industrial Perspective

Caroline Jorant
AREVA Group
Paris, France

]
Introduction nonproliferation regime. Whereas the NPT rests on a dis-
Since the adoption in 1995 of the “Shannon Report” and the criminatory basis reflecting the situation in 1968, and differ-
“Shannon Mandate,” many meetings have tackled the ques- entiates NNWS from nuclear weapon states (NWS), Article
tion of how to progress toward a Fissile Material Cut-off VI of the treaty committed the NWS signatories to work
Treaty (FMCT). Many ideas have flourished but, despite the toward nuclear disarmament.
good will of most, the negotiations have not yet begun and This commitment resulted in arms control negotiations
that is likely to remain the case for a long time. (SALT I and SALT II) and the Comprehensive Test Ban
The reasons for this paralysis lay, among other factors, in Treaty (CTBT)—which is still subject to the ratification
the inability of some states, i.e nuclear-weapon states, which process in the United States—and also in the development of
will be directly concerned with the implementation of such an export-control policy embodied at the international level
a treaty, to reconcile the different terms of the mandate with in the nuclear suppliers’ guidelines.
the political realities of the moment. An FMCT should be viewed as a further step in the direc-
It may seem a bit dangerous to encourage the develop- tion of arms limitation with a comparable aim as was
ment of many bright ideas and discussions that concur on reached by the NPT in relation to horizontal proliferation (to
only one fact—what was envisioned in 1995 does not appear avoid additional states having nuclear weapons) but directed
realistic in 2002—without providing a way out. toward vertical proliferation (to prevent states already pos-
When you create too many expectations for nonnuclear- sessing nuclear weapons from producing new material to
weapon states (NNWS) or for the public in general about increase their arsenals). Hence, as many accept, the objec-
nuclear disarmament, you also create a risk of distrust if tives and the verification regimes should not be identical and
you fail, and more significantly you run the risk of weakening this differentiation, which is not synonymous with discrimi-
the overall nonproliferation regime already in place, nation, should be accepted at the outset.
thereby threatening the viability of nuclear energy and
nuclear business. From the Fundamentals of the
The governments, industries, and individuals involved in Shannon Mandate
the development of the peaceful uses of nuclear energy The objective of the Shannon Mandate is a “ban on the pro-
should pay attention to that risk. Likewise, it should be the duction of fissile material for nuclear weapons or other
concern of all industries involved to react to the pessimistic nuclearex plosive devices.” This poses questions about what
assessment of the situation, or to an abusive exploitation of fissile material should be taken into account and about the
the difficulties encountered, and to propose ways to progress, definition of production.
although they might be viewed as a bit iconoclastic. Author’s note: Although the text of the mandate seems
clear in its reference to production, thereby excluding the
The Context stockpiles of material already produced at the time of the
It is useful to place the negotiation of an FMCT in the more entry into force, the Shannon Report itself states that the
global context of international efforts and commitments to a question of stockpiles might be addressed. This statement
nuclear-weapon-free world as compared to the regional does not simplify the discussion.
notion of nuclear-weapon-free zones. In addition, three principles are expressed. The treaty
The establishment of the International Atomic Energy should be nondiscriminatory, multilateral, and internation-
Agency in 1957, followed by the issuance of safeguards ally and effectively verifiable. A gain, these are only principles
agreements with member states and the Nonproliferation that should guide the negotiators and are subject to interpre-
Treaty (NPT) in 1970 were indeed major victories for the tation. Without discussing each of these items in depth, it is
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worth noting some examples of the issues raised.

Does nondiscrimination mean nondiscrimination
between all signatories or within each of the two categories
of states, which could be defined on a larger basis than the
NPT does as states possessing or not possessing a nuclear
weapon? Does nondiscrimination in the light of the safe-
guards agreements including INFCIRC/540 allow for some
differentiation, taking into consideration the overall national
situation and information provided?

Does multilateral mean universal? If the general concept
is that this type of treaty should be open to any state, would
it really be a violation to consider that multilateral could also
be interpreted as encompassing specifically targeted states,
that is, the states possessing a nuclear weapon that are
referred to below as the nuclear-weapon possessing states
(NWPS), encompassing India, Israel, and Pakistan (and not
only those NWS defined in the NPT)?

Although there is little doubt that the words internation-
ally and effectively verifiable do not necessarily imply that
the IAEA should be the verification tool, it is commonly
understood that this should be so. The flexibility remaining
in the mandate should be preserved, since it might be useful
to consider other verification methods or a mixture of dif-
ferent verification tools. One question that is addressed by
the terms relates to the credibility of the implementation but
also to its efficiency, and this introduces the necessary con-
sideration of the financing arrangements.

Toward a Step-by-Step Approach
As is indicated above, the arms control and nonproliferation
commitments and endeavours are a complex and ongoing
process of which the FMCT is only a part and not, at least in
the NPT spirit, a final touch. The time may come when a
complete disarmament is implemented.

Today, if the negotiations have not yet started, it is
because of the complex issues that are at stake. Without
entering into the detail of those issues, which have already
been thoroughly and thoughtfully explored by various
experts on this topic, I would like to concentrate on the
description of a step-by-step approach within the logic of the
FMCT, which would go beyond the concept of a focused
approach as we know it today.

1. A Reduced and More Realistic Approach

a) A limited scope
Bearing in mind the main objective of the FMCT
described here, banning the production of fissile
material for nuclear weapons in a vertical nonpro-
liferation perspective would be a very valuable
achievement.

Accepting that as a priority, it is necessary to
have NWPS commit to stop producing the material
for this use. If holding stocks of such existing
material is allowed, then the verification that no
more material is produced should be satisfactory.

Assuming that those states that have devel-
oped elaborate programs are not to be considered
terrorists and that, above all, they possess sufficient
numbers of ready-made weapons or weapons-
grade material in stocks, then it would be nonsense
for them (politically and economically) to engage
in the diversion of civil, lower-grade material. In
comparison to the terms of the Shannon Mandate,
the words ‘“or other nuclear explosive devices,”
which make sense for NNWS under the NPT,
would be deleted.

The scope of verification would then have to
focus on the definitive closure of those facilities that
were dedicated to the production of high-grade
plutonium or highly enriched uranium, that is, the
material used in nuclear weapons, and in the
absence of clandestine facilities for such production.

b) A selected members hip
For the reasons explained above, this focused
approach to the facilities or material subject to ver-
ification would have meaning for the NWPS. For
the NPT NNWS states, this commitment has
already been made and its verification is already
being implemented under the NPT.

A focused participation limited to NWPS
would facilitate the negotiation process and avoid
the tricky comparison of the regimes that could be
implemented under such an arrangement with the
comprehensive safeguards concept underlying
TAEA verification in NNWS. At the same time this
would entail more reasonable budgetary implications.

¢) A specific verification instrument

Given the concerns that one may have for not con-
tributing to proliferation, it would be wise to con-
sider the possibility of a peer-review system to
strictly limit the number of people and possibly
countries involved in the verification of the dedi-
cated, specific facilities, and at the same time
achieve an efficient system based on the proper
expertise.

Considering the interest for an NNWS to be
guaranteed that one of the NWPS is not building up
its stocks of weapons-grade material (which are
still unknown), it is of utmost importance for each
of those NWPS to be assured that none of their
counterparts are cheating. Therefore, the credibil-
ity of the focused verification instrument should
not be questioned by the outsider states.

II. An Evolutionary Approach

a) FMCT—The focused approach
The system described previously should be viewed
as addressing one of the main challenges of the
exercise, that is, bringing the three non-NPT states
in the international arena of nonproliferation com-
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mitments without challenging the NPT order.

Once such a system is in place, it will be pos-
sible to raise the issue of verification for material
that might be used for other explosiwe devices, and
to find a way to provide a satisfactory and achiev-
able verification arrangement. A focused approach
on some target facilities, as has been suggested,
might be implemented.

In that respect, the system should benefit from
the use of already existing structures. Not only
should the verification of dedicated countries
through a specific agreement (among the eight
NWPS) be preserved, but where other multilateral
tools exist, like Euratom safeguards in the UK and
France, or the IAEA safeguards under voluntary
offer agreements, they should not be duplicated.
b) An extensive FMCT approach
A further step would be to encompass the existing
stocks, and beyond that, the weapons to be dis-
mantled. Once the political situation is ripe, and
when there is a general agreement of all NWPS,

one could consider an almost uniform system of
verification worldwide, giving the IAEA the task
of inspections but taking into account theexistence
of other tools with the appropriate relationship, to
ensure the trustworthiness of their activities. This
might well be in a very distant future when the
political and the technical background is dramati-
cally changed. It is therefore preferable to leave the
question open.

Conclusion

As a French saying goes, “Better is the enemy of good.” And
at least sometimes this may be true. Regarding the expan-
sion of the discussions about a FMCT, it is indeed important
to maintain the momentum, but the risks of a negative effect
on nonproliferation should not be overlooked. One should
never forget the general aim that lays behind the ambitious
Shannon Mandate. Governments should be reasonable and
realistic and, without rejecting the fundamentals of the man-
date, review their expectations in a long-term perspective.
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A View on the FMCT:
Its Importance and the
Verification Scheme

Hiroyoshi Kurihara and Susumu Muraoka
Nuclear Material Control Center
To kyo, Japan

Abstract

A global regime of nuclear disarmament and nonprolifera-
tion of nuclear weapons should evolve along with the
changes in the international environment. These changes
have occurred throughout history. During the early stage of
the Cold War era, the Nonproliferation Treaty (NPT) was
created and became the centerpiece of the global nonprolif-
eration regime.

The NPT Extension Conference in 1995 and the 2000
Review Conference identified that the negotiation and early
conclusion of the Fissile Material Cut-off Treaty (FMCT) is
a priority. Due to several reasons, however, the discussions
on the FMCT at the Conference on Disarmament are not
progressing. The importance of the FMCT is increased by
the recent changes in the international political situation, i.e.
problems with the Comprehensive Test Ban Treaty, START,
and the Additional Protocol to the NPT. When it does mate-
rialize, the FMCT will cap future increases of nuclear
weapons. Moreover, if the international community chooses
the approach of limiting the treaty’s scope to the future pro-
duction of fissile material only, and hence the treaty does not
touch upon the present stocks, it may be possible to obtain
the agreement of some nuclear weapon states (NWS) on the
substance of the treaty. Thus, commencement of discussions
on the FMCT will contribute to progress on global disarma-
ment and nonproliferation considerations.

Many issues should be discussed regarding the content of
the FMCT. Scope, definitions, verification schemes, structure
of the treaty, and conditions for the entry into force are
examples. Among those, the authors primarily will discuss
the verification issue.

The authors believe that the early conclusion of the
negotiations is most important in the present political envi-
ronment; therefore, the authors believe that some sort of
compromise is needed in selecting a verification scheme.
The authors will recommend that a type of focused verifica-
tion approach be taken. Then, the authors will discuss the

starting and termination points, initial inventory, and verifi-
cation activities against a state’s declared and/or undeclared
activities using routine and non-routine inspections.

Finally, the authors will express their opinions on possible
measures to accelerate the progress of international discus-
sions on the FMCT.

Introduction

Since it is not possible to restrict the possession of nuclear
weapons to a very small number of nations, and the possession
of nuclear weapons is synonymous with being a “hege-
mony”’ nation in the world (or in the region), and further that
excessive numbers of nuclear weapons have been accumu-
lated in the nuclear weapon states during the Cold War, the
agenda for nonproliferation and disarmament is a very
important political issue.

The global regime of nuclear disarmament and nonpro-
liferation of nuclear weapons has been developed and has
evolved in order to meet an ever-changing international
political and security environment.

Though the International Atomic Energy Agency
(IAEA) was established in 1957 and nuclear safeguards to
detect and deter the diversion of nuclear material to military
use have been incorporated into one of the major agency
objectives, the important instrument for controlling nonpro-
liferation in the world in the earlier days was not interna-
tional but rather bilateral measures. Nuclear supplier coun-
tries required the conclusion of a governmental agreement
with each recipient country before supplying nuclear mate-
rial, equipment, facilities, and technology, which gave sup-
pliers control rights, including safeguards and prior consent
for the transfer to a third party. Thus, a bilateral safeguards
system was implemented in the early stage, and Japan had
the experience of receiving American and Canadian inspec-
tors in connection with U.S.- or Canadian-origin nuclear
material in Japan.

With the entry into force of the NPT in 1970, the IAEA
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was required to establish a comprehensive safeguards system
based on the Article 3 of the NPT. This system (INF-
CIRC/153 and recently INFCIRC/540, the Additional
Protocol) is now widely used for the verification of nuclear
material and activities in nonnuclear weapon states (NNWS)
party to the NPT. The NPT has become the most widely rec-
ognized arms-control treaty (187 parties as of 2001). Thus,
the NPT and the IAEA safeguards system based on the NPT
is a centerpiece of the global nonproliferation regime. It is
not a panacea for the global nonproliferation objective. A
permanent nonproliferation regime is a mosaic of various
independent measures. Some examples of the pieces of the
mosaic are nuclear-weapon free zone treaties (NWFZ) e.g.,
the Tlatelolco Treaty, export control measures (nuclear sup-
pliers guidelines, etc.), the Convention of Physical
Protection of Nuclear Material and other physical protection
measures, Euratom safeguards, the Argentine-Brazil safe-
guards organization, bilateral governmental nuclear cooper-
ation agreements, Korean Peninsula Energy Development
Organization, and national material protection, control, and
accounting programs including the SSAC (State System of
Accounting for and Control of Nuclear Material).! The
CTBT is mainly a treaty for nuclear disarmament, but it con-
tains a nonproliferation element as well.

In the area of nuclear disarmament, again one can see
that several independent measures compose the general dis-
armament regime. The major ones are nuclear weapon
reduction treaties, such as the Strategic Arms Reduction
Treaty, commonly called START I and START 1I, and the
CTBT.

An FMCT could be a useful international instrument both
for nuclear disarmament and nonproliferation. The start of
actual negotiation is much anticipated, but it has not yet
occurred. The authors would like to describe in this paper
possible elements of the treaty. Specifically, the authors will
argue for the desirable formulation of the verification scheme.

Importance of the FMCT

Along with other disarmament and nonproliferation proposals,
there have been proposals since the 1950s for an agreement
to end the production of fissile material for nuclear weapons.
The United Nations General Assembly adopted Resolution
A/RES/48/75/L on December 16, 1993. This resolution
recommends “the negotiation in the most appropriate inter-
national forum 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.”

Since then many efforts were made at the Conference on
Disarmament (CD) in Geneva to capture this context. The
most comprehensive and successful effort was the Shannon
Report of 1995 (CD 1299), which articulated a mandate to
negotiate a non-discriminatory, multilateral, and interna-
tionally and effectively verifiable treaty banning the produc-

tion of fissile material for nuclear weapons or other nuclear
explosiwe devices. Since then, the pertinence of the Shannon
Mandate has been reaffirmed many times. Further the NPT
Extension Conference in 1995 and the NPT Review
Conference in 2000 recommended early commencement of
negotiations on the FMCT as a very important subject on the
nuclear disarmament/nonproliferation agenda. The CD,
however, has failed to commence the negotiations up to now.
Is the FMCT still an important issue for negotiation in the
present international political situation?

There has been no significant progress in the field of
nuclear disarmament in recent years. START I was imple-
mented, but START II was not approved by the United
States and Russia. Discussion on further disarmament
between the United States and Russia seems not to be pro-
gressing. Entry into force of the CTBT is not hopeful, at
least in the near future. The United States is tending to shift
to the direction of unilateral rather than multilateral under-
takings. This tendency looks unchanged after the terrorist
attacks in New York City and Washington, D.C., on
September 11, 2001.

As far as the sphere of nonproliferation is concerned, we
have many useful instruments available for this. However,
there are problems of universality or effectiveness. The con-
clusion of the Additional Protocol to the IAEA Safeguards
Agreement (INFCIRC/540) is a remarkable achievement,
but only some twenty states have yet put it into force. An
NPT Safeguards Agreement itself has not been ratified by
about fifty parties to the NPT, though none of those states
has significant nuclear activity in its territory. NWFZs were
created in the major part of the Southern Hemisphere as well
as Southeast Asia, but international efforts to create it in
other regions have not yet materialized.

Generally speaking, we cannot help but say that the
present situation is in stagnation or possibly a setback. We
need a breakthrough. Opening the discussion on the FMCT,
in addition to the merit for the progress on the disarmament
and nonproliferation objective in itself, can be a symbol of
reactivation on the subject.

In the authors’ view, the FMCT gives us very significant
benefits. Those include:

e The FMCT would put in place a worldwide, leglly
binding, and internationally verifiable ban on the pro-
duction of fissile material for nuclear weapons or
other nuclear explosive devices. This is far better than
the present situation in which only some NWSs have
declared voluntary moratoria on production;

e The FMCT would accelerate the discussions on the
stocks of fissile material in NWS, even if the FMCT
does not deal with stocks directly;

* The FMCT would be a very important supplementary
measure to the NPT for nonproliferation purposes.
The threat of proliferation of nuclear weapons or
other nuclear explosive devices by non-state actors
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became more serious after September 11, 2001, and
collective efforts by the international community are
called for. The FMCT could be useful for this pur-
pose; and,

* The world of nonproliferation is one of discrimina-
tion. Conclusion and entry into force of the FMCT
according to the Shannon Mandate will help to
decrease the discrimination brought by the NPT.

As far as the possibility of the commencement of neg o-
tiations and the successful conclusion of the FMCT are con-
cerned, the authors believe that the keys are: (a) whether the
CD succeeds in breaking the linkage problem or the inter-
national community decides to use another forum than the
CD, and (b) the contents of the FMCT, especially the scope
of the treaty, verification modes, and the conditions for the
entry into force (EIF). The authors will discuss these issues
in the following sections.

Scope of an FMCT

The authors would like to discuss three different topics
under this title: they are (1) stocks, (2) definitions (materials
to be dealt with in the treaty, etc.), and (3) import and transfer
from a third party.

Stocks
Whether stocks of fissile material should be within the scope
of an FMCT has been a critical issue in the international dis-
cussions. Most argue that the stocks would not be dealt
within the treaty, reasoning that the complexity of the situa-
tion of stocks in NWS causes great difficulty in reaching a
satisfactory resolution. What are the stocks? Are stocks the
fissile material in the warheads of nuclear weapons and
materials reserved for military purposes only, or do they
include fissile material for civil purposes? Andrew Barlow
discusses stocks of civilian purpose in his paper.” It seems
that discussions on the definition of stocks are necessary.
The complexity of the situation regarding fissile material for
weapons purposes is recognized, but does fissile material for
civilian use have a similar level of complexity? U.S. experts
point out that multilateral discussions are underway to
enhance transparency and irreversibility for the fissile material
in the NWS that is no longer needed for defense purposes by
application of IAEA verification, i.e., the Trilateral Initiative.
Recognizing the complexity associated with the situation
in the NWS, and understanding the fact that a successful
conclusion could not be reached without the consent of the
NWS, the authors propose that the scope of an FMCT be
limited to the verification of nuclear activities after EIF.
However, as discussed in the later section, the authors will
propose that the initial inventory of material to be declared
by the member state should include an inventory of all fis-
sile material existing in the state at the time of EIF, exclud-
ing fissile material for nuclear weapons or other nuclear
explosive devices.

Definitions

The authors will examine two definitions, namely fissile
material and production of fissile material. Fissile material
that will be banned for production of nuclear weapons or
nuclear explosive devices should be:

e Unirradiated plutonium of all grades (except that
containing 80 percent or more Pu-238);

e Unirradiated highly enriched uranium (HEU), i.e.,
uranium enriched to 20 percent or greater in U-235 or
U-233;

* Any material containing one or more of the foregoing;
or

* Any material defined as fissile material for the
purpose of the FMCT by a governing body of an
FMCT after EIF.

Low-enriched, natural, and depleted uranium or thorium
cannot be used directly to produce nuclear weapons or other
nuclear explosive devices. Likewise, plutonium and HEU con-
tained in spent nuclear fuel cannot be used for manufacturing
nuclear weapons, unless it undergoes chemical reprocessing.
Tritium is used in hydrogen bomb, but it is not fissilematerial.
Therefore, such material should not be defined as fissile mate-
rial. Minor isotopes such as neptunium and americium could
be included at a later stage as fissile material, if necessary.

The authors believe that production of fissile material
means the following activities under an FMCT:

* Separation of plutonium or HEU (including U-233)
from irradiated nuclear material at chemical repro-
cessing or other relevant facilities;

* Recovery of plutonium or HEU (including U-233)
from radioactive waste;

* Increasing the abundance of the isotopes U-235 or U-
233 in uranium or the isotope Pu-239 in plutonium
through any isotope separation process;

e Changing the use of fissile material’ from civil or
non-nuclear weapon or explosive device use to
nuclear weapon or other nuclear explosive devices
use after EIF; or,

* Any acquisition of fissile material for use in nuclear
weapons or nuclear explosive devices after EIF,
which does not fall into one of the previous activities.

Further, the authors will not consider the import of fissile
material for production of nuclear weapons or other nuclear
explosiwe devices into the territory as production, but such
action should be prohibited by an FMCT. The next section
describes this point in detail.

Import of fissile material for nuclear weapons or

other nuclear explosive devices

The authors examined whether importing fissile material for
nuclear weapons or other nuclear explosive devices (which
constitutes an expansion of stocks to be used for such pur-
pose) is prohibited by other international/multinational
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a) Under NPT

Exporter Importer Prohibition Verification
NPT-NWS! NPT-NNWS yes Article 3-TAEA SG?
NPT-NNWS NPT-NWS none or 7° none

NPT-NWS NPT-NWS none or ? none

NPT-NNWS NPT-NNWS ? Article 3-TAEA SG
Non-NPT State Non-NPT State none none

NPT-NWS Non-NPT State yes TAEA SG by Article 3.2
NPT-NNWS Non-NPT State none or ? TIAEA SG by Article 3.2
Non-NPT State NPT-NWS none none

Non-NPT State NPT-NNWS yes Article 3-TAEA SG

Notes:

1) “NPT-NWS” means nuclear-weapon state that is a party to the NPT, and “NPT-NNWS” means nonnuclear-weapon state that is a party to

the NPT.

2) Article 3-IAEA SG means IAEA safeguards based on Article 3.1 and 3.4 of the NPT.
3) Nuclear weapons or other nuclear explosive devices are not transferred under the NPT, but it is doubtful whether the transfer of fissile
material constitutes a condition of prohibition included in Article 1 or 2 (especially, without specifying that it is for nuclear weapon use).

instruments. The result is the following:

(b) Present export control regime

All regulations in the existing export-control regime for
nuclear-related items are related to the transfer to NNWS.
Transfer to NWS is outside of the scope of the export control
regime (except re-transfer to a third country).

By this analysis, the authors believe that there are some
problems for the regulation of the import of fissile material
for nuclear weapons or other nuclear explosive devices in
the present regime. Therefore they recommend the inclusion
of provisions for the prohibition of import of fissile material
for nuclear weapons or other nuclear explosive devices in
an FMCT.

Verification
Verification activities required by an FMCT should be
guided by three basic criteria: effectiveness, non-discrimi-
nation, and cost considerations. In a way, effectiveness and
cost are related. Seeking higher effectiveness requires higher
cost. We must find an optimization of both requirements.
Generally speaking, a comprehensive approach would have
a higher cost, but can have more thorough verification
results. A comprehensive approach would be a more satis-
factory solution from the non-discrimination requirement
viewpoint. Adoption of a comprehensive approach would
apply the same verification mode to both NWS and NNWS,
while a focused approach would apply a different verifica-
tion strategy to NWS and NNWS. In this case, one could
recall the bitter experience of discrimination/non-discrimi-
nation discussions in connection with the NPT.

In the next sections the authors will discuss the following
points briefly: (1) approaches, (2) starting point, (3) initial
inventory and reports, (4) non-proscribed activity, (5) termi-

nation, (6) undeclared activity, and (7) SSAC.

Approaches

There is an argument in the international community about
whether a comprehensive safeguards approach is appropriate
or a focused approach is better for an FMCT. In 1995, the
TAEA in a working paper stated the requirement for credible
verification as: “From the technical perspective, applying
verification arrangements to anything less than a state’s
entire fuel cycle could not give the same level of assurance
of nonproliferation of fissile material for nuclear weapons
purposes or for use in other nuclear explosiwe devices as it is
provided by the IAEA by implementing comprehensive
safeguards agreements in NNWS

Further, the IAEA stated recently regarding fissile material
subject to the treaty: “Fissile material subject to the treaty
might be listed in two categories. One category could be
identified as materials eligible for verification under the
treaty, which could include all fissile and fissionable materials
that could ...The second category could be a subset of the
materials eligible for verification under the treaty, ... materials
potentially subject to verification....”

However, many experts seem to hesitate to recommend a
comprehensie safeguards approach because of its
extremely high cost. Considering that there are more than
200 nuclear power plants in NWS, the authors believe a
strict application of a comprehensive safeguards approach to
an FMCT verification would not be cost effective.

The authors propose two possible approaches. One is a
focused approach and the other is a focused approach with
expanded requirements for reporting.

A focused approach has its starting points of verification
as the uranium enrichment process (facility) or chemical
reprocessing process (facility). Then verification continues
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at the downstream processes (e.g., chemical conversion
process, MOX-fuel fabrication process, and MOX fuel in
storage at a reactor), and termination of verification is either
at the time when MOX fuel is transferred into a reactor core
and irradiated, HEU is downblended to LEU, when there is
an export to outside of its territory or upon a determination
by a verification agency that the fissile material has become
practicably irrecoverable.

A focused approach with expanded requirements for
reporting means an approach with the same scope of verifi-
cation, but the state concerned has to report the name and
general nature of all facilities containing fissile and other
nuclear material in its territory, and the quantities of nuclear
materials (and fissile materials, if any) in these facilities
used for non-weapon (andexplosive device) purposes at the
EIF. These facilities and nuclear material are reported only,
not under verification.

The latter approach could provide a verification agency
easier implementation and more accurate results.

In both approaches, verification procedures for declared
activity and material and for undeclared activity and material
are needed. Also, a non-routine inspection regime, such as a
special inspection or a challenge inspection, will be
required.

It is recognized that a focused approach has a problem of
discriminatory attitude (a focused approach for NWS and
non-members of NPT, while a comprehensive approach for
NNWS by having FMCT verification measures rely on the
NPT safeguards system). We hope that the design of the
integrated safeguards concept within the NPT regime will
proceed further, and, by verifying the absence of undeclared
activities in a state, the burden of the comprehensive safe-
guards approach could be much reduced. In time, weexpect
the verification regime of the FMCT and of the NPT to reach
a similar level.

Starting Point of Verification

The authors generally agree with the descriptions given in a
paper presented by Bragin and Carlson at the Geneva
Workshop in May 2001. Followings is a quotation from
thatpaper.’

e “Plutonium, HEU, or U-233 contained in irradiated
fuel assemblies or special targets is introduced into
the initial process stage of a reprocessing plant or any
other facility (e.g., hot cell) capable of separating
subject material from fission products;

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

e any uranium (from depleted to HEU) is introduced
into the initial process stage of an uranium enrich-
ment plant or any other facility capable of uranium
isotopic separation;

e any plutonium is introduced into the initial process
stage of any facility capable of plutonium isotope
separation.”

Since the authors propose that the import of fissile mate-
rial for nuclear weapons or other nuclear explosive devices
from another party be prohibited under the FMCT, any
importing of fissile material after EIF is also regarded as the
starting point of verification.

As Bragin explained in his paper, a clear definition of the
initial process stage would have to be determined for every
type of facility mentioned above.

Initial Inventory and Report

One necessary element of the verification regime under an
FMCT is the state declaration. A verification agency’s activ-
ities rely on the contents and timeliness of declarations by
the state. At the EIF, the state must submit to the verification
agency its initial report, which may contain detailed descrip-
tions of plants, facilities, or other institutions subject to ver-
ification under the treaty, and the quantity and specification
of fissile material.

Fissile material in nuclear weapons or other nuclear
explosiwe devices, or in the activities associated with manu-
facturing such weapons or devices, existing at the EIF is not
included in an initial inventory. Such material is outside of
the scope.

However, fissile material used or intended to be used for
civilian (and non-proscribed military) uses or is no longer
needed for nuclear weapon manufacturing purpose at the
EIF should be reported to the verification agency. These fi g-
ures will be the basis for further verification activities.

As described above, a focused approach with expanded
requirements for reporting requires reports of the name and
general nature of facilities containing fissile material used or
to be used for nuclear weapons or other nuclear explosive
devices, and quantities of nuclear material (other than those
of fissile material to be verified by a verification agency) in
a state at the time of EIF.

Provisions for subsequent reports in an adequate time-
frame are needed to maintain continuity of knowledge.

Non-Proscribed Activity

While the production of HEU after EIF for naval propul-
sion should not be prohibited, it poses a different problem
for the verification agency. The production process con-
tains classified information, so a normal ‘erification
approach might not be adequate. It is certain that fissile
material must be traced until the material enters a naval
fuel-fabrication facility, and after the material used in a
naval reactor enters either a chemical reprocessing facility
or a storage facility (including ultimate disposal). The ver-
ification regime in between should be developed along the
lines of the Trilateral Initiative pursued by the TAEA,
Russia, and the United States.
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Termination
Verification will terminate in the following four cases:

* By irradiation of fissile material in a reactor core to a
certain high level, which prevents further use of
plutonium in nuclear weapons or other nuclear explo-
sive devices or HEU without chemical separation;

* By blending HEU or U-233 with depleted, natural, or
low-enriched uranium so that the uranium is no
longer defined as fissile material (i.e., less than 20
percent of U-235);

* By a verification agency determination that fissile
material has become practicably irrecoverable; or

* By exporting fissile material to another state.

Undeclared Activity

In addition to the verification agency’s activities on declared
activities and fissile material, an FMCT should include pro-
visions regarding undeclared activities.

We have two examples on this point, the IAEA safe-
guards system with measures included in Additional
Protocol (INFCIRC/540) and special inspection (INF-
CIRC/153), and the Chemical Weapon Convention (CWC)
including a challenge inspection mechanism.

When the scope of an FMCT is more precisely defined,
the mechanism to verify undeclared activities could be
developed in more detail. The authors consider at this time
that the model of the IAEA safeguards system including
Additional Protocol measures and a special inspection
mechanism is more appropriate than the CWC example.
Some shortcomings in the current special inspection mech-
anism should be rectified, and all systems should be adapted
according to the specific requirements of an FMCT.

SSAC

The establishment and maintenance of a state system of
accounting for and control of nuclear material (SSAC) is an
essential element of a safeguards agreement under the NPT.
Likewise, an SSAC has to be established and maintained for
an FMCT. Within the SSAC, fissile material that requires ver-
ification activities and the other fissile material that is outside
of the scope of an FMCT should be clearly distinguished.

H ow to Accelerate the Discussion on an FMCT

It is well known that the CD has been in trouble. After the
creation of the Shannon Mandate, substantial discussion on
an FMCT at the CD has never started. The so-called linkage
problem of an FMCT and other agenda items (e.g., disar-
mament in space) at the CD has continued thus far. In the
past few years, the governments interested in pursuing this
subject have organized international or multinational work-
shops and seminars from time to time outside of the official
CD negotiation process. This helps to keep some momentum.
But sporadic meetings do not contribute to an understanding

of various aspects of an FMCT. Participants, especially
diplomatic participants, in those meetings change year to
year; therefore, discussions must start from the beginning.

It is advisable to organize a series of meetings, inviting
diplomats, experts, and policy makers to discuss the possible
structure and contents of an FMCT. These meetings would
be outside of official CD meetings, but must in some way
closely be associated with the CD. The recent initiative of
the Netherlands Permanent Mission to the CD (exercise on
banning the production of fissile material) can be strongly
recommended.

The authors would argue that another forum might be
sought for the advancement of discussions on an FMCT, if
the CD continues to fail. If by the 2005 Review Conference,
the CD does not show any progress, it may be time to estab-
lish a basis for FMCT discussions at the IAEA secretariat.

Finally, the authors consider that an FMCT should have
some characteristics that attract possible future member
states. In the case of the NPT, the attractiveness for many
NNWS is Article 4, though it is a matter of debate whether
Article 4 turns out to be a real “carrot” for NNWS.

In the case of an FMCT, NWS, NNWS, and other non-
NPT states are expected to be member states. What attrac-
tions there are for each category of states is a matter for
future debate. The authors want to stress the importance of
including attractive elements for participating states in an
FMCT, apart from the original aims of arms control, non-
proliferation, and disarmament, to accelerate the discussions
and future acceptance of an FMCT.

Conclusion

The international circumstances for nuclear disarmament,
nonproliferation, and nuclear security are at the moment in
a difficult situation. Commencement of negotiation and
early conclusion of an FMCT were strongly requested at the
1995 and 2000 NPT Conferences. The international nuclear
community must seriously consider the acceleration of these
discussions. The authors hope continual, rather than spo-
radic, multinational discussions, which would not neces-
sarily be official CD negotiations, will begin so that the
international community will have a breakthrough from
the present stagnation in the arms control, disarmament,
and nonproliferation area.

End Notes

1. The authors enumerate various supply-side measures
here. The other type of nonproliferation measures (i.e.,
demand side measures) is not mentioned. Various polit-
ical, economic, and military measures, which
strengthen the disincentive to be a nuclear-weapon state
or weaken the incentive to become one, fall into this
category. Such measures require mostly state-by-state
or region-by-region analysis, while supply-side meas-
ures apply mostly worldwide.
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UK Department of Trade and Industry
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Abstract

A fissile material cut-off treaty (FMCT) would ban the pro-
duction of fissile material for nuclear weapons or other
nuclear explosive devices. The success of the treaty will
depend, inter alia, upon it having an efficient and cost-effec-
tive verification regime. This paper discusses a number of
the key werification issues, e.g. the materials to be covered
by the treaty and the treatment of stocks. It is suggested that
a treaty which focused on the materials that can be used
directly to make nuclear weapons or other nuclear-explosive
devices explode (i.e. essentially all grades of plutonium,
and uranium enriched to 20 percent or greater in **U or
#3U), and which excluded stocks, would stand the greatest
chance of successful negotiation. An outline of a possible
“focused” verification approach for an FMCT is discussed,
based on declarations of production and downstream facilities
and relevant material, verification of declared facilities and
material, and arrangements to detect any undeclared pro-
duction facilities. The benefits of an FMCT are also briefly
discussed.

Introduction

Nearly a decade has passed since 1993 when the United
Nations General Assembly (UNGA) adopted by consensus a
resolution recommending the negotiation of a non-discrimi-
natory, multilateral and internationally and effectively verifiable
treaty banning the production of fissile material for nuclear
weapons or other nuclear explosive devices, a fissile material
cut-off treaty (FMCT). Despite agreement at the Conference
on Disarmament on two occasions on the mandate for such
negotiations (in 1995 and 1998), no substantive progress has
been made. Whenever negotiations do eventually com-
mence, the two main issues for discussion are likely to be the
scope of the treaty and its verification arrangements. These
and related issues are discussed in this paper,' and an outline
of a possible verification regime is described.

Scope of an FMCT
The discussion on the scope of the treaty is likely to focus on:

* The materials to be covered by the treaty;

e Whether, in addition to banning their future produc-
tion for nuclear weapons or other nuclear explosives
devices, the treaty should also cover existing stocks of
these materials in some way; and

e Other related issues.

Materials
Given that an FMCT will be designed to ban the production
of fissile material for nuclear weapons or other nuclear
explosive devices, it is our view that it should focus on mate-
rials that can be used directly to make nuclear weapons or
other nuclear explosive devices.

The key materials are:

e Unirradiated plutonium of all grades (except that

containing 80 percent or more **Pu); and
e Unirradiated uranium enriched to 20 percent or
greater in **U or **U, separately or in combination.

In our view, the treaty must therefore focus on these
materials and should not be limited to covering just
“weapons-grade” plutonium or high-enriched uranium.

Neptunium and (to a lesser degree) americium, in sepa-
rated form, could also be used directly to make nuclear
explosiwes. There is interest in the separation of these mate-
rials, primarily for long-term radioactive waste management
purposes, but there is little separated neptunium and ameri-
cium currently available. The IAEA has therefore already
agreed a low -key regime for oversight of these materials that
is commensurate with the low proliferation risk they pose in
non-nuclear weapon states (NNWS). Consideration, how-
ever, will need to be given to whether these materials should
be covered by an FMCT, and if so how.

By contrast with the above materials, depleted, natural,
and low-enriched uranium (DNLEU) cannot be used directly
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to make a nuclear weapon or other nuclear explosive device.
For the most part, it is also impractical for irradiated fuel to
be made into a nuclear weapon or other nuclear explosive
device.? For this reason, it would not seem appropriate for an
FMCT to focus on these materials.

Stocks

The term “stocks” is often used without clear definition, but
we take it to mean all stocks of unirradiated plutonium and
HEU, whether they have arisen from military or civil activ-
ities. There are eight countries (China, France, India, Israel,
Pakistan, Russia, the UK, and the United States) whose
stocks many other states are likely to want to see covered by
the FMCT in some way.

The stocks in these eight states differ in a number of
ways, for example regarding:

e Their size and nature (in terms of their chemical

form, purity, and isotopic composition);

e The amount of information publicly available about

them;

* The proportion outside any form of safeguards or

verification; and

* The extent to which they are the subjects of disposi-

tion plans.

In our view these differences would make it extremely
difficult to reach an agreement on the coverage of stocks
under an FMCT that would be acceptable to all eight states.
Indeed, there seems to be a clear risk that trying to do so
would make it even more difficult than it has already proved
to achieve the straightforward ban on the future production
of fissile material for nuclear weapons or other nuclear
explosive devices called for by the 1993 UNGA resolution.
This would be unfortunate for two reasons: first, because, as
explained later in this paper, such a ban would be a worth-
while and significant step in its own right (see below); and,
second, because there are other approaches for dealing with
stocks that are more likely to be productive than trying to
deal with this issue in an FMCT.

For example, with respect to civil stocks, the nine coun-
tries subscribing to the Guidelines for the Management of
Plutonium now publish annual figures about their holdings
of unirradiated plutonium. The UK and France also annually
publishes figures for their civil holdings of HEU in a similar
format to that for plutonium. Furthermore, in the UK and
France all civil stocks of plutonium and HEU (indeed all
civil materials) are covered by EURATOM safeguards. The
UK safeguards agreement with the JAEA also enables the
agency to inspect all such stocks (and materials) if it so
chooses.

With respect to military stocks, the UK has been trans-
parent about their size,’ while the United States and UK
have both placed under international verification material
that they have declared as surplus to their defense require-
ments. In Russia and the United States, much surplus HEU

has already been down-blended to LEU and more will be in
future. The U.S./Russian Plutonium Disposition Agreement
is another step forward. The Trilateral Initiative (involving
the United States, Russia, and the IAEA) also holds out the
prospect of these activities coming under some form of
international rather than purely bilateral verification.

Such developments argue for continuing to address
stocks through approaches of this sort, and for the FMCT to
be aimed solely at achieving a straightforward ban on the
future production of fissile material for nuclear weapons or
other nuclear explosive devices.

Other Related Issues

It also follows in our view that an FMCT should not prohibit
the production of fissile material either for other non-explo-
sive military purposes (such as naval propulsion) or for civil
purposes, though production for such purposes would of
course have to be subject to verification. Similarly, the treaty
should not prohibit the production for any purpose of tritium
(which is not a fissile material), or the use of fissile material
produced under verification to fuel tritium-producing reac-
tors. In short, the treaty should only do what is required by
the 1993 UNGA resolution.

Verification of an FMCT
Key Requirements
Any approach to verifying an FMCT will need to offer sat-
isfactory assurance of detecting:
* Any diversion of fissile material produced in declared
facilities after the cut-off date;
* Any undeclared production of fissile material.
Various verification arrangements for achieving these
objectives are conceivable, but we believe that a focused
approach is much more likely to be negotiable and cost
effective.

The Focused Approach
Central to this approach would be a focus on the production
and downstream use of unirradiated fissile material until it
became:
e Isotopically diluted so that it no longer met the
definition of fissile material
(Material subject to FMCT verification, when mixed
with material that is not subject, may produce a prod-
uct that falls outside the definition of fissile material,
e.g. down blending of HEU to LEU).
» Irradiated to a sufficient level
(Important factors to be considered when defining a
level of irradiation that is “sufficient” will be: the
need to ensure that any diverted material would need
reprocessing before it could be used to make a
nuclear weapon or other nuclear explosive device;
and a comparison with the risk posed by other oppor-
tunities to circumvent the treaty.)
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¢ Practicably irre c overable
(Verification of waste materials could consume sub-
stantial effort and resources; given their low strategic
importance, this is an area that will need careful
consideration to achieve cost-effective measures.)

Against this background the focused approach would

therefore have three key elements:

e Declarations of production and downstream facilities
with relevant material;

e Verification of declared facilities and material; and

e Arrangements to detect undeclared production facil-
ities.

Declarations of Production and Downstream Facilities
All production facilities (i.e. all enrichment and reprocessing
facilities) would be declared, regardless of their operational
status (i.e. operational, closed-down or decommissioned).
For operational facilities, the declarations would include
plans for the production of fissile material in the forthcoming
year. Any production facilities that were under construction
or planned would also need to be declared.

All downstream facilities that store, process or use fissile
material produced after the cut-off date would be declared,
for example PuMOX/HEU storage facilities or MOX/HEU
fuel fabrication facilities and the reactors using such fuel. In
order to aid measures to detect undeclared production facil-
ities, it may also prove necessary to declare and allow access
to other relevant facilities, e.g. hot cells or where equipment
for reprocessing or enrichment is manufactured (as
described in the Additional Protocol).

In the UK, as a minimum, declarations of key production
and downstream facilities and relevant material would be
required for the facilities at Sellafield (Figure 1), Dounreay
(Figure 2) and Capenhurst (Figure 3).

Verification of Declared Facilities and Material

A. Reprocessing facilities

The boundary of what constitutes a reprocessing facility
under an FMCT will probably need to be defined.
Verification could commence at the “head end,” i.e. where
the spent fuel is sheared before dissolution, and could cease
once termination criteria were met (see below). The details
of the approach will need to have some flexibility at many
of the older facilities that will become subject to verifica-
tion, since these were not designed with safeguards in mind.
B. Enrichment facilities

Verification would apply to all enrichment processes, e.g.
gas diffusion, gas centrifuge, acrodynamic processes, EMIS,
laser enrichment processes, and chemical/ion exchange. At
facilities declared to be producing only LEU, the verifica-
tion measures could be designed to confirm this status. For
example, environmental sampling might play a key role in
achieving this at facilities that had never produced HEU in
the past. Full nuclear material accountancy and control

Figure3. Capenhurst facility
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(NMAC) should only be required at facilities that are pro-
ducing HEU.

C. Downstream facilities

The FMCT verification measures applied at facilities that
store, process or use fissile material produced after the cut-
off date would obviously depend on the nature of the facility
concerned.

D. Decommissioned and closed-down facilities

The frequency and nature of inspections at relevant decom-
missioned and closed-down facilities would need to be
appropriate to the degree of decommissioning, which can
range from a facility preserved in working order to one
which is fully dismantled. The procedures employed could
be similar to those developed by the IAEA under NPT safe-
guards, which are based on the presence/absence of key
equipment and an assessment of the functional capability of
the facility. Past facilities that have reverted to green field or
brown field sites would probably only require a single visit
or the analysis of commercial satellite imagery to confirm
this status.

Arrangements to Detect Undeclared Production Facilities
Measures to provide assurance that there is no undeclared
fissile material production will probably include the use of
non-routine inspections (e.g. challenge inspections), analysis
of information (e.g. from open sources), and, possibly,
Additional Protocol-related measures that are relevant to
enrichment and reprocessing. In order to protect prolifera-
tion-sensitive information, managed-access arrangements
will have to be permissible during any non-routine inspec-
tion. These are likely to be heavily influenced by the proce-
dures agreed for challenge inspections under the Chemical
Weapons Convention and those for complementary access
under the Additional Protocol.

Other More Extensive Approaches

Other more extensive approaches to verifying an FMCT are
conceivable. In particular it has been suggested that the
focused approach needs bolstering by extending verification
arrangements to the potential feed materials for clandestine
enrichment and reprocessing facilities, i.e. to some or all of
existing stocks of DNLEU and spent fuel. The coverage of
all such material is the approach adopted for comprehensive
safegnards agreements (CSA) with NNWS.

Application of this approach to the eight countries of
particular relevance to an FMCT would be considerably
moreexpensive than the focused approach. We also doubt if
every one of them would agree to all their stocks of DNLEU
and spent fuel being covered, and the utility of covering only
some of them would seem to be questionable. Moreover, if,
as we have suggested, it makes no sense to complicate an
FMCT by trying to have it cover stocks of fissile material,
this further calls into question the case for it covering stocks
of DNLEU and spent fuel.

In short, it seems to us that, in the case of the FMCT,
rather than expending large resources on verifying potential
feed materials for undeclared production facilities, the more
cost-effective approach would be to concentrate on devel-
oping satisfactory forms of non-routine inspection to detect
any undeclared production facilities directly. We accept, how-
ever, that such measures would have to be suitably robust and
that this is an area requiring further consideration.

TIAEA Considerations

The FMCT verification regime will involve measures very
similar to, if not identical to, safeguards measures applied by
the IAEA. We certainly envision that, where they are
applied, such measures should in general involve the same
standards and criteria as IAEA safeguards. It therefore fol-
lows that the IAEA seems to us to be the most appropriate
organisation to apply FMCT verification arrangements. It
has the required expertise and experience, and setting up a
new and separate organisation specifically to verify an
FMCT would seem to be unnecessary.

The impact on the IAEA of taking on the role of FMCT
verification should not be underestimated, however. Whilst
it might be expected that few, if any, additional verification
measures would be necessary in NNWS with CSAs and
Additional Protocols in force, applying FMCT verification
in non-CSA states would be a formidable task, even if the
focused approach to verification is adopted rather than one
of the more extensive options. The IAEA will need to recruit
and train many additional inspectors, so that they can under-
take verification activities at the many complex nuclear fuel
cycle facilities involved. It could take years to introduce a
focused approach in its entirety.

Benefits of an FMCT

An FMCT would introduce a worldwide, legally binding,
and verifiable ban on the production of fissile material for
nuclear weapons and other nuclear explosive devices. This
would represent a considerable advance on the present situ-
ation in which only some states have declared voluntary
moratoria on such production, and these are mostly unveri-
fied. In addition, an FMCT would make other measures to
address stocks of fissile material more meaningful, because
the benefit of such measures will always be questionable so
long as there is no ban on future production. Last but not
least, an FMCT would also put in place an essential require-
ment for nuclear disarmament, which will never be achieved
without verification arrangements on fissile material pro-
duction facilities.

Conclusions
* Any negotiation of an FMCT is likely to focus on the
scope of the treaty and its verification arrangements;
* The scope of the treaty will be determined by the
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materials it covers, whether stocks are covered in
some way as well as future production, and other
related issues;

* The materials it covers should essentially be those
that can be used directly to make a nuclear weapon or
other nuclear explosive device explode (i.e. essen-
tially all grades of unirradiated plutonium and unirra-
diated uranium enriched to 20 percent or greater in
U-235 or U-233, separately or in combination);

» Stocks of fissile material should not be covered by an
FMCT, as this will make agreement of a straightfor-
ward ban on its future production for nuclear
weapons or other nuclear explosive devices much
more difficult, if not impossible. Experience has
shown that there are other, more productive ways of
addressing stocks;

* Seeking prohibitions on activities other than the
future production of fissile material for nuclear
weapons or other nuclear explosive devices would
also not be a productive course to take;

* A focused approach to verifying an FMCT should be
employed, i.e. one that would terminate verification
arrangements on fissile material produced after the
cut-off date once it no longer met the definition of fis-
sile material, was irradiated to a “sufficient” level, or
became practicably irrecoverable;

* Such an approach would involve declarations of pro-
duction and downstream facilities with relevant mate-
rial, verification of declared facilities and material,
and arrangements to detect undeclared production
facilities;

e Other more extensive approaches to an FMCT,
involving a focus on DNLEU and spent fuel as well,
are unlikely to be as cost-effective or technically
coherent;

* It will, however, be important to ensure that arrange-
ments to detect undeclared production facilities under
a focused approach are robust;

e The IAEA seems best placed to apply any FMCT
verification arrangements, but it will need substantial
extra resources to do so;

e An FMCT has the potential to bring the international
community many benefits.
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End Notes

1. The views expressed in this paper are those of the
authors and do not necessarily represent UK govern-
ment policy.

2. One exception is lightly irradiated high-enriched
uranium.

3. The UK Strategic Defence Review of 1998 included
publication of information on the total holdings of
nuclear material for defence purposes.
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]
Note: The author would like to acknowledgethe support of facto nuclear weapon states (India, Pakistan, and Israel),
a grant for research and writing from the John D. and because almost all other countries will already be subject to
Catherine T. MacArthur Foundation. The views expressed in its requirements by virtue of their ratification of the NPT as
this paper are the author’s alone and do not necessarily rep- non-nuclear-weapon states (NNWS). An FMCT would
resent any government policy. make irreversible the reduction in nuclear weapon material
in the United States and Russia. It would cap the size of all
Abstract potential nuclear arsenals. A universal FMCT would also
N egotiations on a Fissile Material Cut-Off Treaty (FMCT) at draw the three de facto nuclear weapon states into the
the Conference on Disarmament (CD) in Geneva have been nuclear nonproliferation regime.
at an impasse since 1993. The 2000 Review Conference for Proposals to achieve a fissile material cut-off agreement
the Nuclear Nonproliferation Treaty (NPT) called for FMCT date to the mid-1950s. In 1993 the United Nations General
negotiations to start immediately and to be completed in five Assembly adopted a resolution calling for the negotiation of
years. China’s participation in an FMCT will be critical to its a nondiscriminatory, multilateral, and internationally and
success, however. Like the other four acknowledged nuclear effectively verifiable treaty banning the production of fissile
weapon states, China is believed to have stopped producing materials for nuclear weapons or other nuclear explosive
HEU and plutonium for weapons, and China has consis- devices.! In March 1995, the CD decided to adopt
tently supported the FMCT negotiations. However, because Ambassador Shannon’s report and to establish an ad hoc
of its concerns about U.S. missile defense plans, which committee to begin negotiations on an FMCT. In May 1995
China views as threatening the viability of its nuclear deter- at the NPT extension conference, the parties adopted a
rent, China has recently expressed its unwillingness to enter princples and objectives document that called for the
FMCT negotiations without starting talks on agreements to “immediate commencement and early conclusion” of FMCT
prevent an arms race in outer space—since it is clear that the negotiations. After several years delay caused by debates
missile defense plans will inevitably intensify competition in over scope and linkage to nuclear disarmament measures,
outer space. To resume the FMCT negotiation, it is neces- the CD agreed on August 11, 1998, to convene an ad hoc
sary to analyze the factors that may influence China’s posi- committee to negotiate an FMCT. However, the negotiations
tion. In this paper, I will explore China’s possible position in quickly ended when the CD failed to agree on renewing the
upcoming FMCT negotiations, China’s major security con- Committee’s mandate. The 2000 Review Conference for the
cerns, the kind of verification provisions that could be NPT called for FMCT negotiations to start immediately and
accepted by China, and the factors that might facilitate to be completed in five years. However, until now, the CD
China’s participation in the treaty. remains deadlocked over the resumption of negotiations, due
to the linkage between FMCT and Prevention of an Arms
Introduction Race in Outer Space (PAROS) and nuclear disarmament.
A universal fissile material cut-off treaty (FMCT) has long In practice, the FMCT does not have much impact on the
been seen as a key building block in nuclear disarmament U.S. and Russian stockpiles. Because of their huge size, they
and nonproliferation. Such an accord would ban the pro- do not need additional fissile material. One major incentive
duction of fissile material (separated plutonium, highly for the declared nuclear powers to join the treaty is to draw
enriched uranium, and uranium-233) for nuclear weapons. A the participation of the three de facto weapons states.
primary goal of an FMCT will be to attain the signatures of China’s participation in an FMCT will be critical to its suc-
the five declared nuclear weapon states (the United States, cess, however. Without China’s participation in the FMCT,
Russia, the United Kingdom, France, China) and three de India will not sign it; Pakistan will not sign unless India
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does. Both South Asian countries and Israel are believed to
be continuing to produce fissile materials for their stock-
piles. China is believed to have stopped the production of
both HEU and plutonium for weapons in the early 1990s.
China announced its support for the FMCT negotiation from
the beginning. On October 4, 1994, Chinese Foreign
Minister Qian and U.S. Secretary of State Christopher
issued a joint statement in which they promoted the “earliest
possible achievement” of a treaty prohibiting the production
of fissile material for use in nuclear weapons. On October
29, 1997, Chinese President Jiang Zemin and U.S. President
Clinton called for “the earliest start of formal negotiations
on the Prohibition of Production of Fissile Material Used in
Nuclear Weapons and Other Nuclear Explosive Devices.”
However, because of its concerns about U.S. missile defense
which will threat the viability of China’s nuclear deterrent,
China is less willing to enter FMCT negotiations without
starting talks on agreements to prevent an arms race in outer
space—since it is clear that the missile defense plans will
inevitably intensify competition in outer space. Both the
outer space and nuclear disarmament issues, which have
closed links with U.S. missile defense plans, have prevented
the CD from starting any arms control negotiations. To
advance these talks, it is therefore necessary to analyze the
factors that may influence China’s position.

China’s Major Security Concerns
China’s interest in an FMCT will depend on whether it judges
its existing fissile material stockpile to be adequate for its
future weapon needs, which would depend on its future
nuclear policy and others countries’ military and nuclear
weapon programs. It is reported that China stopped HEU pro-
duction in 1987 and plutonium production in 1991. Some
estimates suggest that China’s stockpile could contain about
three metric tons of weapon-grade HEU and one metric ton of
separated plutonium.* China’s nuclear arsenal is thought to
include approximately 300 strategic warheads and might have
as many as 150 undeployed battlefield warheads.’ Thus, the
stock of fissile materials already produced are more than suf-
ficient for China’s current nuclear arsenal and a very moderate
further build-up. However, China’s need for additional fissile
material and nuclear weapons would be affected by the future
international security environment. China has developed a
very limited nuclear force for self-defense and has kept a min-
imum deterrence nuclear policy. To this end, on the very first
day when China exploded its nuclear device, it declared a no-
first-use nuclear policy. Now China’s security concern is how
to maintain an effective nuclear deterrence in the changing
international security environment. Thus, the following major
security concerns would affect China’s attitude toward the
FMCT negotiation.

China is expressing a serious concern on U.S. missile
defense plans. The claims that missile defense is intended to
defend U.S territory from missile attacks by a state of concern

and unauthorized or accidental launches from Russia and
China do not bear scrutiny. The missile defense goal of pro-
tecting against attacks by states of concern such as North
Korea seems pointless, since North Korea and other states of
concern have no ballistic missiles capable of reaching the
United States presently or in the foreseeable future. Even if
North Korea were to develop an intercontinental missile
capability, it would not dare to use it against the United
States because that would be certain suicide. Also, whether
launched accidentally or deliberately, Russia’s thousands of
nuclear warheads would easily overwhelm the proposed
U.S. defenses. However, the system being designed and
developed can intercept twenty to one hundred warheads,
could in principle neutralize the twenty single-warhead
ICBMs capable of reaching the United States that China
now has. As seen by Chinese leaders, China’s own small
strategic arsenal appears to be a much more plausible target
of the proposed system. Thus, China worries that U.S. missile
defense could politically or strategically subject China to
nuclear blackmail. Such a system would give United States
much more freedom to intervene in China’s affairs including
undermining China’s efforts at reunification with Taiwan.
Such concerns have increased in China, given the unclear
Sino-U.S. relationship; the bombing of China embassy in
Belgrade; the spy plane event; arms sale to Taiwan; and the
recently released reports of the U.S. Nuclear Posture Review
in which the Bush administration has reportedly directed the
military to prepare contingency plans to use nuclear
weapons against at least seven countries including China.
Moreover, China is concerned about the U.S. agreement
on cooperative research and development of an advanced
theater missile defense (TMD) with Japan. Many Chinese
worry that such TMD deployment would undermine the
strategc leverage of China vis-a-vis Japan. It would
strengthen the Japanese military alliance with the United
States to engage China on the Taiwan issue. Indeed, based
on their amended Defense Cooperation Guidelines signed
in September 1997, Japan and the United States could
enlarge the use of such missile defense systems from the
alliance’s defense area to surrounding situations, possibly
including Taiwan. Also, the co-development or transfer of
a TMD system and its technologies will give Japan offen-
sive missile capabilities and encourage Japanese mili-
tarism. Even worse, it could motivate Japan going nuclear.
Japan has a civil plutonium program and a plan to stock-
pile civil separated plutonium. If Japan wants, the pluto-
nium stock along with the missile technology acquired
from the TMD program would allow Japan to deploy a
deliverable nuclear force within a relatively short time.
Eventually, Japan’s TMD program will accelerate a
regional arms race and seriously jeopardize regional stability.
Finally, China opposes the possible cooperation on or
transfer of a TMD system from any country to Taiwan,
which would encourage separatism in Taiwan and represent
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serious interference in China’s internal affairs.

China’s other major security concern is the weaponiza-
tion of outer space. China has concerns that U.S. missile
defense plans will inevitably intensify competition in outer
space. To develop strategic missile defense systems, the
United States would have to develop and use its military
assets in outer space and deploy space-based missile defense
components that will function as a space weapon system.
And the missile defense system itself could be used as anti-
satellite (ASAT) weapons. Meanwhile, such a missile
defense system will encourage other countries to deploy
ASAT weapons. Thus, it will initiate a new arms race in
outer space. China has further concerns about any U.S. pro-
gram of controlling outer space. The United States has
launched a space control technology program that will
include elements of “protection, prevention, negation, and
surveillance” of various space activities.* The goal is often
stated as “space control,” which would require the develop-
ment, testing, and deployment of ASAT weapons based in
space or on earth. The arms race of ASAT weapons would
makethe peaceful use of outer space much more dangerous,
such as the vital communication, navigation, and environ-
mental monitoring satellites would be countered. The devel-
opment of the space control program would raise the risk of
turning outer space into a battlefield. China is further con-
cerned that the U.S. space dominance program will offer the
United States absolute military superiority and be used to
intervene in China’s affairs. Based on these concerns,
recently China expressed clearly that the prevention of the
weaponization of and an arms race in outer space is an
urgent and realistic issue.’

These security concerns affect China’s willingness to par-
ticipate in FMCT negotiations. Historically, the sole purpose
of China building and developing its nuclear weapons was to
guard itself against a nuclear threat and blackmail. If its legit-
imate security concerns are ignored, China would develop
responses to neutralize such threat. To retain its nuclear deter-
rent capability, China’s direct response to the U.S. missile
defense could be to build more warheads and its missiles
would be deployed with decoys and other effective counter-
measures. China is already reportedly engaged in a nuclear
modernization program to field less vulnerable mobile and
solid-fueled missiles. But it has been expected that such a pro-
gram will be at a slow pace and modest in size. The number
of ICBMs might possibly be expanded twofold. The existing
HEU and plutonium stockpile would be big enough for its
modernization program under the case of non-deployment of
missile defense. However, while facing a planned U.S. missile
defense system, China could be driven to expand its ICBM
arsenal tenfold. China would use up its existing fissile-
material stockpile for the many more missiles needed to pen-
etrate the U.S. missile defense system. Thus, China might find
it necessary to produce more fissile material for its stockpile.
China might then well restart production and refuse to join a

global fissile material cut-off treaty. This might explain why
China has linked the FMCT negotiation with talks on agree-
ments to prevent an arms race in outer space—which would
include limiting U.S. missile defense plans.

Another reason for China to rethink its position on the
FMCT would be its concern about a huge gap between
China’s nuclear arsenal and those of the United States and
Russia. This gap would remain because U.S. missile defense
and its withdrawal from the ABM Treaty would end further
reductions in the nuclear arsenals of the United States and
Russia. Although the United States and Russia may reduce
their deployed strategic nuclear arsenals to around 2000 war-
heads over the next ten years, it is not clear whether these
withdrawn warheads will be dismantled. Even so, such a pro-
posal limits only the number of deployed strategic warheads;
there is no limit on the number of non-deployed or reserve
warheads. So the United States and Russia would still keep
huge nuclear arsenals. Also, China has concemns about the
large existing military stocks of fissile material for weapons
possessed by the United States and Russia. Although both
countries have declared excess quantities of HEU and pluto-
nium, their stockpiles remaining after reduction will still be
huge. Furthermore, China has always believed that the ABM
Treaty has played a pivotal role in maintaining a global
strategic balance and stability as well as in keeping the
momentum of nuclear disarmament process.

But without the ABM Treaty, both countries are likely to
maintain a higher level of nuclear forces than they would
have otherwise. This would halt further nuclear reductions.
Ending the deeper cut process will not be in China’s security
interest. China is not willing to see the huge “strategic mis-
sile gap” between its arsenal and those of both leading
nuclear powers, which pose a huge threat to China’s small
nuclear arsenal. Eventually, failure to proceed with the
nuclear disarmament process that the nuclear weapon states
have committed to under the NPT would damage the nuclear
nonproliferation regime. In the white paper on China’s
national defense in 2000, China cited its dual concerns: “In
view of the fact that the United States is accelerating its
efforts for the development and possible deployment of a
national missile defense system and space weapons, and that
the United States and Russia still possess nuclear arsenals
large enough to destroy the world many times over, it is
China’s position that continued nuclear disarmament and the
prevention of an arms race in outer space are multilateral
fora of arms control that should be given more priority than
the FMCT negotiations.” Consequently, both the outer
space and nuclear disarmament issues, which have closed
links with U.S. missile defense plans, have prevented the
CD from starting the FMCT negotiations.

FMCT Verification
One focus in negotiating the FMCT will be verification.
Under an FMCT verification, China’s sensitive nuclear
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facilities and sites would be accessed by the first time for
international inspections. The verification measures adopted
could affect China’s willingness to sign the convention.

China’s position on the FMCT is that the treaty should
only ban the future production of fissile material for nuclear
weapons or other nuclear explosive devices, and should not
touch upon the existing stockpiles.” The treaty would ban the
production of fissile material for nuclear weapons or other
nuclear explosive devices. It would prohibit the diversion of
fissile material produced for other purposes to nuclear
weapons or other nuclear explosiwe devices. The verification
regime of the treaty should comply with the above-men-
tioned basic obligations for just and effective verification.
And the treaty should not undermine the legitimate security
interest of the state parties.

The scope of verification will depend on the facilities
and activities subject to an FMCT. It is necessary to define
clearly the scope of verification. Such discussion has cen-
tered on the focused verification and wide verification
approaches. Focused verification would concentrate on only
sensitive fissile material production facilities, i.e., reprocessing
and enrichment facilities, and fissile materials produced
after an FMCT enters into force along with the facilities
where these materials are present. A wide-scope approach
would further cover a variety of less sensitive civil facilities
such as fuel fabrication plants and civilian power reactors.
For China, the wide-scope approach could pose some prob-
lems. For example, China is believed to use LEU fuel for its
submarine reactors. The naval LEU fuel is fabricated at
Baotou Nuclear Fuel Component Complex.* Under the wide
verification, those LEU fuels would be required a quantitative
account, which could be sensitive for China. However,
under the focused approach, such a facility would not be
safeguarded. It is believed that a focused approach is techni-
cally adequate and cost-effective for the FMCT.’ It is most
likely to be acceptable by the nuclear states.

Under an FMCT, China’s previous military nuclear
facilities and some civilian facilities would require verifi-
cation. Table I lists the related major nuclear facilities in
China under an focused approach.”” The basic FMCT verifi-
cation measures will include: safeguards at declared facilities
similar to those administered by the IAEA; non-routine
inspections involving managed access; environmental mon-
itoring, and remote sensing involving satellite imagery.
Appropriate techniques would be developed for each specific
facility taking account of its status, such as whether it is
under construction, closed-down, decommissioned, or oper-
ating. For facilities used only for civil purposes, such as the
civilian reprocessing plants and gas centrifuge enrichment
plants (CEPs), China would have no objections to IAEA-
type safeguards. However, for past military facilities, China
would have some concerns about the disclosure of sensitive
information. As a nuclear state, China would expect that the
FMCT verification system for those former military facili-

ties in the eight target states would have to be different from
the IAEA safeguards for NNWS. An FMCT is likely to per-
mit the eight nuclear nations to hold undeclared stockpiles
(from past production) and to use or process already pro-
duced fissile material for sensitive military activities includ-
ing the assembly of nuclear weapons. These allowed sensi-
tive production facilities and activities could be collocated
with facilities requiring verification. Thus, like other target
states, China could worry about potential loss of sensitive
information at those defense-related nuclear processing
sites. Also some nuclear facilities could be not established
following the requirement of IAEA safeguards, so their mil-
itary classified levels and their political tolerability might be
lower. Consequently, some IAEA safeguards measures,
which can be accepted by the NNWS, might be seen as too
intrusive and not be permitted by the eight target states.
Thus, less intrusive verification would be preferable.

In the following, as case studies, I will demonstrate what
verification measures might be applied and accepted to
China’s enrichment and reprocessing plants.

Gaseous diffusion plants. China began producing HEU
in 1963 at a gaseous diffusion plant (GDP) located near
Lanzhou and, in the mid-1970s, started production at a second
GDP in Heping." It has been reported that both GDPs
stopped HEU production in 1987 and that the Chinese gov-
ernment is preparing to decommission a number of military
nuclear material processing facilities, including the Lanzhou
GDP."” The Heping GDP may also be shut down, as China is
building enough CEP capacity to supply its LEU needs."
This CEP capacity, which is being built for China by Russia,
is to be under IAEA safeguards. Under the FMCT, it is
required to verify the shutdown status of both GDPs. Here 1
will take Lanzhou GDP as a case study.

The Lanzhou GDP is located on the bank of the Yellow
River near Lanzhou in Gansu Province. Published estimates
put its initial capacity at 10-50,000 kg-SWU per year—these
later increased to about 300,000."* A declassified Corona
satellite image of the Lanzhou GDP taken on March 31,
1971, shows clearly the infrastructure of the site,"” including
the enrichment building; a mechanical cooling tower used to
discharge waste heat from the enrichment processing; and
coal-fired steam plant used to provide heat or electricity for
the GDP. One telltale signature of the GDP operation should
be the water-vapor plume coming from the cooling tower.
This plume will be easy to detect with one-meter-resolution
satellite images. Another important signature of the GDP
operating would be the hot roof of the enrichment buildings.
The elevated temperature of the roofs would be detectable
using commercial satellites (such as Landsat-7 and ASTER)
thermal infrared images. In short, the shutdown status of
Lanzhou GDP could be monitored effectively using satellite
images at visible band and thermal infrared band.'® This
approach would be the least intrusive. It is expected this
approach could be applied to the case of Heping GDP as
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well. Such remote sensing method should be easily accepted
by China.

To further confirm the shutdown status of the GDP, some
onsite inspections should be allowed. These include 1) site
visual observation, such as no treatment of cooling water, no
electrical service for the enrichments, not hot and not noisy
inside the enrichment building; and 2) continuous surveil-
lance monitor and tamper-proof seal, such as, sealing the
high-vdtage disconnect switches; sealing the val ves on the
supply and return headers of the recirculating cooling water
system; sealing the inlet and outlet block valves for the cas-
cade piping; putting vibration and or/temperature sensors on
the process equipment. These verification measures would
be effective for monitoring the shutdown status of the GDP
and would pose less security concerns. One concern on such
a site would be the diffusion barrier technology information
that most countries consider an industrial secret. However,
this would be easily protected by preventing measures.

Finally, China’s non-weapon HEU requirements are
likely to be very small, which means China is unlikely to
resume its GDPs to produce HEU. Its nuclear-power sub-
marines are reported to be fueled with LEU that might be
provided by its CEPs. Under a focused wrification
approach, the LEU for the naval reactors need not be quan-
titatively declared, and should provide fewer concerns on its
naval reactor fuel. Furthermore, at Baotao’s tritium produc-
tion reactor, some HEU might be used for the production of
tritium to offset the decay of tritium in its current warheads.
However, it is estimated that such a tritium production reac-
tor only needs some tens of kilograms HEU annually,"”
which might be provided from its HEU stocks.

Reprocessing plants. China’s first plutonium produc-
tion complex, Jiuquan Atomic Energy Complex, began plu-
tonium production since the late-1960s. This complex also
houses facilities for manufacturing HEU and plutonium and
assembling weapons. In the mid-1970s, China built a second
plutonium production complex at Guangyuan as part of
China’s duplicate third line of nuclear weapon manufacturing
facilities.” It is the site of a larger plutonium production
reactor and reprocessing plant. Both plutonium production
complexes may have been shut down in 1991. It can be
expected that under an FMCT, both complexes would keep
their shutdown status.

Under an FMCT, it is necessary to confirm the shutdown
or decommissioned status of the reprocessing plant. With
satellite monitoring, the most likely observable characteristics
would be the activity level. When operating, there will be
many shipments of various forms of nuclear material to the
site. For these activities, transport vehicles, such as trucks,
would be large enough to be detected by one-meter-resolution
images from satellites." Other preferred offsite verification
could include: offsite monitoring of nuclear and chemical
effluents such as krepton-85. However, some kinds of onsite
inspections will be required to verify that the reprocessing

plant is shutdown. While inspectors conduct onsite visits
and inspect the site, China could have concerns about the
possible disclosure of its sensitive nuclear information.
Thus, it is necessary to explore what onsite inspections
China would accept. These would ensure effective onsite
inspections and environmental sampling measures without
compromising China’s national security interests.

To monitor the status of a reprocessing plant, the most
effective verification would be site environmental sam-
pling.” The samples could be taken from gloveboxes in the
plutonium product processing sectors, which would allow a
determination of the burnup of the spent fuel, plutonium
isotopic composition, and the time since separation of the
plutonium. Another effective approach to detect undeclared
reprocessing activities would be for inspectors to take samples
from high-level waste tanks or the areas contaminated by
high-level waste, which would for recent plutonium produc-
tion activities, determine the important quantities—the burnup
of spent fuel, plutonium isotopic composition, the irradia-
tion time and discharge time—to reasonable accuracy
through measurements of ratios of fission product and
actinide isotopic ratios. This will help confirm the status of
the plant.

At the same time, China may worry that onsite sampling
analysis could disclose sensitive information about its past
plutonium production activities, such as the power level at
which production reactors had operated and how much plu-
tonium they had produced, data that will probably not have
to be declared under an FMCT. However, sampling at the
reprocessing facilities would not reveal such sensitive infor-
mation as long as inspectors are not able to measure total
quantities of Cs-137 and Sr-90 from HLW produced at former
military plutonium production facilities. Sampling methods
can therefore serve as an effective and militarily non-intru-
sive measure for verification of an FMCT. It should be noted
that it is not clear whether China, as Russia does, would take
the plutonium isotopic composition as sensitive information
(here we assume it would not). If so, the sampling analysis
would be restricted to the appropriate level. Other onsite
inspections at the reprocessing site would also be allowed,
such as visual observation to show there are no activities at
the spent fuel cask portal.

One major concern about the onsite verification of the
Jiuquan and Guangyuan complexes could be the issue of col-
located facilities. Under the FMCT, the nuclear-weapons-
related activities at the complexes including the fabrication of
weapons components and the final assembly of weapons
should be permitted and continued. Some sensitive informa-
tion, e.g., chemical composition information from these activ-
ities, might be divulged through sampling and analysis
around the facilities. Therefore, it is necessary to explore
whether conducting onsite sampling around reprocessing
facilities could also get such sensitive information, which
might depend on how far away such information is detectable
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from the sensitive manufacturing facilities and how close
such facilities are to the reprocessing plant. For such collo-
cated sites, a managed access approach should be applied.

Finally, FMCT verification regime would have to be
designed to detect undeclared nuclear facilities, such as
reprocessing or enrichment facilities. Such verification
measures could include non-routine inspections including
challenge inspection. However, learning from the lesson of
the event of Silver River Ship, China will be unwilling to see
the abuse of such kind of inspections at its sensitive and non-
proscribed military and nuclear activities. To protect its
national security sensitivities, it is essential to have an
appropriately managed access mechanism. For example, for
most cases of managed access situations, sampling around
the site, without access to the inner sectors of the buildings
or the appropriate control security fences, would be suffi-
cient. However, in some locations, including the fissile
material manufacturing facilities, measures would have to
taken to prevent overt or covert sampling. In some cases
where it will be essential for inspectors to have access areas
with classified activities, appropriate measures would have
to employed to protect sensitive information. For example,
at the nuclear weapons assembly facility, the sensitive infor-
mation—weapons component, or process machinery that
provided design information—might be vulnerable to the
visual access. Thus it had to take measures including
shrouding and masking of sensitive equipments or other
obvious method to prevent the visual access.

In short, under the FMCT, appropriate verification
measures would be able to verify China’s reprocessing and
enrichment facilities without compromising national sen-
sitive information.

Conclusions and Discussions

China has serious concerns about U.S. missile defense
plans. Such missile defense threatens to neutralize China’s
nuclear deterrence. The development of missile defense
would inevitably initiate the weaponization of outer space
and halt deeper cuts of nuclear arsenals of the United States
and Russia. All these developments would not be in China’s
security interest. If its legitimate security concerns are
ignored, China would develop responses to neutralize such
threats. To retain its nuclear deterrent capability, as a direct
response to these events, China would need more warheads
than otherwise. Thus, China would need more fissile mate-
rial to fuel those weapons, which would inevitably affect
China’s willingness to join a fissile material cutoff treaty.
Also China would prefer a just and effective FMCT verifi-
cation without undermining its legitimate security interest.
Appropriate verification techniques should be acceptable to
China’s nuclear facilities without compromising its national
sensitive information. However, the international security
environment is a concern for China. China holds that the
purposes and objectives of arms control and disarmament

“should serve to enhance the security of all countries; it
should not become a tool for stronger nations to control
weaker ones, still less should it be an instrument for a handful
of countries to optimize their armament in order to seek uni-
lateral security superiority.””' China is against any country
seeking its own security at the cost of others. However, the
ending of the ABM Treaty, U.S. missile defense plans, along
with other developments including the rejection of the
CTBT, all run counter to the purposes and objectives of arms
control and disarmament. If Chinese security concerns are
not considered by other countries, and its security status quo
is worsened by other countries’ military and weapons pro-
grams, China’s leaders would doubt the value of arms control
and disarmament and would reconsider its participation in
multilateral nuclear arms control treaties.

To facilitate China’s participation in the FMCT, and to
break the current standstill of the arms control and disarma-
ment process, the major nuclear powers should take some
measures (although they are not necessarily preconditions to
the FMCT negotiation).

e Without the ABM Treaty and with the development
of missile defense, there is a risk that outer space will
become weaponized. Although there is at present no
arms race in space, it is necessary to take some
measures to prevent the weaponization of outer space
before there is active conflict or even an approach to
conflict in space. Since the prevention of the
weaponization of and an arms race in outer space is
becoming an urgent issue, the CD should start to
negotiate a treaty on the prevention of an arms race in
outer space (PAROS) early. The treaty should pro-
hibit the testing, deployment, and use of weapon
systems and their components in outer space.

e After the ABM Treaty, the United States and Russia
should establish a new international strategic balance
and stability framework based on international legal
regimes. Such a framework should constitute the
basis and precondition for progress in nuclear disar-
mament. It should also take into account the interests
of every state and aim at ensuring common security.
While U.S. missile defense plans would not be
stopped as the Chinese hope, the policy maker should
take Chinese concerns seriously, and take measures
to assure China that the system will not target China,
as some U.S. officials have promised. Also if the
U.S.-Japan joint TMD plan can exclude Taiwan, it
would greatly reduce China’s concern about the
regional security issue.

e The United States and Russia should reduce their
huge nuclear arsenals in a verifiable and irreversible
manner through legally binding instruments. Even
with the conclusion of their current reduction pledge
to reduce the deployed strategic nuclear arsenal to
around 2,000 warheads over the next ten years, the
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United States and Russia would still keep a huge total
inventory of nuclear weapons. Thus, the United
States and Russia should take the lead and commit to
making further substantial reductions to their respective
nuclear arsenals. The reduced nuclear warheads and
explosives should be dismantled and disposed in a
verifiable way, and not be used again as weapons in
any form.

To help reduce China’s concerns about the United
States and Russia’s large existing military stocks of
fissile material for weapons, the United States and
Russia should make more significant commitments to
irreversible reduction of their fissile material stockpiles
including fissile material from warheads withdrawn
under the deep-cut agreements. In fact, even after the
planned elimination of hundreds of tons of weapons
plutonium and HEU, each will retain perhaps 50 tons
of plutonium and a few hundreds tons of weapons-
grade HEU that is enough to make more than 10,000
thermonuclear warheads. Thus, without significant
reductions of their stockpile, the FMCT would little

limit the United States and Russia’s nuclear arsenals.
The nuclear-weapon states should, at an early date and
in a legally binding format, unconditionally undertake
a no-first-use nuclear policy. A no-first-use policy
would be an important measure to strengthen the non-
proliferation regime and to promote further reduction
of nuclear weapons. China has taken seriously the
first-use policy of other nuclear powers. Given the
huge gap between China and the U.S. nuclear arsenals,
if the United States makes a nuclear first strike on
China’s nuclear targets, the number of surviving war-
heads of its smaller nuclear force would be very
limited. Furthermore, the retaliation capacity of
those survived warheads would be neutralized by the
U.S. missile defense. Thus, China’s nuclear deter-
rence would be heavily threatened. Therefore, if the
United States, as Russia has done, commits to a no-
first-use policy with China, it would be very attractive
to China and increase China’s willingness to partici-
pate in the FMCT.

Table 1. China’s main nuclear production facilities related to an FMCT

Facilities/sites Status Capabilities
Reprocessing plants

Jiuquan reprocessing plant Previous military; Shutdown; Operated *70s-"91? —
Guangyuan reprocessing plant Previous military; Shutdown; Operated *70s-"91? —

A pilot reprocessing plant Civilian purpose; ready operation in 2000 S50MT/yr
at Lanzhou

A proposed commercial Civilian purpose; planned commission in 2020 800 MT/yr

reprocessing plant at Lanzhou

Enrichment plants
Lanzhou GDP Previous military; Shutdown; Began operation 300kSWU-kg/yr
in 1963; HEU production ended in 1987
Heping GDP Previous military; Shutdown? Began operation 150-590K SWU-kg/yr

in 1974; HEU production ended in 1987

Hanzhong CEP (At Shaanxi)

Civilian purpose (LEU); 1st stage=200kSWU
operating; Around 2001, total=500kSWU

500 kSWU-kg/yr

Lanzhou CEP Civilian purpose (LEU); 1st stage=200kSWU
operating; Around 2002,total=500kSWU

500kSWU-kg/yr
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Radionuclide Monitoring for the
Comprehensive Nuclear Test Ban Treaty

Martin B. Kalinowski and Joachim Schulze
Preparaory Commission for the Comprehensive Test Ban Treaty Organization
Vienna, Austria

]
Note: The views expressed herein are those of the authors all oceanic waters; sixty infrasound and eighty radionuclide
and do not necessarily reflect the views of the CTBTO stations are being set up (Hoffmann/Kebeasy/Firbas, 1999).
Preparatory Commission. Seismic, hydroacoustic, and infrasound signals can be
combined to detect seismoacoustic events which indicate
Abstract events that released energy in waveform. The possible origin
Global monitoring for relevant radionuclides in the atmos- of these energies can be explosions, earthquakes, or other
phere serves as part of the International Monitoring System events. The fourth technology measures radioactivity in the
(IMS) to verify compliance with the Comprehensive Nuclear atmosphere. The purpose of the four IMS sensor networks is
Test Ban Treaty (CTBT). The radionuclide network consists to detect signals that are indicative of nuclear explosions, as
of eighty stations supplemented by sixteen radionuclide lab- well as to identify and to locate nuclear explosions under-
oratories. All stations have a particulate sampler and forty ground, underwater, or in the atmosphere.
were selected for noble gas samplers with the option for later Seismic, hydroacoustic, and infrasound have the advantage
expansion to all sites. This paper describes radionuclide sig- of providing highly accurate information about the location
natures, the employed measurement technologies, and in time and space of a seismoacoustic event. In addition, it is
achieved detection sensitivity, as well as data analysis and possible to distinguish to a high degree between natural
reporting by the International Data Centre (IDC). Finally, events such as earthquakes and anthropogenic events such as
data fusion with seismoacoustic events and the application explosions. However, these sensors are not able to provide
of atmospheric transport modelling are discussed. any indication of what caused an explosion. The detection of
relevant fission and activation products is the only way to
Introduction identify the nature of an event that is caused by a nuclear
The Comprehensive Nuclear Test Ban Treaty (CTBT) had explosion. This is often referred to as the detection of the
been negotiated by the Conference on Disarmament in smoking gun. Given a sufficient sample of radioactive
Geneva between 1993 and 1996. It was opened for signature debris, the information that is gained from radionuclide
on September 24, 1996. As of March 15, 2002, the treaty analysis can be very rich. Some characteristics of the original
was signed by 165 states and ratified by ninety, thirty-one of event can be reconstructed regarding the environment of an
which belong to the group of forty-four states for which rat- explosion and the nuclear materials involved. Concentration
ification is required for the CTBT to enter into force. The ratios of certain radionuclides are especially useful to distin-
Preparatory Commission for the CTBT carries out the nec- guish between a nuclear explosion and a nuclear reactor
essary preparations for the effective implementation of the source and to estimate the date of the release.
CTBT. The Provisional Technical Secretariat started its work However, radionuclide monitoring has virtually no accu-
in March 1997 in Vienna. rate localization capability. Detections are not prompt and
The basic obligation of the CTBT for each state party is could be delayed by a transport time of several days, some-
“not to carry out any nuclear weapon test explosion or any times even one or two weeks. However, given a sufficiently
other nuclear explosion” (Article I, 1). In order to verify com- large release of activity, the relevant geographic area can be
pliance with this obligation, the IMS consisting of 321 stations confined considerably with a combined evaluation of detec-
is being established in order to monitor the whole globe. tions and non-detections by a network of stations over several
Subnetworks are under construction that are based on four dif- days. Nevertheless, radionuclide events will most likely not
ferent sensor technologies. The seismic network will consist of prove adequate for a decision on where to conduct an onsite
fifty primary and 120 auxiliary seismological stations; the inspection unless the event is located with high accuracy by
hydroacoustic network comprises eleven stations to monitor other elements of the IMS.
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Radionuclide Signature s

Historic examples of detections
In the past, there were many incidents where a detection of
radioactivty indicated a nuclear test explosion that occurred
at a large distance. Up to 1998, a total of 2,041 nuclear
explosions occurred (Yang/North/Romney, 2000). Most of
them were detected either by seismoacoustic or radionuclide
signals, or by both. Various radio-chemical and nuclear ana-
lytical methods have been successfully applied to identify
and characterise the nuclear explosions. Early methods
focused on total beta counting of rain samples and autoradi-
ographs of single hot fall-out particles. Vegetation, food, and
sludge samples were analyzed as well. Aerosol particles
were collected on air filters at ground level as well as at high
altitude with the help of airplanes. For example, the Ba-140
concentrations in the atmosphere that were reported in the
literature and that were thought to indicate a nuclear test
explosion at large distances range from 30 to 5 10°pBq/m’.
For Xe-133, concentrations of up to 1,600 mBg/m* were
attribued to venting from underground nuclear explosions.
For example, the Swedish national monitoring program
detected twenty-two Chinese atmospheric tests (De Geer,
1996) as well as venting from eight underground explosions
between 1966 and 1990 (De Geer, 1996a). The Swedish net-
work has detected thirty different fission products and sev-
enteen activation product isotopes in nuclear weapons test
debris (De Geer, 2001).

Noble gas sampling

Though radioactive aerosols carry a lot of information, their
release from underground explosions is limited to uninten-
tional ventings. In addition, particle transport through the
atmosphere can be terminated by scavenging processes like
wash-out by rain or by dry deposition. In comparison, noble
gases have the advantage of being the only radionuclide
signature that has the potential of escaping at detectable con-
centrations from underground and underwater explosions. In
addition, the noble gases are not affected by any deposition
process. They are removed from the atmosphere only by
their radioactive decay. Though noble gas monitoring has
been applied since the 1940s, it took until the more recent
past, before it became more generally recognized as a routine
monitoring method to detect radioactive signals from
nuclear explosions. Most suitable is a suite of xenon iso-
topes (Xe-131m, Xe-133, Xe-133m, Xe-135) which have
half-lives in the range of nine hours to twelve days.

Ground-based air sampling

Already in 1958, a Geneva Conference of Experts on the
Means of Detection of Nuclear Explosions considered
radioactiwe debris as only specifically nuclear indication of
an explosion that is available for analysis at large distances.
Accordingly, ground-based as well as airplane mounted air

filtering devices and analysis of the collected fission prod-
ucts were suggested as a means to detect nuclearexplosions
at distances of several thousand miles and at times of ten to
twenty days after the event (Mark, 1959).

The most timely and most reliable collection method is
based on high volume air samples taken at ground-based sta-
tions. The most comprehensive and cost-effective analysis
method is high-resolution gamma spectroscopy for particulate
filters and in addition beta-gamma coincidence counting for
noble gas samples.

Network design

A nondiscriminatory approach that offers the most uniform
sensitivity is a network of stations distributed according to
meteorological conditions over the globe. Various possible
designs of radionuclide station networks were discussed
over the decades and many countries implemented their own
stations which were considered as candidate sites. During
the negotiations for the CTBT at the Conference on
Disarmament, the network was optimized by atmospheric
transport modelling studies undertaken by several countries
(see for example Mason/Bohlin, 1995, and Schulze, 1996)
with the goal to detect a 1 kilton nuclear explosion within
fourteen days and with a certain detection probability (90
percent for atmospheric explosions). Basic design criteria
for the network were derived from four different scenarios
and related performance criteria for detection, identification,
and location. These scenarios were nonevasive as well as
evasive atmospheric, underwater, and underground explo-
sions (CD 1995).

As a result, eighty radionuclide station locations were
selected and listed in the Protocol to the CTBT. At that time,
it was left open as to where the forty noble gas stations
should be located and whether the noble gas network should
be expanded to all eighty sites. As a result of further network
design studies undertaken by France, Canada, and United
States (see e.g. Hourdin/Issartel 2000) forty of the eighty
sites were chosen by the Preparatory Commission in 1998 as
a start to locate noble gas detection systems.

Possible radionuclide source terms
The largest part of radioactive debris released by an explo-
sion in the lower atmospheric (below 10 km) will remain
within the troposphere and will easily be detected by a sig-
nificant fraction of the radionuclide stations on the same
hemisphere. For a 1 kiloton atmospheric fission explosion,
the initial source term is about 2 PBq of Ba-140 that is rep-
resentative as a fission product. In an evasive scenario, the
largest aerosol portion is washed out in the local area.
However, the gas signatures would remain with an initial
source term of 1 PBq of Xe-133.

If underwater explosions occur deep enough, the
released gases will be cleaned from a large portion of the
particulates before entering the atmosphere. However, the
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noble gases do not easily dissolve in water and could be
released to the atmosphere. The noble gas source term is the
same as for the atmospheric explosion.

For underground explosions there is always a risk that
the containment fails and radioactivity is released uninten-
tionally into the atmosphere. This can happen in a quick
high-pressure venting or as a seeping that extends over
hours, days, and longer periods. It may also happen that
radioactivty is released in controlled manner, e.g. by con-
trolled cavity purging to allow either for recovery of experi-
mental data or reuse of part of the underground testing area.
Between 1962 and 1988, nineteen U.S. underground nuclear
tests inadvertently released sufficient radioactivity to be
detected by ground monitoring equipment off the testing site
(Allen 1971, OTA 1989). From 1971 to 1988, late-time
seeps happened in four cases, controlled tunnel purgings
were carried out following ten explosions, and for 108 other
tests smaller operational releases were detected (OTA 1989).

The risk of venting and seeping and the possibility of
controlled releases provide a significant probability for
remote detection of underground test through radionuclide
signatures. For the network design studies, it was assumed
that 10 percent of the xenon, i.e. 0.1 PBq of Xe-133, escapes
into the atmosphere over a twelve-hour period, as opposed
to the instantaneous release assumed in the other scenarios.

For high-altitude test at 10 km and higher (above the
tropopause) the collection of radioactive material is deter-
mined by the low mixing rate between stratosphere and
troposphere.

For onsite inspection of a suspected underground
explosion, twenty-one fission products were identified as
relevant residuals from a nuclear explosion
(Takano/Krioutchenkov, 2001). The most important
radionuclides are the xenon isotopes and with calcium-
rich environments Ar-37 as well. They may be sucked
through geological faults by atmospheric depressions and
thus can escape with some delay even from well-con-
tained underground explosions (De Geer, 1996b, and
Carrigan et al., 1996).

Radionuclide Network in the International
Monitoring System

The radionuclide network

The radionuclide network consists of three components:
eighty particulate stations, forty noble gas systems collo-
cated with particulate stations, and sixteen radionuclide lab-
oratories. Installation of the particulate stations is underway,
currently six particulate stations are certified, four more are
sending data.

The number of forty noble gas systems is a compromise
after some delegations were hesitant during the Geneva
negotiations to agree to this technique at all. A noble gas test
experiment performed at the Institute of Atmospheric

Radioactivity in Freiburg, Germany, convinced all interested
parties of the advantage to have noble gas systems. It is up
to the conference of state parties to decide after entry into
force of the CTBT to increase the numbers of noble gas
systems.

Sixteen radionuclide laboratories have been chosen during
the Geneva negotiations to further evaluate samples from
radionuclide stations. They are considered to have existing
expertise in order to make an independent evaluation. These
radionuclide laboratories will be certified by the PTS
regarding their procedures and their quality management,
but not regarding their expertise. National accreditation will
be taken into account.

What do the stations look like? The design of the stations
is based on the minimum requirements as required by the
CTBT Preparatory Commission (CTBT/PC/II/1.Add.2,
p-49) and shown in Tables 1 and 2. The station has always a
particulate system, either manual or automatic. Additionally
the station may host a noble gas system (Schulze, 2000).

Particulate stations
The sampler at each particulate station will draw at least 500
cubic meters per hour of air through a filter for about one day.
Each particulate station will draw at least 500 cubic meters
per hour of air through a filter for about one day in the
sampler. Decay time for background radioactivity in this fil-
ter and, if necessary, transportation time of the filter to a lab-
oratory should be no more than one day. By the end of the
third day, the measurement on a high-resolution gamma spec-
trometer will be taken and reported to the IDEC. With this
scheme the minimum detectable concentration (MDC) for the
“typical” fission product Ba-140 should be below 30 mBg/m3.
In case of a blank sample the limit is even 10 mBg/m3.
These requirements are strong and the limit of 30
mBg/m3 can be very difficult to achieve in high radon back-
ground areas.

Figurel. Radionuclide Station RN46
Chatham Islands, New Zealand
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Table I. Minimum Requirements for Radionuclide Particulate Stations

Characteristics Minimum Requirements
System Manual or automated 1
Air flow 500 m*h 2
Collection time' 24h 3
Decay time* 24 h 4
Measuraent time* 20 h 5
Time before reporting £72h 6
Reporting frequency Daily 7
Filter Adequate composition for compaction,

dissolution, and analysis 8
Particulate collection efficiency For filter: 80% at = 0.2 um 9

Global ©  60% at = 10 pm
Measuranent mode HPGe high-resolution gamma spectrometry 10
HPGe relative efficiency 40% 11
HPGe resolution <2.5keV at 1,332 keV 12
Baseline sensitivity™¢ 10 to 30 uBq m’ for '“Ba 13
Calibration range 88 to 1,836 ke V 14
Data format for gamma spectra
and auxiliary data RMS (Radionuclide Monitoring System) format’ 15
State of health Status data transmitted to IDC 16
Communication Two-way 17
Auxiliary data Meteorological data 18

Flow rate measurement every 10 minutes
Data availability 95% 19
Down time® 7 consecutive days 20

15 days annually

! Time specifications allow for an uncertainty of 10 percent, except for the reporting time parameter.
2 This value can be reduced, down to a minimum of six hours, if a suspicious event is detected by other stations or techniques.

? This value allows for authentication measurements for manual systems.

* This global value includes the 80 percent filter efficiency and the collection efficiency of the incoming air circuitry.

’ The upper limit is intended for high background areas.

¢ Certification procedures to be defined for baseline sensitivities (a posteriori MDCs) as well as the efficiency. Sample preparation losses

should not affect base line sensitivities.

7 This format should make provision for auxiliary data, authentication data and state of health data.
& Provision should be made for spare parts in particular areas where periodicity of transportation facilities is more than seven days.

A manual station consists of air sampler and VSAT
antenna outside, and the other equipment for filter pressing,
decay, and analysis in an HPGe detector, station control, and
data transfer inside a shelter (see Figure 1). An automatic
particulate system can be one of two currently available sys-
tems, one filter band machine and one robot system.

The noble gas systems need a sophisticated sampling
system since noble gases are inert (McKinnon 1996,
DASE/CEA 1998, Dubasov 1999 and Larson 1999). After
the sampling, a chemical purification process extracts the
radon. Otherwise the MDC of 1 mBg/m3 could not be
achieved. At the end of the purification, the amount of sep-
arated stable xenon is determined and the radioactivity is

measured. From these two numbers, the concentration of the
relevant xenon radionuclide in one cubic meter of air can be
determined assuming that the content of stable xenon in the
air is constant (ratio of xenon volume per standard volume
of atmospheric air is 0.087¢10°). The minimum require-
ments for noble gas systems are as follows.

For noble gas collection equipment, the specifications
include capability to measure 131mXe, 133mXe, 133Xe,
135Xe at a sampling rate of 0.4m3/h, with a total volume of
10m3 after twenty-four hours. Xenon isotopes are analyzed
by high-resolution y-spectrometry or by -y coincidence
technique with a measurement time of less than twenty-four
hours, having a detection sensitivity of ImBqg/m3 for 133Xe.
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Table II. Minimum Requirements for Radionuclide Noble Gas Stations

Characteristics Minimum requirements
Air flow 04 m’ h' 21
Total volume of sample 10m3 22
Collection time 24 h 23
Measuranent time 24 h 24
Time before reporting 48 h 25
Reporting frequency Daily 26
Isotopes measured BimXe, ¥Xe, ¥ Xe, ' Xe” 27
Measuranent mode’ beta- gamma coincidence 28
ﬁirgh—resolution gamma spectrometry
Minimum detectable concentration' 1 mBq m” for *Xe 29
State of health status data transmitted to IDC 30
Communication Two-way 31
Data availability 95% 32
Down time" 7 consecutive days 33

15 days annually

* 135 Xe is the right isotope. In the original table 135m Xe is tabled but this is wrong.

? Calibrations need to be defined.

1 MDCs for the other isotopes are not defined here since they critically depend on the detection system used.

"' This is a goal to be reached.

Detection limits of the other xenon radionuclides will be in
the same order of magnitude. For yspectrometry, either pla-
nar or coaxial type of HPGe can be used to detect 133Xe and
135Xe by their primary <y-signatures, 81keV and 250keV
respectively. 131mXe and 133mXe can be detected by their
163.9keV and 233.2keV gamma lines but have relatively
weak intensities of 1.96 percent and 10.3 percent due to
internal conversion of 30-34keV x-rays. In 8-y coincidence
technique, the spectrometer consist of a Nal detector for -
detection and a scintillator for B-counting. The 3-detector is
surrounded by Nal crystal to give a maximum detection effi-
ciency and through coincident measurement, the back-
ground of the [3- gated y-spectrum is reduced by a factor of
1,000 relative to a simple y-spectrum.

Figures 2a, 2b, and 3 show the four currently existing
high sensitive automatic noble gas systems.

Figure 4 shows a twofold exciting result from the noble
gas experiment in Freiburg (Bowyer et al., 2002). Firstly all
four systems show xenon peaks in the air at the same time.
Secondly the xenon peaks are quite sharp because of the
short sampling time down to eight hours. Until now the sam-
pling time was usually one week and therefore the concen-
tration was smeared out resulting in much lower peaks com-
pared to the background.

Global Communication Infrastructure

The Global Communication Infrastructure (GCI) is operated
by the Provisional Technical Secretariat for data transmis-
sion between the IDC and IMS stations as well as National
Data Centers. Through the GCI, the IMS stations send spec-
tra, state-of-health data, and meteorological data to the IDC.
The data are transmitted through very small aperture termi-
nals (VSAT) to one of five satellites. The latter send all data
to a hub that is linked through a frame relay network to the
IDC. The telecommunication services are provided by a pri-
vate company.

Radionuclide Analysis in the
International Data Center

Radionuclide data analysis

The mission of the International Data Center (IDC) is to
support the verification responsibilities of state signatories
by providing objective products and services necessary for
effectie global monitoring. Especially, the IDC shall
according to the Protocol, Part I:

* Receiw, collect, automatically process, interac-
tively analyse, report on, and archive data from IMS
facilities;

» Carry out special studies, provide technical assistance
and technical analysis of IMS or other data on request
by a state party.
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Figure 2b. ARSA (Pacific Northwest National
Laboratory, United States)

Figure 3. Noble gas system SAUNA (FOI, Sweden)
and SPALAX (DASE + SFI, France)

The routine operational work of the IDC can be compared
to a factory. The raw products are the data from IMS stations.
Once all stations are operational, the amount of data from the
four monitoring technologies received by the IDC will exceed
10 gigabyte per day, including data for at least 120 radionu-
clide samples (the precise number of daily noble gas samples
has still to be determined). Analysis of the raw data is
required to extract the relevant information, characterise it
and to make the results available in daily products that are
released according to a defined schedule. It is important to
note that the IDC provides standard products with no preju-
dice to final judgments that are up to the state signatories and
carried out basically at their national data centers.

The processing pipeline starts with automated process-
ing, followed by interactive analysis (Matthews/Schulze,
2001). For each spectrum an automated radionuclide report
(ARR) is released as soon as possible after the receipt of the
raw data, typically within a few minutes. This contains sample
information, processing parameters, calibration equations
and quality tests, a list of all peak detections with their
nuclide associations, nuclide quantifications, and minimum-
detectable concentrations for some key nuclides where no
detection has taken place.

Interactive analysis is performed mainly for quality control
of the automated processing. Within twenty-four hours after
receipt of the raw data, a reviewed radionuclide report
(RRR) is published. In addition to repeating the information
provided in the ARR with all required corrections, the RRR
contains analyst comments, event characterization results
and images from atmospheric transport modelling showing
the geographic region that the sampled air had passed.

Part of the interactive analysis is to scan the spectra for
peaks missed by the automated analysis (type II error) and to
decide whether a small peak is a false one (type I error). The
application of agreed peak definition criteria is expected to
reduce this workload. Another task is to check the nuclide
association especially for those peaks that might indicate the
presence of a relevant anthropogenic nuclide. This may be
difficult if there are interferences with natural radionuclides.
A typical example is a peak close to 140 keV that can both be
associated to the key energy line of Ge75m at 139.68 keV and
the only energy indicative for Tc99m at 140.51 keV. Cosmic
neutrons excite the germanium crystal of the detector by
inelastic scattering and the related peak is in fact sometimes
seen in particulate filter spectra. If the analyst decides that
Tc99m is present, the sample characterisation indicates the
presence of a CTBT relevant fission product and a special
bulletin called SSREB (see below) is issued and serves as an
alert to that fact. CTBT relevant anthropogenic radionuclides
are defined by an agreed list of fission and activation products
that are the best indicators for a nuclear explosion (De Geer,
2001). Currently, the categorization list for particulate
samples contains eighty-three radionuclides, the list for gas
samples has four xenon isotopes.
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Figure4. Xe-133 concentration in the air at
Freiburg during phase II of the noble gas experiment

Figure5. MDC for Ba-140 as a function of Pb-212 concentration
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Sample categorization
According to the current IDC event characterisation scheme,
every sample is categorized by one of the following five levels:

e Level 1 = Typical Background: The spectrum con-
tains only typical background of non-CTBT relevant
radionuclides (either natural or anthropogenic).

e Level 2 = Anomalous Background: Same as Level 1
but with an abnormal concentration.

* Level 3 = Typical Anthropogenic: The spectrum con-
tains typical measurements of CTBT relevant fission
products, or activation products.

* Level 4 = Anomalous Anthropogenic: Same as Level
3 but with an abnormal concentration of one CTBT
relevant nuclide.

e Level 5 = Multiple Anthropogenic: Same as Level 4
but with multiple CTBT relevant anomalous meas-
urements.

A radionuclide event is defined as a unique occurrence of
relevant anthropogenic radionuclides at abnormal concen-
trations and is categorized as a Level 4 or 5. For each
radionuclide event a special report called standard screened
radionuclide event bulletin (SSREB) is published simultane-
ously with the RRR. It summarizes information on the rele-
vant nuclides including isotopic ratios, if available. This
report incorporates additional information from certified
laboratory analysis and special atmospheric transport mod-
elling as well.

Radionuclide events occasionally happen when Cs-137
that is still remaining on the ground from historic releases is
resuspended into the atmosphere and measured at abnor-
mally high concentrations. What is considered abnormal is
determined from the concentrations measured in the recent
past at the same station and follows seasonal changes.
Fission products used in radiopharmaceuticals like 1-131
and Tc99m may cause radionuclide events, too.

Detection sensitivity

The IMS radionuclide stations achieve a high sensitivity.
The detection limits are described as minimum detectable
concentrations (MDC). They depend on the varying back-
ground of natural radionuclides, the sampled air volume,
decay and acquisition time, and counting efficiency. Table 1
gives the required detection limit for Ba-140. The expected
MDC:s for other isotopes can be predicted from this require-
ment because all isotopes occur in more or less defined
ratios. Table 3 lists the expected and measured detection
limits for key CTBT relevant nuclides. For the iodine iso-
topes lower limits are given, because the fraction of particu-
late iodine in air varies according to the generation and
transportation processes. The average MDCs are calculated
for nine IMS stations over all daily spectra that were ana-
lyzed up to the time of writing. The fourth column in Table
3 gives the ranges of these average MDC:s for key nuclides.

The MDC is determined by the level of Compton back-
ground from natural radionuclides. This is typically domi-
nated by Th-232 and its decay chain. Pb-212 is a decay
product of Rn-220 that emanates from the ground wherever
Th-232 deposits are found. Radionuclide stations sited on
oceanic islands achieve the best sensitivity, because they
experience the lowest natural background. Figure 5 shows
the dependence of the Ba-140 detection limit from the Pb-
212 concentration. The shape of the curve is can be fitted
with sqrtfa + b*conc(Pb-212)] (Denier/Toivonen, 2001).
Typical Pb-212 backgrounds vary from 10 mBg/m’ to 1
Bg/m’. The MDC for Ba-140 in general remains below 30
pBg/m’.

Data fusion

One task that is unique to the International Data Center
(IDC) is the physics-based fusion of data and products from
the four monitoring technologies using information about
propagdion of signals through the earth, oceans and atmos-
phere. Events can be associated, if they have a high correla-
tion in space and time. Waveform signals detected by seismic,
infrasound, or hydroacoustic sensors, can be fused to so-
called seismoacoustic events, if they can be traced back to
the same origin in space and time. At least three phases are
required to identify an event. The seismoacoustic events can
be located very accurately in space and time. It is required
that the area of the related error ellipse remains below 1,000
km? because, according to the Protocol to the Treaty, this is
the maximum size to which an onsite inspection would be
limited.

In contrast to this accuracy requirement, the origin in
space and time of radionuclide events is determined with
significantly larger uncertainties for the following reasons.
The origin time of the radionuclide release remains undeter-
mined unless plume age information can be derived from the
measured isotopes. The location inaccuracy is due to the air
transport over long distances, the mixing of air in all three
dimensions, and changes in wind direction. A plume can
travel around the globe with a transport time of one to two
weeks. In addition, there are significant uncertainties
involved in atmospheric transport modelling. As a result, the
area from where the air originates that arrives at the sam-
pling site during the collection period (scheduled to last for
twenty-four hours for particulate samples and eight, twelve,
or twenty-four hours for noble gas samples) is typically very
large. Allowing for seventy-two hours travel time, it has a
size of 1 to 5 million km?.

Due to the uncertainty in time and space of the release
that caused a radionuclide event, fusion with a seismoa-
coustic event is very difficult. However, data fusion between
seismoacoustic and radionuclide events is essential for two
reasons. First, a seismoacoustic event that is caused by an
explosion can only be characterized as a nuclear explosion,
if it is shown to be related to at least one radionuclide event.
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Table III. Minimum Detectable Concentrations (MDC) for Key Nuclides

Nuclide Half-life MDC Expected (?Bq/m?) Average MDCs Achieved (?Bq/m’)
Ba-140 12.8d 10-30 5-23
Ce-143 14d 15-50 6-25
Cs-134 2.1y 3-10 1.5-5.3
Cs-136 13.2d 3-10 1.5-6.1
Cs-137 30.1y 3-10 1.5-6.5
I-131 8.0d >5 1.4-6.9
1-133 20.8 h >30 5.5-27
Mo-99 2.7d 20-60 17-69
Nb-95 35.0d 5-15 1.5-6.6
Ru-103 39.3d 3-10 1.1-5.3
Te-132 3.2d 5-15 1.4-6.7
Zr-95 64.0d 3-10 2.5-10
Zr-97 169 h 20-60 9.0-34

Second, the location capability associated with radionuclide
events can be improved by relating it to a seismoacoustic
event.

Therefore, a capability is needed to fuse seismoacoustic
events with detections of relevant radionuclides in the
atmosphere. Since event fusion depends on co-location in
space and time, atmospheric transport, and dispersion mod-
elling is applied to get indications for the possible source
location of radionuclides detected at one of the eighty sam-
pling sites. To put it another way, the geographic area asso-
ciated with a radionuclide event can be used to exclude most
of the seismoacoustic events because they are outside the
relevant field of regard. This reduces significantly the num-
ber of potentially relevant seismoacoustic events.

Atmospheric transport modelling to get indications for the
possible radionuclide source area

Atmospheric transport modelling is applied to get indica-
tions for locating the origin of the relevant radionuclides.
Single sample modelling is applied routinely for each single
sample and—in the absence of event time information—
does not allow for a meaningful source location. In case of
radionuclide events, multi-sample and network modelling
can significantly improve location capabilities. Various pos-
sible products can be generated with atmospheric transport
modelling by the IDC (Kalinowski, 2001).

In order to account for the inherent uncertainties of mod-
elling atmospheric processes, the standard presentation of
results considered for CTBT purposes is the so-called field
of regard (FOR). This will say that the shown geographical
area is only indicative for a possible source region and,
therefore, is a field that can be taken into regard for further
investigation. The FOR is defined as the geographic area

indicating possible sources of air that may have contributed
to the radionuclide measurement at a specific station within
a specific sample collection period. In estimating this area
certain assumptions have to be made (e.g. source at ground
level). The FOR is a function of certain parameters, espe-
cially the transport time and dilution ratios. Especially, the
geographic area depends on time and is the larger the longer
the radioactive plume travel time is assumed to last. The ori-
gin time of a radionuclide event can be determined only, if
suitable isotopic ratios can be calculated. Plume age infor-
mation would confine the FOR area to be meaningful for
source location. If the origin time is not known, standard
FORs are shown, e.g., for twenty-four-hour, forty-eight-
hour, and seventy-two-hour periods before the collection
stop time.

An enhanced version of the standard FOR could quantify
for each region and point in time the maximum release con-
centration that is consistent with the collected sample. This
value can be derived either from the measured concentration
at the detector site or—if this is not available—from the
minimum detectable concentration by accounting for the
dilution caused by turbulent mixing, scavenging, and other
processes along the transport path.

A significant reduction of the possible source area as
well as a determination of the origin time can be achieved by
inverse multi-sample modelling, i.e. by combining FORs
that are related to different detector sites (network analysis)
and to more than one collection period (consecutive sample
analysis). This can be compared to seismoacoustic analysis
that requires at least three defining phases from three differ-
ent stations in order to form an event and determine its ori-
gin time and location. Under favorable meteorological con-
ditions, the achievable accuracy is in the order of the model
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resolution. The IDC software is currently planned to have a
resolution of three hours and 1°x1° for longitude and lati-
tude. The possible source region of a particular event can be
confined by rejecting and confirming areas that are covered
by FORs related to other samples. The confirmed region can
be defined by the union of all geographic areas that are
matching in travel time estimate for all sites that detect the
same event (positive indication). The region can be further
confined by cutting off those areas that have matching travel
times and are related to samples in which the relevant
radionuclide is not detected (negative indication).

The method of choice for calculating FORs and combining
them is to calculate the source-receptor sensitivity matrix
that contains the transfer functions between all possible
regions for a radioactive release (sources) and all detector
sites (receptors). The source-receptor matrix can be calcu-
lated by dispersion models operating in backward mode to
calculate the retro-plume from the detector sites. Depending
on the conditions, the inverse modelling with multiple sam-
ples may be solvable only with so-called regularization, i.e.
the input of a priori knowledge that may especially be either
the origin time or the location (Seibert, 2001). This could be
applied in expert technical analysis as hypothesis testing
related to seismoacoustic events.

A further significant reduction in possible source area
can be achieved, if the origin time of the detected radionu-
clides can be estimated. Given the presence of certain iso-
tope pairs with suitable half-lives in the sample, isotopic
ratios could be utilized to determine the age of the sampled
plume. Useful isotope pairs are Ba-140/La-140, Nb-95/Zr-
95, and with more uncertainties Xe-133/Xe-131m, Xe-
133m/Xe-133, and Xe-135/Xe-133. A plume age probability
distribution can be derived from the error associated with the
isotopic concentration ratios. Since the elements of the
source-receptormatrix are a function of the travel times they
can be multiplied by the plume age distribution to get the
source probability matrix as a function of space and time.

The source probability could be even further improved,
if information about the release scenario, especially the
source strength probability distribution, is available.

The IDC will not be left alone with the task of atmos-
pheric transport modelling. It has been decided that the
CTBTO PrepCom will cooperate with the World
Meteorological Organization (WMO). In 1997, the WMO
set up a task group on WMO/CTBTO matters to explore
areas of possible future collaboration. Its findings were pre-
sented in a final report (Draxler/Bourdette, 1998). A frame-
work agreement between the CTBTO PrepCom and the
WMO has been prepared in 2000 and is now being put in
operation. Under this agreement the WMO Regional
Specialized Meteorological Centers will run their models to
determine potential source regions for radionuclide events
of interest and the IDC will receive meteorological analysis
data to drive its atmospheric transport models.

Summary

The measurement of atmospheric radioactivity is one out of
four sensor technologies used in the IMS for the verification
of the CTBT. Only radionuclide signatures can be applied to
distinguish between nuclear and chemical explosions. The
particulate and noble gas sensors at the eighty radionuclide
stations will take daily samples that are analyzed by the
International Data Centre (IDC). A high sensitivity can be
achieved: 30 uBq/m’ for Ba-140 and 1 mBg/m’ for Xe-133.
Atmospheric transport modelling is applied to get indica-
tions for a possible origin in time and space for radionuclide
events. The goal is to enable the fusion of radionuclide and
seismoacoustic events by determining their correlation in
time and space.
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Philip W. Gibbs

Gregg Protective Services

1121 Highview Ave.

North Augusta, SC 29841
803/442-4410

Fax: 803/442-9144

E-mail: pgibbs @ greggservices.com

Patricia Godoy-Kain

Pacific Northwest National Laboratory
3230 Q Ave.

EESB Bldg. MSIN K8-46

Richland, WA 99352

509/372-4320

Fax: 509/372-4316

E-mail: patricia.godoy-kain @pnl.gov

Kimberly Johnson-Miller
New Brunswick Laboratory
U.S. Department of Energy
9800 S. Cass Ave., Bldg. 350
Lemont, IL 60439
630/252-4334
Fax: 630/252-6256
E-mail:kimberly.johnson-
miller@ch.doe.gov

Caroline Jorant

AREVA

27 - 29 Rue Le Peletier

Paris Cedex 09, F-78141

France

+33-1-44-837391

Fax: +33-1-44-832537

E-mail: caroline.jorant@
arevagroup.com

Jozef Kuzminski

Los Alamos National Laboratory
P.O. Box 1663, MS E540

Los Alamos, NM 87545
505/667-9062

Fax: 505/665-4433

E-mail: josephk@lanl.gov

Larry Lee

Westinghouse Safety
Management Solutions

703-42A SRS

Aiken, SC 29803

803/725-8934

Fax: 803/725-2477

E-mail: larry.lee @wxsms.com

Richard Oberer

Y-12 National Security Complex
P.O. Box 2009, MS 8084

Oak Ridge, TN 37831
865/574-6559

Fax: 865/576-2782

E-mail: 7ro@y12.doe.gov

Joe Saloio

Sandia National Laboratories
P.O. Box 5800, MS 1203
Albuquerque, NM 87185-1203
505/845-3067

Fax: 505/844-8119

E-mail: jhsaloi@sandia.gov

George M. Taylor

BWX Technologies Inc.

2016 Mt. Athos Road

Lynchburg, VA 24504-5447
434/522-6024

Fax: 434/522-5450

E-mail: gmtaylor@mcdermott.com

Gregory J. Van Tuyle

Los Alamos National Laboratory
P.O. Box 1663, MS K760

Los Alamos, NM 87544
505/665-4581

Fax: 505/665-4109

E-mail: vantuyle @lanl.gov

Lodewjk VandenBerg
Constellation Technology Corp
7887 Bryan Dairy Road, Suite 100
Largo, FL 33777-1498
727/547-0600

Fax: 727/545-6150

E-mail: Ivdberg @contech.com
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MEMBER NEWS

INMM Membership Directory Now Online

As I hope you already know, the INMM
Membership Directory is now available
online. After many requests to make the
directory available electronically, we
launched this new member benefit with
the 2002 edition of the directory. The
membership directory is available by
passwad access, and is intended for
member use only. Please do not abuse
this service; the membership listing is not
to be used as a marketing list, but has
been made available to make the direc-
tory available to you even when you are
away from the office. The 2002
Membership Directory was also pro-
duced in hard copy format, and was
mailed to you this spring.

One of the best features of the elec-
tronic version is the ability for you to
ensure that your information is always up
to date. If your contact information
changes, please edit your information so
that other members can keep up with
you. When you log on and confirm your
information, you will also have the
opportunity to see the other great
improvements that have been made to the

INMM Web site. Our thanks to INMM
Communications Chair James Griggs
and his team for all of their hard work.

Write On

Two of our members have co-authored
books that recently have been published.
Frank Jones was a co-author of The
Handbook of Mass Measurement, and
Steve Dupree was a co-author of A
Monte Carlo Primer: A Pmuctical
Approach to Radiation Transport. Our
congratulations go out to them. These
works are further evidence that our
membership includes individuals who
are in the forefront of their respective
fields related to the management of
nuclear materials.

A Note on New Members

We again welcome our newest mem-
bers, listed on page 68 of this issue. I
encourage all new members to get
involved with a technical division that is
of interest to you and your regional
chapter. Those new members attending
this year’s INMM Annual Meeting will

find that this is the best opportunity each
year to obtain current information on all
aspects of nuclear materials manage-
ment and to interact with world leaders
in our field. For those who have joined
since the last annual meeting, it is also
the opportunity for you to attend a spe-
cial welcoming reception in your honor
that provides you with the opportunity
to interact one-on-one with the current
INMM officers. I hope that you will take
advantage of it.

A Short Reminder

As always, if you have any news about
an INMM member, including yourself,
be sure to keep your colleagues
informed by contacting either me at
scott.vance @shawpittman.com or our
JNMM Managing Editor Patricia
Sullivan at psullivan@inmm.org. Please
include photographs when possible.

Scott Vance

Chair, INMM Membership Committee
Shaw Pittman

Washington, D.C. U.S.A.

New Member Corrections

Please note: In the Winter 2002 issue of JNMM, some of the listings in our New Member section were incorrect.
The corrected listings are published below. We apologize for any inconvenience this may have caused.

Toney A. Mathews

Duke Engineering and Services

400 S. Tryton St.

MS WC26B\

Charlotte, NC 28202

704/373-7832

Fax: 704/373-8666

E-mail: tmathews @
dukeengineering.com

Melanie P. May

U.S. Department of Energy
Office of Safeguards and Security
19901 Germantown Road
Germantown, MD 20874-1290
301/903-1566

Fax: 301/903-8717

E-mail: melanie.may@hq.doe.gov

Douglas R. Mayo

Los Alamos National Laboratory
P.O. Box 1633, MS E540 NIS 5
Los Alamos, NM 87545
505/665-4126

Fax: 505/665-4433

E-mail: mayo@Ilanl.gov

continued on page 70
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MEMBER NEWS

JoAnn O’Connor

U.S. Enrichment Corp.

P.O. Box 628

Piketon, OH 45661

740/897-2331

Fax: 740/897-2647

E-mail: oconnorja@ports.usec.com

Stephan Richter

New Brunswick Laboratory

Nuclear Physics Reference Materials
9800 S. Cass Ave.

Argonne, IL. 60439

630/252-3122

Fax: 630/252-5265

E-mail: stephan.richter@ch.doe.gov

A
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Joseph T. Rowan III
Joseph Oat Corp.

2500 Broadway, Drawer 10
Camden, NJ 08104

856/541-2900

Fax: 856/541-0864

E-mail: jrowan@josephoat.com

Mark W. Scott
U.S. Enrichment Corp.

P.O. Box 628

Piketon, OH 45661

740/897-2442

Fax: 740/897-2647

E-mail: scottmw @ports.usec.com

John R. Shultz

U.S. Department of Energy
19901 Germantown Road
Germantown, MD 20874
301/903-2422

Fax: 301/903-8717

E-mail: jshult@earthlink.net

David J. Swahlan

Sandia National Laboratories
P.O. Box 5800

Albuquerque, NM 87185
505/844-7489

E-mail: djswahl @sandia.gov
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Once again, TSA Systems has the solution!

We can now provide you with instruments ranging from pager
sized to lar ge vehicle
portal monitors all of which are specifical ly designed for the

14320 Longs Peak Court

Longmont, Colorado 80504  ph: 970.535.9949
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In Memoriam

John William Arendt (1921-2002)

The Institute of Nuclear Materials
Management and the nuclear commu-
nity lost a valued member and friend
with the death of John Arendt from a
heart attack at his home on April 21,
2002. He was 80.

Mr. Arendt was the voice and pro-
moter of consensus technical standards
in the Institute of Nuclear Materials
Management. He served as the chair of

the INMM’s American Nuclear
Standards Institute (ANSI) NI14
Technical Standards Committee

(Packaging and Transportation of
Radioactie Materials) from 1985
through 2001, and was INMM'’s repre-
sentative on ANSI’s Nuclear Standards
Board, vice chair of the Nuclear
Standards Board Planning Committee,
and a member of the International
Standards Organization Development
Board. He participated in the drafting of
the original NI14.1 standard on
“Uranium Hexafluoride Packaging for
Transport” and was active in the devel-
opment of standards for more than thirty
years. Mr. Arendt was one of the first to
propose that INMM’s scope be
expanded to include the packaging and
transportation of nuclear materials. He
received the 1994 INMM Meritorious
Service Award for his contributions to
INMM’s technical standards programs.
Mr. Arendt was one of INMM'’s earliest
members, having joined on July 10,
1959. He became a Fellow of the
Institute in 2000.

Mr. Arendt was born in 1921, in
Fredonia, Wisconsin. His parents owned
a cheese factory. After graduating from
Marquette University in 1943 with a
degree in chemical engineering, Mr.
Arendt went to work for the University
of Chicago on the Manhattan Project. In
1945, he moved to Oak Ridge,
Tennessee, to work for the Union
Carbide Corp.-Nuclear Division at the

Oak Ridge Gaseous Diffusion Plant
(ORGDP). There he was a production
supervisor for handling, measuring,
storing, packaging, and shipping of
nuclear materials, ORGDP coordinator
for civilian applications of nuclear mate-
rials, superintendent for inspection,
metallurgical and nuclear engineering;
superintendent for physical measure-
ments, inspection, and nuclear technol-
ogy, project manager for the U.S.
National Uranium Resource Evaluation
Program, and superintendent for planning
in the gas centrifuge program. He also
served on the ORGDP Nuclear Safety
Committee.

In 1983, Mr. Arendt was appointed
to the Y-12 Mercury Task Force on
which he chaired the Environmental
Impact Committee. While at ORGDP,
Mr. Arendt participated on the team to
design, test, and build the 30A cylinder
and overpack for the transportation of
uranium hexafluoride, as well as other
containers for the transport of nuclear
materials. Before the 30A (30-inch
diameter) cylinder was approved, ura-
nium hexafluoride was packaged only in
6- and 12-inch diameter cylinders. The
30A cylinder facilitated reactor fuel fab-
rication and growth of the U.S. commer-
cial nuclear industry. Mr. Arendt pre-
pared the first manual on handling of
uranium hexafluoride, ORO-651, revi-
sions of which still serve as the basic
source of information on the subject.
Beginning in 1965, Mr. Arendt repre-
sented the United States in international
symposia on packaging and transporta-
tion of radioactive materials. Mr. Arendt
“retired” from Union Carbide Corp. in
1984.

In his retirement, Mr. Arendt worked
as a senior engineer for JBF Associates
for two years and then started his own
consulting company, John W. Arendt
Associates, Inc., which he ran until his

death. In 1985, he became chair of the
“moribund” ANSI N14 Technical
Standards Committee and quickly con-
verted it into an ““active, energetic” pro-
gram. In the early 1990s, Mr. Arendt
supported improving the safety of oper-
ations at Department of Energy (DOE)
facilities through participation on eight
Technical Safety Appraisal Tiger Teams
and a Chemical Safety Appraisal Team.
In 1995, Mr. Arendt was appointed by
President Clinton to the U.S. Nuclear
Waste Technical Review Board. Mr.
Arendt was a registered professional
engineer in the state of Tennessee and an
INMM-Certifed Nuclear Materials
Manager. In addition to his work in
INMM, Mr. Arendt was also active in
the American Chemical Society,
American Nuclear Society, American
Society of Mechanical Engineers,
American Society of Quality Control,
American Society for Non-Destructive
Testing, the National Society of
Professional Engineers, the Tennessee
Society of Professional Engineers, the
Standards Engineering Society, and the
American Nuclear Standards Institute.
He was a life member of the American
Defense Preparedness Association.

In addition to the nearly sixty years
of service Mr. Arendt gave to the field of
nuclear materials management, Mr.
Arendt also served his community as
chair of the Anderson County United
Way Campaign, as president of the
Anderson County Unit of the American
Cancer Society, on the Tennessee Board
of Directors of the American Cancer
Society, and as Exalted Ruler of the
Benevolent Protective Order of Elks.

Mr. Arendt is survived by his wife,
Avanell Beatty Arendt, his sons, Steve
Arendt and his wife, Susan, and Philip
Arendt; two grandsons, a granddaughter,
and a sister.
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Calendar

June 23-27, 2002

43rd INMM Annual Meeting,
Renaissance Orlando Resort, Orlando,
Florida, U.S.A. Sponsor: Institute of
Nuclear  Materials  Management.
Contact: INMM, 60 Revere Drive, Suite
500, Northbrook, IL 60062; phone,
847/480-9573; fax, 847/480-9282; E-

mail, inmm@inmm.org; Web site,
http://www.inmm.org.

August 11-16, 2002

International Nuclear Atlantic

Conference 2002, Hotel Sofitel Rio de
Janiero, Rio de Janiero, Brazil. Sponsor:
Associacdo Brasileira de Energia
Nuclear. Contact: INAC2002, Web site;
www.inac2002.com.br.

September 8-13, 2002

EU-High Level Scientific Conference—
S t rengthening Global Practices for
Protecting Nuclear Material, Institute
for Physics and Biophysics, University
of Salzburg, Salzburg, Austria. Sponsors:
European Commission, Lawrence
Livermore  National = Laboratory,
European Forum, Institute for Inter-
national Studies—Stanford University,
Austrian Institute for European Security
Policy. Contact: Claudia Heissl,
NUMAT-Conference Secretariat Office,
Institute of Physics and Biophysics,
Uniwersity of Salzburg, Hellbrunner
Strasse 34, A-5020 Salzburg, Austria;
phone, +43-662-8044-5700; fax: +43-
662-8044-150, E-mail, physik@sbg.
ac.at; Web site, http://www.numat.at.

October 14-18, 2002

Safe Decommissioning for Nuclear
Activities: Assuring the Safe Termi-
nation of Practices Involving Radio-
active Materials; Pro Arte Hotel
Berlin, Berlin, Germany. Sponsor:
International Atomic Energy Agency.
Contact: TAEA, IAEA-CN-93, Vienna
International Centre, Wagramer Strasse
5, P.O. Box 100, A-1400 Vienna,
Austria; E-mail, official.mail @iaea.org;
Web site, http://www.iaea.org.

October 16-18, 2002

America’s Nuclear Energy Symposium
(ANES 2002), The Biltmore Hotel,
Miami, Florida, U.S.A. Sponsors: The
U.S. Department of Energy and the
American Nuclear Society. Contact:
Caroline Raffington; phone, 305/348-
5016; E-mail, anes2002@hcet.fiu.edu;
Web site, http://www.anes2002.org.

N ovember 4-8, 2002

International Symposium on Nuclear
Power Plant Life Management,
Budapest, Hungary. Sponsors: Inter-
national Atomic Energy Agency. Hosts:
the government of Hungary through the
Hungarian Nuclear Society. Contact: K.
Morrison, Conference Service Section,
Division of Conference and Document
Services, IAEA, Vienna International
Centre, Wagramer Strasse 5, P.O. Box
100, A-1400 Vienna, Austria; E-mail,
K.Morrison@iaea.org Web site, http://
www.iaea.org.

December 2-6, 2002

International Conference on Safety
Culture in Nuclear Installations, Rio
de Janeiro, Brazil. Sponsor: Inter-
national Atomic Energy Agency. Host:
the government of Brazil in cooperation
with Eletrobras Termonuclear S.A. -
Eletronuclear and Industrias Nucleares
Brasileiras. Contact: Hildegard Schmid,
Conference Service Section, MTCD,
International Atomic Energy Agency,
TAEA-CN-97, P.O. Box 100, Wagramer
Strasse 5, A-1400 Vienna, Austria;
phone, (+43) 1-2600-21316; fax, (+43)
1-26007; E-mail, Hildegard.Schmid@
iaea.org; Web site, http://www.iaea.org.

January 15-17, 2003

INMM Spent Fuel Management
Seminar XX, the Loews L”Enfant Plaza
Hotel, Washington, D.C. U.S.A.
Sponsor: Institute of Nuclear Materials
Management. Contact: INMM, 60
Revere Drive, Suite 500, Northbrook, IL
60062; phone, 847/480-9573; fax,
847/480-9282; E-mail, inmm@inmm.
org.

July 13-17, 2003

44th INMM Annual Meeting, JW
Marriott Desert Ridge Resort, Phoenix,
Arizona U.S.A. Sponsor: Institute of
Nuclear  Materials = Management.
Contact: INMM, 60 Revere Drive, Suite
500, Northbrook, IL 60062; phone,
847/480-9573; fax: 847/480-9282; E-
mail: inmm@inmm.org.
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