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Learning, by nature, is an open and ongoing
process. A period of change presents an
especially dynamic learning environment,
a learning laboratory. Those living
through the change are commonly pre-
sented with significant challenges and
opportunities. Those observing the chang-
ing world of others also have an opportu-
nity to learn and plan ahead.

Europe, especially the European
Union (EU), is in a period of change. The
enlargement of the EU occurred on May
1, 2004, with the addition of ten coun-
tries. (How many can you name?) No one
knows the full extent of the resultant sig-
nificant changes and impacts, positive and
negative. These changes are reaching into
the European safeguards community too.
Six U.S. INMM members recently had a
window into this world during the inter-
nal 2004 European Safeguards Research
and Development Association (ESARDA)
annual meeting, June 1–4, 2004, in
Luxembourg.

The European Commission (EC)
Directorate General for Energy and
Transport, Direction I Nuclear Safeguards
(DG TREN-I), is living through this
period of European and global change and
is re-examining its safeguards approach.
The intent of DG TREN-I is to proactively
respond to the current and anticipated
global threats of nonproliferation and
nuclear terrorism. Economic and financial
factors are doubtlessly another driver for
the anticipated redefinition of European
safeguards implementation. Some also
believe there is a link to the perception
that the nuclear industry in Europe is
entering a period of decommissioning and
disposal (prior to Generation IV?).

At the time of the ESARDA meeting
a few basic precepts, but few details, of this
new safeguards approach were emerging.
There is an expectation of fewer resources

being devoted to nuclear safeguards and
more to external security. There is talk of
fewer regular inspections replaced by a few
unannounced inspections. TREN is also
expected to place more emphesis and
reliance on quality operators’ safeguards
systems with independent accreditation,
authentication, and random testing. This
could obviously have a potential signifi-
cant impact on the IAEA safeguards
approach and implementation in Europe
and on the state regulators and facility
operators. These recipients of the revised
EC policy are anxiously awaiting the
imminent, formal, official requirements
and guidance. Those of us in the remain-
der of the domestic and international safe-
guards community can no doubt benefit
from learning about the forthcoming
changes in European safeguards.

The EC and ESARDA are also in the
midst of redefining their relationship. In
terms of mission, ESARDA is the most
similar international professional organiza-
tion to the INMM. Organizationally,
ESARDA is radically different. Its exis-
tence and relationship is formalized in an
agreement with the EC, due to expire at
the end of 2004. Their members are
organizations, not individuals, and there
are no member dues.

The EC is driven to change its rela-
tionship with ESARDA because it will no
longer accept any legal (financial) liability
through agreements with legal entities. (A
legal entity is one that conducts financial
transactions.) An ESARDA focus group
has completed a study and produced a
report with recommendations regarding
the organization and functions of a new
ESARDA. They are planning a loose net-
work of organizations that conducts no
financial business, yet will continue to
provide leadership to the European safe-
guards community. We wish ESARDA

well. Some of this transformation could be
a learning opportunity for INMM.

ESARDA, like the INMM, has recog-
nized the next generation nuclear profes-
sional staffing issue. It has started down
the path of developing a modular safe-
guards training course to be made avail-
able on the ESARDA Web site, http://www.
jrc.cec.eu.int/esarda/. INMM has begun
exploring a common training activity with
ESARDA.

This is my last column as the presi-
dent of INMM. Being president has cer-
tainly provided a major learning
opportunity for me, both personally and
professionally. More importantly, I hope I
have been able to successfully lead INMM
into some new areas that will help our
Institute and profession grow, but others
will be the judge of that. I recall columns
from past presidents that seemed to fre-
quently address the value of volunteers.
After two years as president I have a much
greater appreciation of that. I would like
to personally thank and recognize the
many faithful volunteers of the INMM,
certainly including the other officers and
Executive Committee, members-at-large;
the division, committee, and chapter
chairs and their committees; and the
INMM executive directors, Rachel Airth
(retired) and Leah McCrackin, and all the
Sherwood Group Inc. management and
staff who so ably serve the INMM. There
is always a need and place for new, active
INMM volunteers. What are you doing to
support the INMM and our nuclear mate-
rials management profession?

Best regards,
John Matter
President, 2003–2004

INMM President John C. Matter may be
reached by e-mail at jcmatte@sandia.gov.

President’s Message
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This very special issue of the Journal is the
result of efforts of Jim Larrimore, the chair
of the International Safeguards Technical
Division, and the authors. Jim believed an
update on the international community’s
efforts in pursuing integrated safeguards
would be an appropriate theme. Each of
the articles brings a slightly different
perspective or theme, and all of them are
interesting to read.

The Foreword, by Pierre Goldschmidt,
the deputy director general for safeguards
at the International Atomic Energy Agency
(IAEA), sets the stage. He provides history,
discusses comprehensive safeguards agree-
ments (CSAs), and  the Additional
Protocol (AP), and introduces the concept
of optimized or integrated safeguards (IS).
He highlights that CSAs were focused on
specific facilities, but with the adoption of
the AP, the strengthened, or integrated,
safeguards, are at the state level. His paper
is followed by one by Jill Cooley, also of the
IAEA, who provides an update of the
IAEA’s thoughts and efforts toward the
integrated safeguards vision. 

Japan’s experience in fulfilling the
goals of the AP and preparing for imple-
menting IS is provided in the article by
Kaoru Naito and his colleague, Koji Saeki.
I found this paper to be an apparently
good description of “where the rubber
meets the road.” In fulfilling the AP
requirements for additional declarations
on facilities and sites, the authors state in
referring to the declarations made in 2003
that Japan has “…5,349 buildings on 167
sites…” In the Canadian paper by James
Casterton and his colleagues, it becomes
apparent that Canada has made much
progress toward implementing  IS. I found
one of their comments very provoking. 

If one wonders how much energy is
put into a state ratifying the AP, you will
really wonder about the situation in the

European Union (EU). U. Blom-Hieber,
S. Tsalas, and F. MacLean of the
European Commission describe how the
European Union, with two nuclear
weapons states, thirteen non-nuclear
weapons states, and the European Atomic
Energy Community (ESARDA) pro-
ceeded in having the three APs (one for
each weapons state and one for the thir-
teen non-weapons state) enter into force
before May 1, 2004, when ten new states
joined the EU. They accomplished this
feat on April 30, 2004. The following
paper is also EU related, authored by
Arnold Rezniczek and his colleagues, and
discusses the efforts that ESARDA put
forth to assist the EU states in preparing
for entry into force of the APs.

John Carlson of the Australian
Safeguards and Nonproliferation Office
provides insight into some issues associ-
ated with IS. One is extremely intriguing.
In traditional safeguards, every facility of a
particular type has the same safeguards
applied. In IS, the system is at the state
level, and thus could vary from state to
state. Rezniczek, and his colleagues
Gotthard Stein, Bernd Richter, and Hans
Remagen, discuss how the implementa-
tion of IS in Germany will be a demanding
task, although Germany has decided to
phase out the use of nuclear energy for
electricity production and to terminate
government funding of R&D in this field.

Sonia Fernández Moreno of Argentina
provides insight into the possibility of
implementing safeguards differently at
similar fuel cycle facilities in different
states without affecting the nondiscrimi-
natory principle governing international
safeguards having the same safeguards
obligations, a principle she states is vitally
important. The paper by Ron Cherry,
Dunbar Lockwood, Jonathan Sanborn,
and Susan Pepper highlights the United

States’ strong endorsement of the AP and
IS and U.S. technical contributions.

Mike Beaman, Glen Hawkins,
Lawrence Johnson, and Bill McCarthy of
the United Kingdom Safeguards Office
bring the dictionary to terms such as inte-
gration, transparency, understanding, and
credible judgment, all of which are impor-
tant in the AP and IS. In the final paper by
Marius Stein and his colleagues (including
his father), the old International Nuclear
Fuel Cycle Evaluation (INFCE) is revisited
in today’s environment. They conclude
that multinational nuclear facilities/fuel
cycles are feasible, and discuss the role
that the IAEA might play in such endeavors.

I believe Jim Larrimore and his
authors have done an outstanding job.
Part of me worries about the need for
nuclear energy to help fill the needs in the
out years, such as fifty years from now, and
the concern for the proliferation that
exists. If done right, I believe that IS can
help significantly to mitigate such concerns.

A Sad Loss
We are saddened by the recent death of
Cecil Sonnier, retired chair of the INMM
International Safeguards Technical
Division. Cecil was a dear friend and we
worked together on my team for ten years.
He was a stalwart in the international safe-
guards community and I learned a great
deal from him. He will be dearly missed.
Our condolences to his family.

We will include a fitting memorial to
Cecil in the fall issue of JNMM. 

JNMM Technical Editor Dennis Mangan
may be reached by e-mail at dennismangan@
comcast.net.

Technical Editor’s Note
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Effective International Atomic Energy Agency safeguards remain
the cornerstone of the nuclear nonproliferation regime, based
upon the Treaty on the Nonproliferation of Nuclear Weapons
(NPT), which is aimed at preventing the spread of nuclear
weapons and moving toward nuclear disarmament. There have
been many challenges to the nonproliferation regime over the
years, however its continued success has been, to a great extent,
dependent on the ability of the IAEA’s safeguards system to adapt
in response to those challenges.

Events in the early 1990s—including the discovery that Iraq
pursued a completely clandestine nuclear weapons program
despite the IAEA’s successful verification of declared nuclear
material—underscored the importance of strengthening the
IAEA’s capability to detect undeclared nuclear material and
activities. With the support of the international community, a
concerted effort was made in the 1990s to identify and implement
measures to strengthen the safeguards system. This effort focused
on two aspects: measures that could be introduced under the legal
authority of comprehensive safeguards agreements (CSAs), and
additional rights that were incorporated into a Model Protocol
Additional to safeguards agreements (INFCIRC/540 [Corr.]),
approved by the IAEA Board of Governors in 1997.

Nuclear material accountancy remains of fundamental
importance in the implementation of strengthened safeguards,
and the IAEA, by implementing a focused action plan to address
safeguards implementation difficulties, has continued to improve
its attainment of inspections goals for declared nuclear material
and now maintains that attainment at a high level.

The strengthening measures under the legal authority of
CSAs include increased access to and evaluation of information,
including early provision of nuclear facility design information
and voluntary reporting of exports of specified non-nuclear
material and equipment by states; the use of advanced technology
such as environmental sampling and unattended monitoring
systems; and the review and strengthening of safeguards
approaches, where needed.

Under an Additional Protocol (AP), a state with a CSA is
obliged to provide the IAEA with a wider range of information
regarding all aspects of its nuclear fuel cycle, nuclear-related R&D
program, and manufacture and export of sensitive nuclear-related
technologies. In addition, the IAEA has the right to access a wider

range of nuclear-related locations to assure the absence of
undeclared nuclear material and activities, verify the status of
decommissioned facilities and locations outside facilities, and
resolve questions or inconsistencies with regard to the state’s
declarations.

With the introduction of the safeguards strengthening
measures, including APs, the safeguards system has changed
fundamentally since 1992. Whereas the focus was on declared
nuclear material at the facility level, the strengthened safeguards
system is now based on a state-level approach, under which the
IAEA evaluates the results of its verification activities and all other
available information about the state’s nuclear and nuclear-related
activities in order to draw safeguards conclusions and to plan safe-
guards activities. Safeguards activities seek not only to assure the
accuracy of state reports on declared nuclear material, but also to
ascertain whether a state with a CSA in force has declared to the
IAEA all that it is required to declare. In order to implement
information-driven safeguards based on state evaluations, the
IAEA has developed a robust capability to collect, process,
analyze, evaluate, and archive information, supported by the
needed training and technological infrastructure.

To ensure the measures of the AP are not simply superimposed
as a new layer of activity on top of the traditional safeguards
measures that have been applied to declared nuclear material and
facilities, the IAEA has developed and begun to introduce opti-
mized, or integrated safeguards approaches for specific states. In
states with CSAs and APs for which the IAEA Secretariat has
found no indication of the diversion of nuclear material placed
under safeguards and no indication of undeclared nuclear mate-
rial or activities, the broader conclusion can be drawn that all
nuclear material within the territories of those states, under their
jurisdiction or under their control anywhere had been placed
under safeguards and remained in peaceful nuclear activities or
was otherwise adequately accounted for. Once such a broad con-
clusion is drawn, it is possible to modify the state-level safeguards
approach based on the increased safeguards assurances thereby
reducing, in some cases, in-field verification activities on declared
nuclear materials.

The IAEA has developed a conceptual framework1 for inte-
grated safeguards and has begun to implement integrated safe-
guards in some states. Currently, state-level integrated safeguards

The Additional Protocol and the Road to 
Integrated Safeguards

Pierre Goldschmidt
Deputy Director General for Safeguards 
International Atomic Energy Agency,Vienna,Austria 



approaches are under development for several more states and are
expected to be implemented in the near term, including in states
with large nuclear programs, where more significant savings are
expected to be realized.

Although many new measures have been implemented to
strengthen the IAEA’s capabilities and credibility, the IAEA
continues to strive for further improvements both to the effec-
tiveness of safeguards measures and their cost efficiency. 

Over the last several years, the commercial knowledge and
technologies necessary to conduct a covert nuclear weapons
program have become more accessible, and the means to imple-
ment procurement, deception, and concealment strategies have
become increasingly sophisticated. This is evidenced by the
uncovering of clandestine nuclear programs in Iran and Libya,
and the recently revealed information on the extensive covert
networks of supply of sensitive nuclear technology. It is therefore
necessary that the IAEA continue to develop and implement
increasingly sophisticated means of detecting undeclared nuclear
material and activities.

It is clear that universalization of the AP would greatly con-
tribute to international nuclear nonproliferation assurances.
Despite the safeguards strengthening measures introduced under
the legal authority of CSAs, unless a state has an AP in force, the
IAEA does not have a sufficient basis on which to draw conclu-
sion on the absence of undeclared nuclear material and activities
for the state as a whole. The number of states that have an AP in
force is far below what was expected in 1997. As of May 1, 2004,
APs were in force or otherwise applied in fifty-seven states.2

Even for states with CSAs and APs in force, there are limita-
tions on the types of information and locations accessible to IAEA
inspectors. Although there are mechanisms for obtaining the
information needed to ascertain the completeness of state-supplied
information, either from the state or from other sources, the
process of completing the consistency analysis needed for drawing
credible conclusions may require an extended period of time.
Based on the IAEA’s experience, there is no doubt that the close
cooperation of the state in overcoming limitations that impact on
the IAEA’s ability to draw safeguards conclusions saves time and
resources and bolsters confidence in the results. These measures
include, but are not limited to, the timely provision of accurate
reports, declarations, and other information required under their
safeguards agreements; provision of one-year multiple entry/exit
visas for designated inspectors; and granting unfettered access to
facilities and locations for verification purposes. Further trans-
parency commitments on the part of the state to provide infor-

mation and access rights would further increase the efficiency,
effectiveness and overall credibility of the NPT regime. Such
information could include for instance exports of dual use equip-
ment, export denials, and related information. Access rights
would allow IAEA inspectors to go anywhere, and interview any-
one, at any time. 

Implementation of the safeguards strengthening measures,
the most significant of which are APs, has dramatically altered the
way that safeguards are implemented and has increased the non-
proliferation assurances that can therefore be derived. Based on
the increased assurances, state level safeguards approaches can be
made more efficient through the introduction of integrated safe-
guards. It is important that a dynamic safeguards system, which
identifies and addresses safeguards implementation issues as they
arise, be maintained in order to respond to further nonprolifer-
ation challenges in the future. It is expected that the safeguards
system and the IAEA’s verification rights will have to be adapted
as necessary. 

The implementation of APs and the introduction of integrated
safeguards have provided valuable new capabilities and experience
in the IAEA’s ability to respond to safeguards challenges. It is there-
fore fitting that, seven years after its approval by the IAEA Board
of Governors, this issue of the Journal of Nuclear Materials
Management takes stock of the experience and expectations in
implementing APs and introducing integrated safeguards.

Notes

1. The framework comprises the safeguards concepts,
approaches, guidelines, and criteria that govern the imple-
mentation of integrated safeguards, defined in paragraph 4 of
GOV/INF/200/26 as “the optimum combination of all safe-
guards measures available to the Agency under comprehen-
sive safeguards agreements and additional protocols which
achieves the maximum effectiveness and efficiency within
available resources in fulfilling the Agency’s right and obliga-
tion in paragraph 2 of INFCIRC/153 (Corrected).”

2. Including Ghana, which is implementing an AP on a provi-
sional basis, and Iran and Libya, which have agreed to imple-
ment the measures foreseen in the Model Additional
Protocol pending the entry into force of their APs. In addi-
tion, the measures foreseen in the Model Additional Protocol
are being implemented in Taiwan, China.

Journal of Nuclear Materials Management Summer 2004, Volume XXXII, No. 4 5



Abstract
In the seven years since the International Atomic Energy Agency
Board of Governors approved the Model Protocol Additional to
Safeguards Agreements, great progress has been made in estab-
lishing the necessary infrastructure, implementing the additional
strengthening measures, and drawing broader safeguards conclu-
sions regarding both the non-diversion of nuclear material and
the absence of undeclared nuclear material and activities for states
as a prerequisite to the implementation of integrated safeguards.
As of the end of March 2004, forty states had Additional
Protocols in force (or being provisionally applied), broader safe-
guards conclusions had been drawn for thirteen of these states,
and integrated safeguards were being implemented in three. This
paper outlines the basis for drawing the broader safeguards con-
clusions, details progress in implementing Additional Protocols,
and describes the status of development and implementation of
integrated safeguards.

Drawing Safeguards Conclusions
For a state with a comprehensive safeguards agreement (CSA) in
force, the International Atomic Energy Agency (IAEA) has the
right and obligation to ensure that safeguards are applied in
accordance with the terms of the agreement on all source or
special fissionable material in all peaceful nuclear activities within
the state, under its jurisdiction, or carried out under its control
anywhere (paragraph 2 of INFCIRC/153 [Corrected]). This
requirement means that the agency should, in principle, verify
that a state’s declarations are both correct (i.e., that the type and
quantities of nuclear material are declared accurately) and com-
plete (i.e., that all nuclear material in the state has been declared).
The safeguards strengthening measures implemented under the
legal authority of a CSA have increased the IAEA’s ability to
detect undeclared nuclear material and activities. However, under
a CSA alone, the activities that the agency may conduct in this
regard are limited. Thus the safeguards conclusion that can be
drawn for a state with a CSA alone relates mainly to the nuclear
material that has been placed under safeguards. For a state with a
CSA and an Additional Protocol (AP) in force (concluded on the
basis of the Model Additional Protocol, INFCIRC/540
[Corrected]), the measures provided under an AP have increased
the agency’s ability to detect undeclared nuclear material and

activities such that the IAEA is able to draw the broader safe-
guards conclusion for the state that all nuclear material has been
placed under safeguards and remains in peaceful nuclear activities.

The State Evaluation Process
The shift of emphasis toward completeness has involved a signifi-
cant change in the way in which safeguards are implemented;
follow-up activities are planned and conducted; and safeguards
conclusions are drawn and documented. The framework for the
overall process, the safeguards state evaluation, seeks to integrate
and assess the totality of information available to the agency
about a state’s nuclear activities and plans, whether provided by
states themselves under safeguards agreements, APs, and voluntar-
ily; deriving from the implementation of in-field verification
activities; or obtained from open and other sources of safeguards-
relevant information. Information provided by a state is reviewed
for internal consistency, for coherency with results of safeguards
verification activities, and for compatibility with all other available
information. When there are questions or inconsistencies, more
information is sought from open or other sources, from the state
itself, or through verification activities in the field, including
complementary access under the provisions of a state’s AP.

Evaluations are performed for individual states by the
responsible state evaluation group within the IAEA Department
of Safeguards headed by a member of the relevant operations
division (generally the country officer) and with participation of
other divisional staff and experts from the support divisions. The
senior inspector, a new post established in each operations division,
coordinates the evaluation work of the division. Periodically the
state evaluation is documented in a state evaluation report (SER).
The SER summarizes the relevant information for the state,
documents the evaluation results, and provides recommendations
for future activities. 

SERs are reviewed by an interdepartmental team. The
Information Review Committee (IRC) was established in 1996 to
review state evaluations, relevant methodology, and guidelines,
and to make proposals for updating and improving the process.
In light of the increasing number of SERs being prepared and
their importance in drawing safeguards conclusions, the SER
process was restructured in 2002 to ensure that state evaluations
would continue to be conducted thoroughly and consistently and

Topical Papers
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that the results would receive adequate attention and review. A
two-tiered program was instituted to streamline the process and
more clearly reflect the role of state evaluation in drawing safe-
guards conclusions. At the higher level, the IRC, chaired by the
deputy director general–safeguards, continues to ensure high-level
management review of the most critical issues, endorse recom-
mendations for key follow-up activities, and review the overall
state evaluation conclusions leading to the safeguards conclusions.
In addition, the IRC reviews SERs for states for which the agency
would be drawing the broader safeguards conclusion for the first
time. An information review subcommittee reviews all the other
SERs and updates and forwards its recommendations to the
IRC.

Priority for initial state evaluations has been given to: (i)
states with APs in force or expected soon to enter into force, and
(ii) states with significant nuclear activities. Priority for updates
has been given to states where a conclusion of the absence of
undeclared nuclear material and activities is to be drawn for the
first time or reaffirmed. Since 1997, a total of 224 SERs have
been produced and reviewed covering ninety-five states, sixty-two
of which have significant nuclear activities. For 2003 alone, fifty-
nine SERs for fifty-nine states were completed and reviewed.
Thirty-four of these reports covered states with APs in force or
being provisionally applied.

Additional Protocol Implementation
Interaction with States
Since 2001, the IAEA has stepped up its efforts to encourage and
facilitate the conclusion of safeguards agreements and APs by
organizing numerous interregional, regional, and national semi-
nars. State-specific policy, legal, and technical issues are addressed
in bilateral consultations held between individual states and the
IAEA at the various seminars and in other venues. Topics discussed
with states without APs in force center on the work needed to
prepare for AP implementation such as: ensuring that the neces-
sary legal infrastructure and legislative framework are in place;
how best to equip state systems of accounting and control
(SSACs) with the capacity and expertise required to underpin and
to co-operate with the IAEA in AP implementation; and the
importance of full support in this endeavor by government
authorities and nuclear facility operators. Consultations with
states with APs in force, but which have not yet submitted the
initial declaration required of them by Articles 2 and 3, clarify the
requirements for timing, content, and formatting of declarations.
In addition, the IAEA conducts seminars and training courses for
SSACs on agency safeguards, strengthened safeguards, and in
particular, implementation of APs.

State Declarations under an Additional Protocol
The timely, complete, and accurate submission of information
requested from states about their nuclear programs and activities

under an AP is vital to the process of information evaluation and
thus to drawing the broader safeguards conclusions. Guidelines to
assist states in preparing their AP declarations were developed by
the IAEA and issued in 1997; a simplified guidance was subse-
quently produced for states whose safeguards agreements includes
a small quantities protocol. The 1997 reporting guidelines have
been recently revised based on experience gained in the imple-
mentation of APs. Attention has focused on further clarifying the
requirements under Articles 2.a.(i), on nuclear fuel cycle-related
R&D activities, 2.a.(iii), on site definitions, and 2.a.(v), on mines
and concentration plants. The revised guidelines will be issued in
2004.

To further assist states with preparation of their AP declara-
tions, the agency has developed a software program called the
“Protocol Reporter.” Based on the reporting guidelines, this tool
is available to all states upon request. The program can be tailored
to a customized structure by a state and can support a decentralized
process for the preparation of a submission. The program enables
the merging of information from various sources within the state
and the preparation of computerized declarations for submission.
By the end of 2003, more than forty-two states had requested and
received the software; however, to date, only eleven states are
actually using the Protocol Reporter for submissions. The pro-
cessing of declarations submitted only in hard copy imposes a
considerable workload on the agency. The need to validate infor-
mation after scanning and before loading it into the electronic
database system is particularly labor intensive.

In 2003, submissions pursuant to APs were received from
thirty-one states. Of the 250 submissions received, sixty-five were
more than thirty days late, with delays of up to 735 days. The
review of the declarations often requires further contact with state
authorities to obtain clarification of the information required.
Additional protocol submissions under Article 2.a.(iii) and 2.a.(v)
have generated the largest number of requests for supplementary
information under Article 2.c. Where necessary, the agency raises
questions or inconsistencies with state authorities pursuant to
Article 4.d. In the majority of these communications, states
provided timely and satisfactory responses to the agency’s
enquiries or requests for further information. However, in some
instances responses were incomplete, generated further questions,
were received late or are still awaited. On balance, the experience
has been good, but it has shown that states need to pay careful
attention to all of the information required under an AP and that
the agency needs to be as clear as possible in the guidance it makes
available to states for these purposes.

Implementation Trials
Field trials to test various elements of AP implementation in states
before their protocols come into force are providing good
experience for such states, facility operators, and the agency. An
extensive implementation trial at two large nuclear sites in Japan,
completed in 1999, provided practical experience in complementary



access on complex nuclear sites, including logistical aspects, man-
aged access and environmental sampling. Implementation trials at
research centers in Finland and in the Netherlands, designed specif-
ically to test the roles and reporting responsibilities of the states and
Euratom, were conducted during the period of 2000-2002.

Complementary Access
Complementary access performed under an AP is playing an
important role in the process of drawing and reaffirming conclu-
sions of the absence of undeclared nuclear material and activities.
Internal complementary access guidelines by location type and at
the state level were produced in 2001 to ensure that complementary
access is carried out in an efficient, technically effective, and non-
discriminatory manner. Standardized documentation packages,
software, and equipment sets have been produced for use by
inspectors. In most cases IAEA inspectors have not encountered
difficulties in conducting complementary access and have benefited
from good cooperation with state authorities and facility operators.

In 2003, complementary access was conducted ninety-two
times in twenty-one states (eighty-six times in seventeen states in
2002). In most instances (84 percent), it was carried out on nuclear
sites to ensure the absence of undeclared nuclear material and activ-
ities. A further 9 percent were conducted for the same purpose at
mines, concentration plants, and locations with source material or
with material exempted from safeguards. The remaining instances of
complementary access were conducted at several decommissioned
facilities and locations other than facilities to confirm, for safe-
guards purposes, the decommissioned status of the installations,
and at locations with nuclear fuel cycle-related R&D and at other
specified locations to resolve a question or inconsistency.

Supporting Infrastructure
Information Analysis
The IAEA has continued to expand the sources of safeguards
relevant information utilized in the evaluation process and
enhance its capabilities for data analysis. Computerized systems
have been successfully implemented to manage and archive the
large amounts of data being collected and evaluated. An AP infor-
mation system manages the integration of states’ declarations into
databases and provides a web-based interface to navigate through
declarations, link declaration entries and capture results of reviews
and analyses. The open source system, comprised of free text
storage and powerful search tools for accessing and filtering data,
is populated by information from numerous subscription data-
bases as well as real-time and near-real-time feeds from news services.
In 2003 the use of open source information about states’ nuclear
programs was further enhanced through the introduction of new
software with greatly expanded capabilities to search Internet sites
and through more use of scientific and commercial data. This
enables the IAEA to better assess the technological capability of
states to pursue nuclear programs, including those with prolifera-

tion-sensitive technologies. The use of satellite imagery as a com-
plementary open source of information continues to grow.1 In
2000 a commercial satellite imagery database was designed and in
2001 a satellite imagery analysis laboratory was established for the
interpretation of commercial satellite images and the production
of reports on analyzed imagery.

A key methodology for maintaining and evaluating all the
relevant information builds on the physical model of the nuclear
fuel cycle that was developed by the agency in collaboration with
experts from several member states. Originally developed in
1997-1998, the physical model has been expanded to include
spent fuel management, waste management, and hot cell opera-
tions. In 2003 the chapter on reprocessing was reissued; in 2004
the enrichment chapter will be revised. Guidelines have been pre-
pared for making use of the physical model and software based on
the model is in regular use for searching for and examining the large
amount of information available from open sources.

To assist the state evaluation process, a SER template was
developed in 1997 as a guide to content and format of the report.
During 2002 the template was substantially revised in the light of
experience to incorporate changes designed to achieve greater
clarity of content and presentation of reports, and to ensure that
the analytical process fully supports the recommendations made
and conclusions drawn.

Safeguards Training
The safeguards training curriculum continues to be enhanced and
refined to provide inspectors, safeguards support staff, and member
state personnel with the knowledge and skills needed for safe-
guards implementation under safeguards agreements and APs.
Training courses dealing with the collection and handling of envi-
ronmental samples; enhanced observational skills, the nuclear fuel
cycle, and proliferation indicators; the performance of state eval-
uations; the conduct of complementary access; and the application
of satellite imagery are now part of the Department of Safeguards
regular training program. Modules of the Department’s
Introductory Course on Agency Safeguards for new inspectors are
being added or modified to reflect the new implementation ini-
tiatives. Similar changes have been made in the training course for
SSAC personnel. 

Integrated Safeguards
The measures of the Model Additional Protocol were never
intended to be simply superimposed as a new layer of activities on
top of safeguards as implemented under CSAs. Given the addi-
tional assurances provided under an AP, the need to avoid undue
burden on states and facility operators, and the need for maxi-
mum efficiency in the light of the prevailing resource constraints,
the new measures were to be integrated with existing ones. Late in
1998, the agency embarked on a program for the development
and implementation of integrated safeguards. The term refers to

Journal of Nuclear Materials Management Summer 2004, Volume XXXII, No. 48



the optimum combination of all safeguards measures available to
the agency under CSAs and APs to achieve maximum effectiveness
and efficiency within available resources in meeting the agency’s
safeguards objectives. The process of defining the optimum com-
bination of measures has been developed on a non-discriminatory
basis for all states that have CSAs and APs in force and for which
a conclusion of both the non-diversion of safeguards nuclear
material and the absence of undeclared nuclear material and activ-
ities has been drawn. The development program was conducted
by the agency with assistance from a small group of outside
technical experts, advice from the Standing Advisory Group on
Safeguards Implementation and support from a number of member
state support programs.

In 2001, the development of a conceptual framework for
integrated safeguards was completed as a priority item.2 The
conceptual framework comprises the set of safeguards concepts,
approaches, guidelines, and criteria that govern the design,
implementation, and evaluation of integrated safeguards. This
framework helps to ensure consistent, non-discriminatory imple-
mentation of integrated safeguards in states with similar types of
facilities and fuel cycles. The basis for implementation of inte-
grated safeguards is a state-level approach, designed specifically
for each state by adapting model integrated safeguards approaches
for the specific facility types present in the state combined with
the implementation of measures of the AP, taking into account
the state’s nuclear fuel cycle, the interaction between facilities, and
other state-specific features.

To date, facility-type-specific integrated safeguards
approaches have been developed for light-water reactors (LWRs),
both with and without fresh mixed oxide fuel, research reactors,
on-load refueled reactors, spent-fuel storage facilities, and low-
enriched uranium (LEU) fuel fabrication plants. To facilitate the
implementation of integrated safeguards, the IAEA has developed
guidelines for the use of unannounced and short notice inspec-
tion, enhanced cooperation with SSACs, and dealing with anom-
alies, and questions and inconsistencies; procedures for random
selection of facilities for inspection; and a methodology for
estimating costs of integrated safeguards implementation. The
IAEA has also formulated provisional implementation criteria for
LWRs, research reactors, and spent fuel storage facilities based on
the relevant integrated safeguards approaches developed.

Substantial progress has been made in designing state-level
integrated safeguards approaches and preparing for implementa-
tion in states with APs in force. Australia was the first state in
which integrated safeguards were implemented in 2001. Trials to
test the short-notice inspection regime were conducted there in
2001. Trials were carried out in Norway of unannounced inspec-
tions performed as foreseen in the integrated safeguards approach,
and implementation of integrated safeguards began in 2002. In
preparation for implementing the integrated safeguards approach
now in place in Indonesia, surveillance systems were upgraded,
and procedures for short notice random inspections at a research

reactor facility were tested. State-specific integrated safeguards
approaches are under development for a number of states. For
states with large nuclear fuel cycles, model integrated safeguards
approaches that were developed for LWRs, research reactors, on-load
refueled reactors, storage facilities, and LEU fuel fabrication
plants are being incorporated into the state-level approaches.

Next Steps
The development of integrated safeguards is an evolutionary
process. As experience is gained with implementation,
approaches, guidelines, and criteria will be further developed or
refined. Development will continue on (i) integrated safeguards
approaches for additional facility types (e.g., enrichment plants,
storage, locations outside facilities) and for particular verification
activities (e.g., transfers of spent fuel to dry storage); (ii) completing
and updating supporting guidelines; and (iii) integrated safe-
guards implementation criteria and evaluation of results to
support reporting. The goal is to widen the scope of integrated
safeguards implementation as more APs enter into force and the
requisite safeguards conclusions can be drawn. The savings resulting
from implementation to date have been small because of the limited
fuel cycle activities in the states where integrated safeguards are
currently being implemented. Greater savings from reduced veri-
fication activities in the field are expected once integrated safe-
guards can be implemented in states with larger fuel cycles. 

Conclusion
In the seven years since the IAEA Board of Governors approved
the Model Additional Protocol, great progress has been made in
establishing the necessary infrastructure, implementing the addi-
tional strengthening measures, and drawing broader safeguards
conclusions for states as a prerequisite to the implementation of
integrated safeguards. Key to drawing and maintaining conclu-
sions of the non-diversion of declared nuclear material and of the
absence of undeclared nuclear material and activities for a state as
a whole is the evaluation of all information available regarding a
state’s nuclear program. The state evaluation process has been
strengthened considerably with the formation of state evaluation
groups, revision of the template and guidance used for docu-
menting such evaluations, and restructuring of the internal
process for reviewing state evaluation reports. Improving the
internal infrastructure has also involved the use of new information
technology tools for collecting, processing, and storing data;
establishment of a satellite imagery laboratory and database; and
development of new inspector training courses. Support to states
has included revised AP reporting guidelines, a software program
to assist states in preparing and submitting their declarations, and
select field trials to test elements of the AP such as complemen-
tary access.

Implementation of integrated safeguards is being guided by
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the conceptual framework that was completed in 2001. Elements
of the framework continue to be developed in light of experience,
further evaluation, and technological developments. In addition
to the three states where integrated safeguards are being imple-
mented, state-level approaches are being developed for more than
ten others where the broader conclusion has been or is expected
soon to be drawn. As with preparing states for AP implementa-
tion, trials of various aspects of the state-level approaches (e.g.,
unannounced inspections) are proving to be extremely useful in
preparing states, facility operators, and the IAEA for integrated
safeguards.

However, the rate at which APs are entering into force in
states is falling short of expectations and is constraining the
agency’s ability to implement safeguards with maximum effec-
tiveness and efficiency. As of the end of March 2004—almost
seven years after the Board of Governors approved the Model
Additional Protocol—only eighty-two states had signed APs and

only forty—less than half—had brought them into force or were
applying them provisionally. This number is even more signifi-
cant when contrasted with the number of states party to the NPT
(189) and, of those, the number of states with safeguards agree-
ments in force (146). Extensive efforts have been and are being
made to encourage wider adherence to CSAs and APs. The full
potential of the strengthened safeguards system can be realized
only through universal adherence to the strengthening measures,
including those of the Model Additional Protocol.
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Abstract
Japan, the only nation in the world that has suffered an atomic
bombing, has been firmly committed to nuclear disarmament
and nonproliferation, attaching great importance to nonprolifer-
ation efforts in order to contribute to the enhancement of global
and regional peace and stability. Ratifying the Nuclear
Nonproliferation Treaty (NPT) in 1976, it placed itself under
obligation, as a non-nuclear weapons state, not to produce or
acquire nuclear weapons. Further, Japan has been upholding the
NPT regime and exerting its efforts in materializing efficient and
effective International Atomic Energy Agency (IAEA) safeguards. 

Since the discovery of a clandestine nuclear weapons program
in Iraq in 1991, Japan has been actively involved in the program
for strengthening and streamlining IAEA safeguards both within
the framework of INFCIRC/153 and through measures under
the Additional Protocol (AP). Being one of the first countries
with an extensive peaceful nuclear fuel-cycle program, Japan rati-
fied its AP on December 16, 1999. For the sake of early realiza-
tion of integrated safeguards (IS), the Japanese government is
working closely with the IAEA and is making active contributions
toward the establishment of IS and its implementation in Japan.

This paper describes Japan’s experience in bringing the AP in
force, including various legal and institutional arrangements for
the preparation of its ratification, and actual experience in its
implementation, e.g., the provision of expanded declarations and
facilitating complementary access. Some issues and lessons
learned in the course of AP implementation will also be provided.
It further describes Japan’s efforts towards the establishment of IS
and some of its expectations of it.

Introduction: Japan’s Commitment 
to Nonproliferation
Japan, as the only nation in the world to suffer atomic bombing,
has been firmly committed to nuclear disarmament and nonpro-
liferation, being inspired by the strong national sentiment calling
for the total elimination of nuclear weapons. Ratifying the NPT

in 1976, Japan placed itself under obligation, as a non-nuclear
weapons state, not to produce or acquire nuclear weapons.
Furthermore, Japan’s domestic law, the Atomic Energy Basic Law,
requires that Japan’s nuclear activities be conducted only for
peaceful purposes. These points clearly testify that Japan has no
intent to possess nuclear weapons. 

Japan has been upholding the NPT regime and considers the
strengthening of international and regional/national safeguards to
be a vital element for improving the global nonproliferation
regime. Accordingly, Japan has been actively involved in various
programs and has also taken necessary measures for achieving and
facilitating the efficient and effective IAEA safeguards under NPT.
For example:
• Japan has been actively participating in international/multi-

lateral safeguards projects as TASTEX, HSP, and LASCAR
to develop/demonstrate effective and efficient safeguards
technologies for the Tokai Reprocessing Plant or to develop
effective and efficient safeguards approaches for a centrifuge
enrichment facility and a large-scale commercial reprocessing
facility.

• The Japanese government has been successful in gaining the
cooperation of facility operators to use their facilities as test
beds for advanced safeguards equipment and methodologies,
and to provide some of their equipment and instrumentation
for safeguards use with necessary authentication requirements.

• With the cooperation of the Japanese government, the IAEA
has set up and is operating the Tokyo Regional Office for the
efficient and effective implementation of IAEA safeguards in
the Far East.

• In order to improve inspection goal attainment in Japanese
facilities, the Nuclear Material Control Center (NMCC) has
been organizing SIR Seminars for facility operators, with the
cooperation of the Ministry of Education, Culture, Sport,
Science, and Technology (MEXT) and the IAEA, to better
understand the causes of non-attainment of inspection goals
at their facilities, if any, and to take remedial measures to pre-
vent recurrence as appropriate. 
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Integrated Safeguards: Japan’s Experience
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Tokyo, Japan
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Among the countries with fully developed fuel cycles, Japan
was the first to ratify the AP, putting it into effect on December
16, 1999. For the sake of smooth AP implementation, Japan initi-
ated a range of actions to help the IAEA obtain practical experience
in conducting new measures provided in the AP.

Ratification and Implementation of the
Additional Protocol
Actions Taken for Early Entry-into-Force and 
Smooth Implementation of the AP
Japan was in the forefront in ratifying the AP among the countries
with fully developed fuel cycles and Japan began several initiatives
for its early entry-into-force and smooth implementation.1 These
include:
• The relevant law and regulations have been revised to accom-

modate the requirements of the AP, inter alia to collect and
provide the necessary information to the IAEA on Annex I
activities that is required under Article 2.a. (iv) of the AP as
well as to facilitate complementary access by the IAEA to rel-
evant places or locations as proscribed in Article 5 of the AP.

• In anticipation of further closer cooperation between Japan’s
SSAC (State System of Accounting for and Control of Nuclear
Material) and the IAEA, Japan strengthened its SSAC by des-
ignating the NMCC as the official entity to perform national
safeguards inspections on behalf of the Japanese government. 

• Before its entry-into-force, a series of AP implementation
trials was carried out at two large research centers to cover the
measures contained in the Model AP, including complemen-
tary access (CA) and managed access (MA) in order to provide
relevant implementation experience for the IAEA, facility
operators, state authorities, and eventually other states.2

• Immediately after its entry-into-force, the government of
Japan organized a detailed briefing to nuclear facility opera-
tors and other related organizations, such as manufacturers
of nuclear equipment/components, about the additional
declaration to be made to the IAEA. These briefings were
essential for the initial expanded declaration to be submitted
to the IAEA within the time set out in the AP. The initial dec-
laration was made in June 2000, providing the IAEA with a
vast amount of information including those related to 4,885
buildings on 151 sites. Subsequent updates are done in May
each year, reflecting the prevailing situation as of the end of
the preceding year. The situation updated in 2003 covers
5,349 buildings on 167 sites, about sixty research and devel-
opment activities related to the nuclear fuel cycle but not
involving nuclear material and about thirty-nine activities
specified in Annex I of AP.

AP Implementation Experience
Japan’s initial declaration and subsequent updates are being eval-
uated by the IAEA with additional questions raised to Japan for

clarification. By the end of 2003, the IAEA had conducted 106
CAs over three years. In the course of AP implementation, Japan
had the following experience that may be interesting to other
countries in the process of ratifying and implementing APs.
• In preparing the initial and subsequent declarations, Japan’s

MEXT Safeguards Office (JSGO) encountered some diffi-
culties due to lack of clear definition, in the AP and the
IAEA’s guideline, of a site and “installations which provide
essential services.” For example, in the case of a large university
complex with a small LOF (location other than facilities),
designating its whole campus as a site is not practical. The
boundary should correspond to the periphery of the area
clearly defined by the domestic regulation so that the operators’
submissions of the required information become mandatory.
In principle, JSGO utilizes existing regulated areas, namely
“radiation-controlled area” and “radiation-monitoring
peripheral area” as the definition of a site. There have been
several occasions when the IAEA requested information
about buildings adjacent to sites in view of “installations
which provide essential services.” JSGO prepared the neces-
sary information and sometimes arranged inspector visits to
these buildings. Consultations between the IAEA and JSGO,
and Japan’s policy of openness, have contributed to the solu-
tion of issues arising from ambiguities in site definition.

• Consideration should be given to the difference between
declared information of buildings and actual features at the
time of CA. Sometimes the actual feature is more advanced
than the declared information because a new development
occurred. This results in a matter for discussion in the field. 

• Another area of difficulty is collecting and declaring infor-
mation on nuclear fuel cycle-related research and develop-
ment. The definition of basic research that is exempted from
declaration is always controversial. Sometimes researchers
stress and advertise the possible application of their research
in order to attract the attention of funding agencies, leading
to misunderstanding by third parties, including the IAEA. 

• A large portion of CAs has been conducted in research
institutes recently. In 2001, twelve out of forty CAs were
conducted in LWRs, whereas none were conducted at LWRs
in 2003. There were thirty-three CAs last year, where thirteen
CAs were conducted in JNC and JAERI, and six CAs in uni-
versities. Most of CAs have been conducted in order to assure
the absence of undeclared nuclear material and activities. By
the end of 2003, seven CAs were conducted as a “managed
access” without any difficulties. 

• During CAs in 2003, twenty-one environmental sample kits
(four samples/kit) were used. In addition, fourteen sample
kits were used in 2003 during LFUA (Limited Frequency
Unannounced Access) to enrichment facilities and DIVs.
The total number of spent sample kits increased from
twenty-seven in 2002 to thirty-five in 2003. The results of
environmental samples demonstrate the power of this tool.
Traces of small amounts of nuclear material were evident in the
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results due to, e.g., contamination from historical archives.
It is the strong wish of the Japanese government that, in

order to shift to the IS regime in Japan, the IAEA will complete at
an early date the state evaluation of Japan and draw the initial
conclusions of the non-diversion of declared nuclear material and of
the absence of undeclared nuclear material and activities in Japan. 

The Road to Integrated Safeguards
For a state under a comprehensive safeguards agreement (CSA)
with an AP in force, the possibility that undeclared nuclear activ-
ities exist undetected is significantly reduced. AP measures can
draw safeguards conclusions regarding the absence of undeclared
material and activities in the state as a whole. Assurance of the
absence of undeclared nuclear activities leads to the potential for
changes in implementation parameters and reductions in verifica-
tion effort for declared nuclear material. The new measures are
integrated with existing measures, establishing IS. 

Several model IS approaches for facility types have been
developed and updated. For specific types of facilities in a state,
IS approaches are established by adapting model IS approaches to
optimize effectiveness and efficiency. State-level safeguards activi-
ties and safeguards measures at facilities are defined in an IS
approach for each state whose earlier draft has been formulated
but still needs further refinement.

Model IS approaches for facility types contain various
aspects, but some features are common,3 for example, the exten-
sion of timeliness goals from three months to one year for irradi-
ated fuel and from one to three months for fresh MOX fuel
assemblies; utilization of random interim inspections (RIIs) to
detect and deter undeclared activities and provide the capability
for early detection of diversion (performed unannounced where
possible and cost effective); and the reduction in verification
requirements for less proliferation-sensitive material.

The actual savings from the introduction of IS is not yet
clear. It is estimated that some 600 person-days of inspection
(PDIs) would be saved in total for LWRs, OLRs, and depleted,
natural and low-enriched uranium (DNLEU) conversion and
fuel fabrication facilities in Japan, Canada, and EU states, where
some 2,000 PDIs are currently required. IS is currently imple-
mented only in three countries—Australia, Norway, and
Indonesia.

Model Integrated Safeguards Approaches
The IAEA has so far developed model IS approaches for LWRs
with and without MOX, spent-fuel storage facilities, DNLEU
conversion and fuel fabrication facilities, and RRCAs (research
reactors and critical assemblies). They are outlined below for each
facility type.

LLWWRRss  wwiitthhoouutt  MMOOXX
The model IS approach involves an annual physical inventory
verification (PIV), a small number of RIIs and random selection
of facilities for inspection. RIIs will be performed unannounced,
i.e., with two-hour prior notice, where they can be carried out
effectively and efficiently (ISP-1), and permanently installed sur-
veillance cameras are eliminated. Where unannounced inspec-
tions cannot be used, alternatives (ISP-2 and ISP-3) are provided
involving announced interim inspections supported by surveil-
lance. ISP-2 involves surveillance cameras triggered remotely by
the IAEA at the time of inspection announcement, while they are
continually running in overwrite mode in the case of ISP-3. To
maintain the continuity of knowledge of the nuclear fuel in the
core of LWRs, surveillance is to be used during refueling and the
reactor vessel is to be sealed between refuelings.

RRRRCCAAss
The model IS approach accommodates the wide variety of
RRCAs under safeguards. They are categorized into four groups
depending on their inventory: Group I with more than one sig-
nificant quantity (SQ) of unirradiated direct use (UDU) material,
Group II with total inventory of more than one SQ, Group III
between 0.5 and one SQ, and Group IV less than 0.5 SQ. A PIV
is to be performed annually except for Group III and IV where
PIV is done for randomly selected facilities. The approach also
includes a small number of unannounced inspections with a low
sampling rate. At high-power research reactors capable of pro-
ducing, through unreported irradiation, one SQ or more of plu-
tonium per year (e.g., greater than 25 MWth), one additional
unannounced inspection per year at each such reactor is to be per-
formed. For Group I facilities, two different means of meeting the
one-month timeliness goal for UDU material are provided—
scheduled monthly inspections or the use of C/S measures with
remote data transmission for the fresh fuel in combination with
three-to-four unannounced inspections per year.

SSppeenntt  FFuueell  SSttoorraaggee
The model IS approach provides for an annual PIV and a small
number of RIIs. Because most of the nuclear material inventory
at such facilities is in static conditions under the IAEA seal, the
RIIs do not need to be unannounced. The use of unattended
monitors for verification of spent fuel receipts provides additional
savings of IAEA inspection effort in the field.

DDNNLLEEUU  CCoonnvveerrssiioonn  aanndd  FFuueell  FFaabbrriiccaattiioonn
The model IS approach includes an annual PIV with reduced
activities and the use of a small number (one-to-three per year,
depending on facility-specific conditions) of short-notice random
inspections (SNRIs), i.e., random inspections with an advance
notice of less than the one week specified for these facility types
in INFCIRC/153 (Corrected). These inspections are to be cou-
pled with a mailbox system for the provision of information on the
facility’s planned operational program and updated accountancy



data. The use of SNRIs allows effective verification of the receipts
and shipments of nuclear material at the facility as well as cover-
age of potential borrowing of nuclear material amongst nuclear
facilities to conceal diversion. The effectiveness of safeguards at
these facility types is therefore increased as compared with current
approaches without SNRIs.

Application of Model IS Approaches to Japanese Facilities
Consultations between the IAEA and Japan have been made since
July 2001 in order to make the model facility-type IS approaches
tailored to Japanese facilities, taking into consideration the spe-
cific features and characteristics of Japan and its individual facilities.

LLWWRRss  wwiitthhoouutt  MMOOXX
Japan established a joint working group (WG) with the IAEA in
November 2001 to review the proposed model IS approach. In
January 2002, Japan expressed its preference for ISP-1. However,
the WG concluded that Japan’s requirement that its national
inspectors accompany IAEA inspectors makes it practically
impossible to begin inspection activities at remote LWRs within
two hours notice from the IAEA. 

Then the WG examined ISP-3, where the notification
period became a difficult issue. With the recording capacity of
surveillance cameras in over-write mode, a seven-day notification
period is feasible. The IAEA insisted on the shortest period, 24
hours, claming that Japan should show openness, while utility
companies preferred a longer notification period to facilitate the
preparation for RIIs, such as arranging qualified crane operators.
After lengthy consultations identifying possible difficulties that
the short notice might cause and with the IAEA’s acknowledge-
ment of them, JSGO finally agreed to RIIs with a 24-hour
advance notice. The decision was made to create a good precedent
for the IAEA, based on the commitment of the Japanese govern-
ment to strengthen the nonproliferation regime. 

RIIs will be conducted for selected facilities with a low sam-
pling rate over the total population of fifty-two LWRs in Japan.
PIVs will be done annually. It is calculated by a simple model that
the average number of IAEA inspections per LWR would be
reduced by 40 percent.

In the earlier phase of the IS review, the utility companies
were reluctant to introduce IS. They tend to prefer the status quo
even though inspector access and thus the interference to the
facility operation is much reduced by the introduction of RIIs.
They prefer predictability, or periodical announced inspections,
to unpredictability, or short-notice random inspections. This is
because, in the latter case, they have to make required personnel
and resources readily available in order to facilitate smooth imple-
mentation of RIIs. After consultations, the preparatory arrange-
ments required for short-notice RIIs have been agreed to at a
minimum level that would not be a heavy burden to operators.
The IS approach was finally agreed to in March 2004.

RRRRCCAAss  
The model IS was proposed to Japan in June 2002 and general
agreement was made in October 2002. RIIs with a very short noti-
fication are feasible because of the relative locations of RRCAs in
Japan. For example, for Group II RRCAs, RIIs with low sampling
rate will be conducted without the support of surveillance, in addi-
tion to annual PIVs. The IS approach was agreed in March 2004.

SSppeenntt  FFuueell  SSttoorraaggee  FFaacciilliittiieess  ((SSFFSSFFss))
In January 2003, the IAEA made an initial IS proposal for a
Japanese SFSF. After consultations, general agreement was
reached on the proposal in May 2003, with final agreement in
March 2004.

LLEEUU  FFuueell  FFaabbrriiccaattiioonn  PPllaannttss
The IAEA made a specific IS proposal to Japan in May 2003.
After consultations, a revised draft was provided to JSGO for
review. SNRIs are already in practice in Japanese LEU fabrication
facilities under the INFCIRC/153 regime an average of five times
per year per facility. Under IS, this number is expected to be
reduced as well as the detection probability. 

OOtthheerr  FFaacciilliittiieess
There are not many other facilities where IS could be devised
because what are left mainly involve nuclear material of high
strategic value such as Pu, HEU, or MOX. However, the consid-
eration of measures resulting in improved efficiency for these
materials should not be precluded. As for MOX fabrication, the
timeliness goal could be revisited and SAGSI has been given the
task of conducting this review. As for centrifuge-type uranium
enrichment plants, an IS approach may be considered for non-
cascade areas. 

IS Rehearsals
With the objectives similar to AP implementation trials, Japan
has provided the IAEA with the opportunity and financial
support to conduct a series of IS rehearsals, focusing on the
implementation of RIIs. Inspectors from Operations A and other
ops divisions, as well as the staff of support divisions, participated
in them. They have proved to be very beneficial to all the parties
involved, i.e., the facility operators, the IAEA, and the Japanese
SSAC, by providing practical experience and better understanding
of what will be done under IS.

In February 2003, Japan accepted the IAEA’s proposal of
three-phased IS rehearsals for LWRs without MOX. The first
phase involved two pre-designated LWRs, i.e., one remote PWR
in Hokkaido (Tomari #2) and one BWR close to Tokyo (Tokai-II),
with pre-set dates for RIIs. The first phase was completed by
March 2003, where the implementation manual for short-notice
RIIs was checked in the field to see if it could be put into practice.

The second phase was conducted from mid-May to early
June, involving the same LWRs, but only with a twenty-four-hour
advance notice of RIIs. By the time when the second phase was
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completed, two short-notice RIIs had been performed for each of
these two LWRs. Reflecting the results of actual implementation
experience, the manual was modified accordingly. 

The last phase represents the actual implementation, i.e. RIIs
for any LWRs without MOX except for Tomari #2 and Tokai-II,
with twenty-four-hour advance notice. It was completed in
December 2003, having conducted such RIIs at one BWR
(Hamaoka #2) and two PWRs (Mihama #3 and Sendai #1). The
inspections were performed in accordance with the implementa-
tion manual for rehearsals.

These rehearsals went very well with good cooperation from
facility operators and without any serious problems. The IS
approach for LWRs without MOX and the implementation man-
ual of RIIs are finalized in April 2004, reflecting the additional
experience gained through these rehearsals.

Similarly, Japan also accepted the IAEA’s proposal to conduct
IS rehearsals at RRCAs and spent fuel storage facilities, which has
been implemented successfully.

Summary
Generally, the ratification and implementation of AP and the
establishment of an IS regime in Japan has gone relatively
smoothly because of the Japanese government’s strong commit-
ment to nonproliferation, especially to the realization of effective
and efficient IAEA safeguards. This has been facilitated by Japan’s
various initiatives including a series of AP implementation trials
and IS rehearsals, active consultations with the IAEA to resolve
outstanding issues, and frequent dialogues with facility operators
to gain their understanding and cooperation. 

We are now working with the IAEA to shift to the IS regime
as soon as possible once the IAEA comes to the initial conclusions
of the non-diversion of declared nuclear material and of the
absence of undeclared nuclear material and activities in Japan. If
everything goes well, we expect IS implementation to start for
LWRs without MOX, RRCAs, and SFSF in the near future.

For further development/implementation of IS and further
streamlining and strengthening IAEA safeguards, there remain
some issues to be addressed, such as universal adherence to APs,
enhanced cooperation between IAEA and SSAC, and the need for
devising new paradigms to allocate limited IAEA inspection
resources in the area where a proliferation risk is high.4 We have
to work closely together toward this end.
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Abstract
Canada signed the Additional Protocol in September 1998 and
brought it into force in September 2000. With the signing and
ratification of the Additional Protocol, Canada embarked on a
new safeguards path—a path that ultimately will lead to inte-
grated safeguards once the International Atomic Energy Agency
(IAEA) is able to provide credible assurance on the non-diversion
of declared nuclear material and on the absence of undeclared
nuclear material and activities. The path we are on included
preparations prior to signing the Additional Protocol, prepara-
tions for and the conclusion of the initial declaration, implemen-
tation of the Additional Protocol, updating declarations, and
providing clarifications. These are all part of the steps necessary
for the IAEA to reach a conclusion that all nuclear material has
been placed under safeguards and remains in peaceful nuclear
activities or is otherwise accounted for. Canada has also been
preparing for the implementation of integrated safeguards in
Canada by participating in the conceptualization of IS, providing
technical expertise to aid in determining efficient and effective
implementation and performing trials of safeguards concepts.
This paper will briefly outline the Canadian experience to date,
touch upon the lessons learned and provide perspectives on the
future of safeguards in Canada. The ultimate goal of these new
developments is to ensure that IAEA safeguards remain credible,
effective, and efficient, resulting in a system that is focused and
adaptable.

Introduction
Canada has a long history of cooperating with the International
Atomic Energy Agency (IAEA) on safeguards matters, whether in
facilitating the implementation of existing safeguards measures or
as a participant in the development of safeguards strengthening
measures and equipment. Canada continues to emphasize the
need to ensure that safeguards are as effective and as efficient as
possible. To this end, it is imperative that the IAEA maximizes the
promise of the Additional Protocol (AP)—an opportunity to sig-
nificantly change safeguards implementation from a quantitative
criteria-driven approach to a more qualitative approach reflecting
the benefits of increased information on a state’s activities,
increased access to a state, and increased commitment by the
state. However, any significant changes in safeguards implemen-

tation can only occur once the IAEA has concluded that the
declared nuclear material in the state has not been diverted and
has provided credible assurance on the absence of undeclared
nuclear material and activities in the state as a whole. On this
basis, the agency can move to a state-level integrated safeguards
approach that should maximize efficiency without undermining
effectiveness.

Canada attaches great importance to achieving this broader
conclusion by the IAEA and in moving to integrated safeguards. In
pursuit of this objective, Canada has followed a two-track approach:
(i) ensuring that we are in a position to meet the additional require-
ments arising from the AP; and (ii) participating in efforts to con-
ceptualize and develop state-level integrated safeguards approaches,
with particular emphasis on the Canadian context. 

The Starting Point
The Canadian Fuel Cycle
The seeds of Canada’s nuclear program were sown during World
War II when Canada participated in the Allied war effort. Since
that time, Canada has pursued the peaceful uses of nuclear energy
through the development of an extensive nuclear industry that
serves both domestic and export markets. Canada’s nuclear power
program is based upon natural uranium fueled, heavy-water mod-
erated reactors, commonly referred to as CANDU reactors
(Canadian Deuterium Uranium). The nuclear fuel cycle includes:
uranium mining and milling; refining and conversion; fuel fabri-
cation; nuclear power reactors; research reactors; spent fuel stor-
age; and research and development activities (see Table 1).

In addition to the facilities noted above, there are a number
of research reactors and subcritical assemblies located across the
country, three shutdown reactors, and several spent fuel dry-stor-
age facilities. This extensive array of nuclear and nuclear-related
activities was established over a period of approximately sixty years. 

Our Commitments
Canada has a strong and consistent commitment to nuclear non-
proliferation and to IAEA safeguards. One of the first manifesta-
tions of Canada’s commitment to the peaceful uses of nuclear
energy appeared in the 1945 Declaration on Atomic Energy in
which the United States, United Kingdom, and Canada declared
a willingness to share nuclear technology for practical industrial
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applications under effective, enforceable safeguards. This interna-
tional expression was paralleled in Canada by the promulgation in
1946 of the Atomic Energy Control Act (AECA), which enabled
Canada to pursue nuclear nonproliferation policy objectives, both
nationally and internationally, for almost fifty years, and to give
effect to resultant commitments. These efforts are continued and
reinforced in the new Nuclear Safety and Control Act that
replaced the AECA in 2000.

Successive Canadian governments actively pursued measures,
both nationally and internationally, to demonstrate Canada’s con-
tinued commitment to nuclear nonproliferation. These included
early support for the IAEA and its safeguards system; the estab-
lishment of bilateral nuclear cooperation agreements as a frame-
work for peaceful nuclear commerce; adherence to the NPT and
completion of the Canada/IAEA safeguards agreement pursuant
to that treaty; participation in international efforts to develop
guidelines to be used by major nuclear suppliers when exporting
nuclear material, equipment, or technology; active participation
in efforts to strengthen IAEA safeguards (Program 93+2 and
Committee 24) and adherence to the AP.

Thus, for Canada, the journey along the road to integrated
safeguards is greatly influenced by the presence of an extensive,

well-developed nuclear industry and by a strong and consistent
commitment to nuclear nonproliferation. These two factors have
played a large role in our preparations for the implementation of
the AP, in implementing strengthened safeguards in Canada since
September 2000 and in conceptualizing a state-level integrated
safeguards approach.

Before the entry into force of the AP, Canada developed and
enacted the regulations necessary to implement the new measures
identified in the AP. In preparation for implementation of the AP,
the CNSC established its own procedures to handle complemen-
tary access, questions, and inconsistencies, and annual updates to
the declaration. The CNSC worked closely with the Canadian
sites to draft the initial declaration and to assist the sites establish
procedures for complementary access, for dealing with questions
and inconsistencies and for preparing annual updates. Before the
initial declaration was submitted to the IAEA Canadian prepared
a draft that was discussed with the IAEA. Those discussions
helped the CNSC formulate policy on such matters as site
boundaries and the reporting of changes to declarations. In
March 2001, Canada submitted its initial declaration. In prepa-
ration for integrated safeguards in Canada in September 2003
Canada and the IAEA began consultations on a state-level inte-
grated safeguards approach and has begun testing elements of an
integrated safeguards approach. Canada has undertaken a safe-
guards support program task to develop and test an integrated
safeguards (IS) approach for transfers of used fuel to dry storage at
CANDU multi-unit generating stations in Canada. A two-month
field trial of the major elements of the IS approach for transfers
which includes such elements as a safeguards mailbox, random
unannounced inspections, and the operator taking gamma signa-
tures (fingerprints) of loaded spent-fuel dry storage containers
started in April 1, 2004, at the Pickering Nuclear Generating
Station and will end May 31, 2004. The approach if implemented
could substantially reduce the IAEA’s effort expended on transfers
to dry storage in Canada without weakening safeguards on this
material. We believe that the concepts and principles of the pro-
posed integrated approach for transfers are readily transferable to
other situations such as transfers to dry storage at CANDU 600
reactors in Canada.

Preparing for and Implementing the AP
The Legal Basis
In June 1998, the IAEA Board of Governors approved Canada’s
AP with the IAEA. This document was formally signed by
Canada in September of the same year. Canada did so under the
option of Article 17 of the AP that allowed for Canada to com-
plete the necessary constitutional and statutory requirements
before bringing the AP into force. To this end, aspects critical to
enabling full implementation were contained in the Nuclear
Safety and Control Act (NSCA) and its associated regulations,
which were brought into force in May 2000. Subsequently,
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Type of Facility Number of Facilities Location

Mines and Mills Numerous Saskatchewan

Uranium Refineries 1
Ontario — 
Blind River
(U3O8 to UO3)

Conversion Plants 1

Ontario — 
Port Hope
(UO3 to UF6 
and UO2)

Fuel Fabrication 3
Ontario — Toronto,
Peterborough,
Port Hope

Power Reactors 22

Ontario —
Pickering (8),
Bruce (8),
Darlington (4)
Quebec — 
Gentilly (1)
New Brunswick —
Point Lepreau (1)

Large Research
Establishments 1 Ontario — 

Chalk River

Table 1. Main Elements of the Canadian Nuclear Fuel Cycle 



Canada formally notified the IAEA that all its legal requirements
had been met and the AP entered into force in Canada on
September 8, 2000.

The NSCA sets out broad powers for the Canadian Nuclear
Safety Commission (CNSC) to create regulations, to issue
licenses, and to verify compliance. Canada decided to incorporate
the requirements of the safeguards agreement and the AP into
safeguards license conditions that are part of the relevant licenses
issued by the CNSC. These conditions place obligations on the
licensee covering the provision and updating of information and
records, access by IAEA staff, the provision of services to IAEA
staff, the provision of assistance in sampling and measurement,
and the installation and maintenance of safeguards equipment.

In early 1998, Canada became the first member state to
conclude an additional set of subsidiary arrangements (SA) with
the IAEA. While the AP does not require a set of SA, Canada con-
sidered them necessary in light of the extensive and complex
nature of its nuclear activities. The new set of SA contains the
mechanisms to facilitate complementary (and managed) access
and information reporting (both from Canada to the IAEA and
from the IAEA to Canada) under the AP.

Outreach:A Consultation Framework
Canada decided that the early and continued involvement of the
Canadian nuclear industry in the elaboration of strengthen safe-
guards measures was critically important. To that end, consulta-
tions with industry began in 1994 to discuss the framework of
strengthened safeguards, the impact on industry, and the modal-
ities of the implementation of the required measures. These
initial meetings proved to be invaluable as they provided
Canadian industry with a forum to discuss its concerns and to
provide practical input regarding the feasibility and effectiveness
of proposed measures. During this period, Canadian industry also
participated in field trials that demonstrated to the IAEA and to
the industry the feasibility of enhanced access to information and
locations. Some of the measures discussed and tested in these
early trilateral exercises later found their way into the strengthen-
ing measures subsequently discussed and accepted by Committee
24 and reflected in the Model Protocol Additional to the
Agreement(s) Between State(s) and the International Atomic Energy
Agency for the Application of Safeguards (INFCIRC/540).

Outreach activities involving the CNSC, Canadian industry,
and the IAEA continued after the successful conclusion of
Committee 24. The emphasis of the outreach shifted somewhat,
focusing on the production of Canada’s initial declarations, on the
establishment of procedures for complementary and managed
access, and on addressing the reporting and updating require-
ments necessary for the implementation of the AP. These discus-
sions were highlighted by a trilateral meeting in April 2000 at
which the IAEA DDG-Safeguards and his senior staff directly
engaged the industry on the importance of the AP.

The Initial Declarations
The CNSC spent much of 2000 and early 2001 preparing the
procedures and mechanisms for the collection of information for
Canada’s declarations under the AP. A dedicated project team was
created for this purpose. The project involved industry outreach
at the facility level as well as the establishment of data handling
procedures and processes. The collection of information was
assisted through guidance provided by the IAEA. For example,
the guidelines and format document for the preparation and sub-
mission of declarations pursuant to Articles 2 and 3 of the AP,
prepared by the IAEA, was distributed to all licensees in Canada
during the information collection stage. In addition, the Protocol
Reporter software was also distributed to most locations in Canada
making declarations under the AP and workshops were under-
taken to explain how to use this new tool.

Throughout this period, the project team held extensive dis-
cussions with the IAEA on all aspects of the protocol require-
ments. This included providing the IAEA with an advance draft
of the initial declarations for discussion. In March 2001, using the
Protocol Reporter, Canada submitted a set of wholly electronic dec-
larations under Articles 3.a. and 3.d. of the AP. While the official
declaration was hand-delivered by Canadian governmental offi-
cials in Vienna to the IAEA on a single CD containing both the
textual descriptions and the site maps, the declarations (and
accompanying documents and images) were also remotely trans-
mitted unofficially to the IAEA in order to test electronic trans-
mission of future reports.

Establishing Procedures
Considerable effort was devoted to the establishment of reliable
and consistent procedures for complementary and managed
access, for addressing questions and inconsistencies, and for pro-
viding the annual update pursuant to the declarations.

The procedures for access cover the entire nuclear program
including mines in remote locations and shutdowns facilities. The
CNSC established access procedures with both the IAEA and the
industry and recorded them in a separate, internal manual. These
procedures require, inter alia, that the operators at the locations
subject to complementary access provide a post-complementary
access report to the CNSC. The CNSC also assisted the industry
in the preparation of procedures to accommodate individual
complementary access requests. To the extent possible, the decla-
rations under the AP attempt to highlight areas of managed access
or other access considerations within the text of the declarations
for individual sites or locations. The identification of site contacts
and of locations requiring managed access was included in the SA.

The CNSC has also established internal procedures for han-
dling any questions or inconsistencies arising from Canada’s AP
declarations. These procedures, inter alia, provide for the prompt
distribution of questions and inconsistencies to the relevant site or
location and the timely submission of appropriate answers and
explanations.
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Pursuant to established procedures, each year a letter is sent
from the CNSC to senior management at each licensee request-
ing, by a specified date, an update of the information previously
submitted relevant to Canada’s declarations under Article 3 of the
AP. The licensees use the IAEA’s Protocol Reporter to prepare
their individual annual updates. The CNSC has developed soft-
ware to facilitate the review of newly submitted updates with pre-
vious ones. After satisfactory review, the information is assembled
in the Canadian annual update for transmission to the IAEA as
an encrypted e-mail attachment.

Conceptualizing and Developing IS
As early as 1990, the CNSC had created a forum for discussions
with industry on the future development of safeguards in both the
global and the Canadian contexts. This investigative look at the
need for a strengthened safeguards regime that was efficient and
effective was the beginning of Canada’s deliberations on the opti-
mization of safeguards measures. As noted above, these early con-
siderations lead to ongoing trilateral discussions between
Canadian authorities, representatives from the IAEA, and repre-
sentatives from industry. This, in turn, culminated in a series of
field trials to test the concepts that were under consideration.
Thus, when the IAEA convened an expert group meeting on inte-
grated safeguards in September 1998, the Canadian representa-
tive was able to bring to the table the results of Canada’s
experience in conceptualizing the integration of traditional safe-
guards measures with the new measures in the AP. This was fol-
lowed by several consultative meetings between the IAEA and
member states (as part of an IAEA Safeguards Support Program
Task) where emphasis was placed on developing concepts for
state-level integrated safeguards approaches. Again, Canada was
an active participant.

In preparing the concept paper for a state-level integrated
safeguards approach for Canada, emphasis was placed on openness
and transparency and on maximizing, to the extent possible, the
characteristics of the safeguards approaches being used at the
facility-level. This was translated into an approach featuring, inter
alia, the provision of near-real-time information on nuclear material
flows throughout the fuel cycle by means of mailboxes and the
remote transmission of data from installed safeguards equipment,
and the use of short notice and/or unannounced access to loca-
tions within Canada to verify this information.

To a large degree, these concepts have been explored in the
context of the CNSC’s ongoing discussions with the industry. In
one particular area, discussion is being translated into action.
Specifically, Canada is undertaking a Safeguards Support Program
Task to develop and test an integrated safeguards approach for
transfers of spent fuel to dry storage at CANDU multi-unit
stations in Canada. This approach, if successful, could substan-
tially reduce the IAEA’s current inspection effort on this activity
without undermining effectiveness.

Next Steps

Although much has been achieved in the pursuit of integrated
safeguards in Canada, more needs to be done. As of May 2004,
Canada is still under a strengthened safeguards regime awaiting
the broader conclusion from the IAEA that will permit the tran-
sition to a state-level integrated safeguards approach. Clearly, the
provision of this safeguards conclusion is the most important next
step in the process. Canada and the IAEA must continue to work
together to ensure that the agency is in a position to draw this
conclusion.

While the conclusion is necessary in order to move to inte-
grated safeguards implementation, the creation of a state-level
integrated safeguards approach is also required. Since September
2003, Canada has worked with the IAEA on the conceptualiza-
tion, development, and implementation of such an approach.
The IAEA should be in a position soon to take the decision on
the state-level integrated safeguards approach for Canada.

The discussions with the IAEA indicate that the state-level
integrated safeguards approach for Canada will rely heavily on
mailbox approaches, the remote transmission of data from the
installed safeguards equipment, including state-of-health data,
and the randomization of inspections. It will be necessary to
systematically install these capabilities across the entire Canadian
nuclear fuel cycle. Although progress is being made on several
fronts, completion of the exercise will require considerable time.
Accordingly, the IAEA, working with the CNSC and industry,
will need to determine how the transition to integrated safeguards
can be undertaken. Should the transition be accomplished on a
state-as-a-whole basis or can it be undertaken on a more gradual
basis, concentrating, for example, on those sectors of the
Canadian fuel cycle with the required capabilities in place?

Finally, the conceptualization and development of integrated
safeguards is recognized as evolutionary. Undoubtedly, changes
will be made as experience is gained. In this context, it will be
necessary to monitor continually the implementation of agreed
state-level integrated safeguards approaches to ensure that they
are, in fact, accomplishing the objective of maximizing efficiency
without undermining effectiveness. The end result should be a
more focused and adaptable safeguards system—one that enables
the IAEA to optimize its use of the safeguards measures available
to it.

Conclusion

This paper has focused on Canada’s experience to date on our
efforts to move toward integrated safeguards. As more states sign
and bring into force an AP, traffic on the road to integrated safe-
guards should increase dramatically. While recognizing that in
several respects Canada’s experience has been unique, some of the
lessons learned from that experience may be relevant to other
states. Specifically,
• It is important to ensure that the necessary legislative frame-
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work to facilitate the implementation of the new measures
arising from the AP is established as soon as possible;

• Early and frequent consultation and cooperation with the
IAEA in both the preparation and the implementation
phases is essential to facilitate the process and to communi-
cate expectations; and

• Early and frequent consultation with industry is essential to
promote understanding, buy-in, cooperation, and practical
advice.

Preparing for and implementing the AP is manageable if
appropriate groundwork is laid. Openness and transparency
among all parties to this undertaking is critical both before and
during implementation. Successful completion of the journey
towards integrated safeguards requires commitment, communica-
tion, and cooperation. These characteristics, undoubtedly, will
also be required in order for a state to maintain this goal once it
has been achieved.
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Abstract
The entry into force of the Additional Protocol (AP) in the
European Union is a complex process because on the European
side fourteen parties are signatories to the Non-Nuclear Weapons
States (NNWS) AP (the thirteen NNWS of the EU plus the
European Atomic Energy Community—usually known as
Euratom). Matters were further complicated by the political wish
to bring the APs relating to France and the UK into force at the
same time as the NNWS AP, before the accession on May 1,
2004, of a further ten states to the EU.

The application of the APs will present a number of challenges
because of the extent, nature, and evolution of the nuclear fuel
cycle in Europe. The European fuel cycle was established in the
late 1950s at a time when many held the view that fission energy
and later fusion energy would provide the community’s chief
source of energy in the future. Since that time several European
states have renounced the nuclear option, phasing out their
nuclear research programs and reorienting their nuclear research
centers toward non-nuclear purposes. 

The European Atomic Energy Community (Euratom) was
established in 1957 at the same time as the European Economic
Community. Euratom had the task of creating the conditions for
the establishment and growth of nuclear industries. Far-reaching
responsibilities were given to Euratom in the areas of supply, safe-
guards, and ownership of nuclear materials but it was given little
responsibility in relation to the control of the use of nuclear
equipment. The European Commission is the body charged with
execution of most of the controls and operational matters
described in the Euratom Treaty.

However, the AP concerns nuclear equipment and research
as well as nuclear materials. Not all EU member states shared the
commission’s view that the AP conferred new legal competencies
upon the commission in relation to nuclear equipment. As a
compromise, the AP for the thirteen NNWS allows member
states that so wish to transfer to the European Commission the
implementation of certain tasks which otherwise would be their
responsibility.

In parallel, and independent of the implementation of the
AP in the EU, a root and branch review of the EU’s safeguards
control regime is underway. Although the review has not been
completed, it is clear that the regime will be considerably stream-
lined and may be reduced to a level comparable to that of the

International Atomic Energy Agency’s (IAEA) integrated safe-
guards (IS)—sometime before the introduction of IS by the IAEA
in the EU however. The IAEA already applies IS in some of the
new member states and it is hoped that Euratom will gain valuable
experience on IS from the new member states’ experiences. 

Introduction
The three Additional Protocols (AP) to the safeguards agreements
concerning France, the UK, and the non-nuclear weapon states
(NNWS) of the European Union (EU), were signed on
September 22, 1998. Euratom is a signatory to all three APs.
Whereas the AP for the UK and France are voluntary agreements
and are therefore quite specific, the AP for the thirteen NNWS of
the EU1 comprises all the features of the Model Protocol INF-
CIRC 540. The Euratom Treaty2 requires that the AP enter into
force at the same time in all thirteen NNWS. For political rea-
sons, the UK and France agreed that their respective APs would
enter into force on the same date as that of the NNWS.

The implementation of the AP for the EU NNWS necessarily
differs from the implementation of the AP in other IAEA member
states because of the fact that it concerns thirteen states and their
collective conscience—the Euratom community—and because
the responsibility for implementation is shared by the member
states and Euratom.

The entry into force of the AP in the EU is made still more
challenging by the concurrent enlargement of the EU to twenty-five
states and by the revision of Euratom’s safeguards control strategy.

Issues Specific to the European Union 
Nature of the Nuclear Fuel Cycle in the EU
The fuel cycle was established in the European Union in the late
1950s at a time when many saw nuclear energy as constituting the
community’s main source of energy in the future. Nuclear energy
was seen as offering a reduced dependence on imports of energy
from politically unstable regions of the world while at the same
time promoting high-technology research and development. The
political climate in the 1950s was thus generally favorable making
the necessary investments in the R&D programs required to
create a nuclear industry in the European Community.
Commercial production of nuclear energy in the European
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Community began in the 1960s and by the late 1970s some of
the first research reactors were being closed down. 

By the 1980s, the initial enthusiasm for the commercial pos-
sibilities of nuclear energy had faded and was replaced by more
realistic views. At the same time, the voice of environmental
movements began to be heard, especially after Three Mile Island
and Chernobyl. The consequence was more stringent legal
requirements for the licensing, construction, and operation of
new nuclear facilities. This not only rendered more difficult the
construction of new installations, but also caused many research
institutes and other nuclear plants to be closed down, and led
some member states to renounce nuclear energy completely. Since
that time many European nuclear research centers and nuclear
industrial parks have been partly or completely reoriented
towards non-nuclear activities.

Role of Euratom
The development of the nuclear fuel cycle in the European Union
was supported through the creation of the European Atomic
Energy Community (Euratom). The 1957 Euratom Treaty
between the original six member states gave the European
Community the task of creating the conditions for the establish-
ment and growth of nuclear industries. In its preamble the
Euratom Treaty recognizes that “nuclear energy represents an
essential resource for the development and invigoration of industry
and will permit the advancement of the cause of peace.” 

The member states delegated important responsibilities to
the European Commission. Chapters VI, VII, and VIII of the
Euratom Treaty provide it with wide powers in the areas of supply,
safeguards, and ownership of nuclear material. The anchoring in
European law of the control of the ownership, use, and supply of
nuclear materials provided non-European partners with the assur-
ance that materials and equipment that they might provide would
not be used for military purposes.

Since 1958, the European Commission has maintained a
community-wide nuclear materials accountancy system and
exercised controls on the use of nuclear materials. Since the entry
into force of the NPT safeguards agreements with France, the
UK, and the thirteen NNWS respectively, Euratom also func-
tions as the State System of Accountancy and Control (SSAC)
toward the International Atomic Energy Agency (IAEA) for all
the member states of the EU. 

The EU has grown to twenty-five members from the original
six. Upon accession, all states that have acceded to the EU have
transferred to the European Commission the responsibility for
nuclear material accountancy and control, and for providing the
IAEA with accountancy reports. 

The powers of Euratom in relation to safeguards on nuclear
materials, including measures under the AP, are unchallenged.
However, some member states maintained that the AP could not
provide Euratom with competence in respect of those measures of
the AP that do not involve nuclear material. The European

Commission’s legal service was of the opinion that all obligations
resulting from the AP fell within the ambit of Art 77b3 of the
Euratom Treaty and hence the commission would be competent,
whereas the legal service of the Council of the European
Communities, which represents the interests of the member
states, was of the opinion that the AP could not result in the com-
mission’s acquisition of new powers in relation to the nonnuclear
aspects of the AP. 

In the end, a compromise was found that allows the member
states either to perform the measures not related to nuclear material
themselves or to transfer the implementation of these measures to
the commission. This compromise was concretized as Annex III4

of the NNWS AP. (The specific nature of the APs with the two
nuclear weapons states means that this question of division of
responsibilities does not arise).

Although this solution may appear to diminish Euratom’s
role in the AP, the reality is that Euratom still has a major role in
its implementation. The commission played and still plays the
most important role in negotiating conceptual approaches with
the IAEA so that reporting within the EU will be harmonized as
far as is possible.

Division of Responsibilities and Work Between the
Commission and the Member States
In most IAEA member states, the provisions of the AP are imple-
mented by the national SSAC. In the European Union, however,
the provisions of the AP will be implemented by the commis-
sion,5 by the member state concerned, or by the commission and
the member state acting jointly. As described previously, member
states may entrust some of their own tasks to the commission in
accordance with Annex III of the AP.

At the time of writing, nine of the thirteen NNWS member
states had indicated that they would like to make use of the serv-
ices of the European Commission for this purpose. In January 2004,
the European Commission indicated that in principle it was
willing to perform certain tasks on behalf of some member states.

The compromise on the division of responsibilities was
accompanied by an agreement providing for full transparency
between the member states and the European Commission
regarding reporting to the IAEA, each party providing the other
with a copy of any information transmitted to the IAEA. In reality
therefore the difference between side-letter and non-side-letter
member states seems rather academic.

The French and UK APs are limited to information related
to activities involving NNWS; they do not include the possibility
of transferring tasks to the European Commission, which will
implement only those provisions of the protocols related to
nuclear material, the other provisions will be implemented by the
member state concerned.
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Legislation and Entry into Force (EIF)
The entry into force (EIF) of the Euratom APs requires the
fulfillment of the provisions of the Euratom Treaty concerning
international agreements as well as the fulfillment of the provi-
sions on EIF of the AP itself. 

The AP requires the member states and Euratom to inform
the IAEA in writing that their respective requirements for EIF
have been met; in respect to the member states, the IAEA under-
stands this as meaning that national procedures for ratifying the
AP have been completed. Article 102 of the Euratom Treaty
imposes a similar, but stricter, condition—each member state
must notify the commission that the international agreement in
question has become applicable in accordance with its internal
laws. This means that in addition to completion of ratification,
each state must also pass the national regulations and make the
administrative arrangements necessary to give effect in national
law to the international legal commitment that it has undertaken.

As noted above, Euratom is also obliged to inform the IAEA
that its requirements for EIF have been met. One of these require-
ments is the passage of legislation to ensure that Euratom can
meet its obligations vis à vis the IAEA. The coverage of the
Euratom system of nuclear material accountancy and control was
already more comprehensive than was required by the safeguards
agreement with the IAEA and, with the exception of wastes,
covered all the additional declarations on nuclear materials
provided for in the AP. It was therefore sufficient to enact a revision
of the regulation on safeguards accountancy, extending its cover-
age to include wastes and the requirements on site declarations.
The regulation has effect throughout the European Union. 

The European Community notified the IAEA on April 30,
2004, of its own readiness and of that of the fifteen member
states for EIF; the AP accordingly entered into force in the EU
on that date. 

Implication of Enlargement
On the May 1, 2004, ten new states became members of the EU.6

All of these new member states had safeguards agreements with
the IAEA and they had all signed the AP; in seven of them the AP
was already force. Upon entry to the EU the new member states
are required to suspend their existing safeguards agreement with
the IAEA and accede to the safeguards agreement between the EU
NNWS and the IAEA. Article 23 of the latter agreement covers
the accession of new states to the agreement. However, the AP has
no equivalent article. The legal services of the commission, the
IAEA, and the existing member states concluded that Article 23
of the agreement also applies mutatis mutandis to accession to the
AP. Each new member states will therefore accede to the Euratom
NNWS safeguards agreement and its AP at the same time. 

The fact that the AP was in already in force in seven of the
ten new member states also had an effect on the EU’s preparations
for EIF. Had the AP not been in force in the EU at the time of
accession of the new member states one of two undesirable con-

sequences would have resulted: either the new member states
would have had to suspend the AP until such time as the AP was
in force in the EU as a whole or the new states’ existing safeguards
agreements and APs would have remained in force until the EU
was ready in breach of the uniform application of EU law. The
resulting political pressure helped ensure that the AP entered
force before enlargement of the EU.

Technical Issues
CClloosseedd  aanndd  DDeeccoommmmiissssiioonneedd  FFaacciilliittiieess  
Due to the historical development of the nuclear fuel cycle in
Europe as outlined above, the EU has hundreds of closed facilities
or closed locations outside facilities (LOF), half of them with only
small or even very small quantities of nuclear material used for
non-nuclear purposes. They were generally no longer inspected
under the traditional safeguards regime, even though the verifica-
tion of such installations is an integral part of the IAEA’s strength-
ening measures. Such installations may become subject again to
reporting under the AP, if prior to their closure they were involved
in activities related to the nuclear fuel cycle. Many of these closed
locations have been largely dismantled over the years, but only
when an installation is confirmed to be decommissioned for
safeguards purposes does it cease to form the core of a site under
the AP.

This issue is of particular importance for the research centers
and technology parks in the EU. Most of the buildings are used
for non-nuclear activities. Integrating them into an AP site would
place an unjustifiable burden on the users and owners as well as
directing the IAEA’s activities to areas of no interest for the imple-
mentation of the AP. The commission has visited many sites to
confirm the status of buildings and to elaborate constructive solu-
tions to questions as to what to include in the site.

NNoonn--NNuucclleeaarr  LLOOFFss  aanndd  EExxeemmppttiioonn  
Although quite a large number of nuclear fuel cycle related activ-
ities have been abandoned, nuclear material is also still used for
non-fuel cycle related activities in hundreds of different locations
holding less than 1 kgeff. As most of this material has a non-
nuclear use, most of these places would qualify for exemption or
even termination of their material, i.e., the location would no
longer constitute a site. 

The Commission’s Role in the
Implementation of the Additional Protocol
There are four key players in the implementation of the AP in the
European Union: the IAEA, the member state authorities, the
operators or reporting entities, and the European Commission.
The commission interacts with all the other partners.
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Commission Activities with Member States
The commission held bilateral consultations with all member
states to prepare for implementation and to assist member states,
where necessary, in understanding the AP and in preparing the
legal instruments.

The outcome of these discussions is reflected in a document
outlining the “Arrangements for the implementation of the
Additional Protocol in (member state).” These country-specific
papers have been standardized to the extent that there are now
only two sets: one for the side-letter member states and the other
set for the non-side-letter states. All papers cover reporting under
Article 2 itself, IAEA requests for clarification and amplification
(Article 2c), questions and inconsistencies (Article 4d), as well as
complementary access (Article 4, 5, and 6), managed access
(Article 7), and the reporting of results (Article 10).

Draft subsidiary arrangements have been prepared, based on
the IAEA model, for codes 11 to 18 covering the measures of the AP.

European Commission Activities with Operators
The European Commission assists the operators of complicated
sites and the member states concerned with the definition of sites
and the corresponding declaration. Whereas the description of a
site consisting of an active facility is normally straightforward,
sites containing former nuclear research centres or technology
parks are very often more difficult to define. 

Where installations have been decommissioned, Euratom
initializes visits with the IAEA to confirm the decommissioned
status.

For operators of nuclear power plants, a model site declaration
had been elaborated to assist them in preparing their own site
declaration and to harmonize site declarations.

European Commission Activities with the IAEA
Two field trials for nuclear sites were carried out to test all the
measures of the AP: one in a state that intends to transfer tasks to
the European Commission, and one in a nontransferring state.
The experience gained was used to refine the arrangement papers. 

The commission initiated a discussion with the IAEA on the
treatment of LOFs under the AP; the outcome was that places
with exempted nuclear material no longer constitute a site.
Common site visits were organized to discuss complex site
boundaries. A comprehensive plan was set up to assess the status
of the closed installations to confirm their decommissioned status
and if possible free them from the requirement to be declared as
part of a site under the AP.

Dedicated mailboxes were set up in the IAEA and in the
commission to allow encrypted data transfer. Information was
exchanged on AP databases and reporting software to ensure
compatibility between the IAEA and commission systems.

Own Tasks of the Commission
Training seminars on the AP have been organized for eighty com-
mission inspectors.

The commission has developed reporting software known as
CAPE (Commission Additional Protocol Editor) for EU operators.
Regular meetings are held with CAPE users. In addition, a head-
quarters database handling all AP information within the commu-
nity and the corresponding workflow tools is being developed. 

In close cooperation with the European Safeguards Research
and Development Association (ESARDA) Working Group on
Integrated Safeguards, guidance on site definition issues and
R&D declaration has been elaborated. 

Four commission officials act as country officers, each respon-
sible for several member states. They serve as the main contact
point for the member states and for all issues prior to the first
report, such as
• Establishing definitive site lists including corresponding site

representatives
• Establishing a list of all organizations subject to reporting

under Article 2
• Assisting with and following up the screening of LOFs and

closed plants
• Assisting operators and visiting sites to define site boundaries

New EU Safeguards Strategy
Objective of Chapter VII of the Euratom Treaty
The objective of the Euratom safeguards system as created by
Article 77(a) of the Euratom Treaty is to be able to report to the
European public that there is credible assurance that nuclear
material in the European Union has been used for the purposes
declared by the holder or user. In addition, Article 77b3 provides
assurance to third parties that international obligations relating to
supply or use of nuclear materials are complied with.

Safeguards must address a number of risks:
• Use of nuclear material by the state for purposes other than

declared
• Theft of nuclear material by or with the help of workers in a

plant
• Use of nuclear material by the operator’s organization for

purposes other than declared (intentional)
• False declarations made to conceal human errors, accidental

losses, or process deficiencies 
• A low standard of control in a facility providing the ill-inten-

tioned with the opportunity to acquire nuclear materials
In the stable political climate of the beginning of the 21st

century, the risk that an EU member state might divert nuclear
material is so low as to not warrant control by Euratom. In any
case, the IAEA addresses this risk in the frame of its activities in
support of the NPT. 

Likewise, it is the operator’s task, not Euratom’s, to protect
nuclear materials from theft by insiders. 
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Hence, in the early 21st century, Euratom safeguards will
focus on controlling how operators manage the nuclear materials
in their possession.

EU Safeguards Strategy
Under the revised Euratom safeguards strategy, traditional safe-
guards parameters such as timeliness, detection probability, and
significant quantity take on different meanings or are derived
from different considerations. Thus timeliness is concerned with
reporting frequency, the detection probabilities to be applied are
derived from risk considerations, and significant quantities may
modulate physical verification efforts. The result will be a basic
reorientation of inspection activities, which allows for a more
flexible inspection scheme. 

Cooperation with the IAEA
It is likely that the adoption of new safeguards approaches by
Euratom will necessitate discussions on the respective roles of
IAEA and Euratom inspectors during inspections in the EU.

Once the AP is in force across the whole EU and the IAEA
has concluded that integrated safeguards can be generally imple-
mented in the EU, it is anticipated that the IAEA will reduce the
efforts it devotes to classical safeguards. When this time comes, it
is hoped that the IAEA may draw inspiration from the revised
safeguards approaches currently being developed by Euratom
safeguards.

Conclusion and Outlook
The year 2004 poses major challenges for the European
Commission’s safeguards services and consequently for the IAEA.
The Commission has to cope with:
• The simultaneous entry into force of the AP in all thirteen

NNWS member states; 
• The enlargement of the EU to twenty-five member states on

May 1, 2004; and 

• The revision of the commission’s own safeguards strategy.
The Euratom safeguards services will continue to closely

collaborate with the IAEA, but both have to instill new life into
this collaboration; the revised Euratom safeguards strategy
should not be considered as an obstacle to the continuation of
this collaboration.

End Notes
1. 1999. Official Journal of the European Communities L67/1 of

13/3/1999.
2. Article 102 of the Euratom Treaty states: “Agreements…shall

not enter into force until the commission has been notified
by all the Member States concerned that those agreements or
contracts have become applicable in accordance with the
provisions of their respective national laws.”

3.  “…provisions relating to supply and particular safeguarding
obligations assumed by the Community under an agreement
concluded with a third State or an international organiza-
tion….”

4. “For the sole purposes of the implementation of this
Protocol, and without prejudice to the respective compe-
tences and responsibilities of the Community and its
Member States, each State which decides to entrust to the
commission of the European Communities implementation
of certain provisions which under this Protocol are the
responsibility of the States, shall so inform the other Parties
to the Protocol through a Side Letter….”

5. In line with the Euratom Treaty provisions, the European
Commission carries out the tasks entrusted to the commu-
nity. The commission services responsible for the implemen-
tation of the measures referred to in this document are
Directorates H and I of DG-TREN.

6. Cyprus, Estonia, Hungary, Latvia, Lithuania, Malta, Poland,
Czech Republic, Slovakia, and Slovenia.
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Abstract
ESARDA, the European Safeguards Research and Development
Association, has as a main objective assisting the European safe-
guards community with advancing progress in safeguards and
enhancing the efficiency of systems and measures. Key bodies of
ESARDA are standing working groups dealing with various tech-
nical subjects. 

The ESARDA Working Group on Integrated Safeguards (IS
WG) was created in 2000 with the objective of providing the
safeguards community with expert advice on methodologies and
approaches to integrate INFCIRC/153 and INFCIRC/540
measures, and to present a forum for the exchange of informa-
tion, views and experiences in that regard. Its members represent
inspectorates, national authorities, operators, and research centers
active in the field of safeguards.

The working group very soon realized that a first milestone
on the road to integrated safeguards is the successful and func-
tional implementation of the Additional Protocol. Discussions
and activities concentrated on actions necessary to reach this end
thereby taking into account the specific situation in European
states.

Among the topics discussed were issues of:
• Establishing a functional site definition for different types of

installations, ranging from small locations with very small
amounts of nuclear material to complex installations with a
complex history, and 

• Dealing with different and even conflicting requirements in
the context of unannounced inspections. 
Interpreting and handling the requirements for research and

development declarations considering the needs and interests of
all parties involved, the International Atomic Energy Agency
participated in most of the meetings as an observer and provided
the group with valuable background information on Additional
Protocol (AP) questions and received in turn a deep insight into
our considerations, motivations, and concerns. This procedure
contributed much to a better mutual understanding that is not
least reflected in the revised draft of the AP implementation
guidelines. 

Introduction
The Additional Protocol (AP) entered into force in the European
Union (EU) member states on April 30, 2004, just one day before
the enlargement of the union to twenty-five members. During the
AP negotiating phase, and especially after the signing of the AP
on September 22, 1998, activities were undertaken in EU coun-
tries to assess issues and consequences of the new AP measures for
states and operators. The implementation of the protocol and the
development of integrated safeguards were and still are under
broad discussion within the European safeguards community.

ESARDA, the European Safeguards Research and
Development Association, has given these developments and
activities high attention by organizing special sessions and semi-
nars on respective issues. Taking into account, however, that the
whole nuclear and nuclear-related infrastructure including
nuclear facilities, nuclear suppliers, research centers, and authori-
ties within the European Union is affected by the measures of the
AP and by the application of integrated safeguards there was a
common understanding that also a permanent forum for specific
and detailed discussions and for exchange of information was
needed. The ESARDA Working Group on Integrated Safeguards
(ISWG) was established in May 2000 to satisfy this need, i.e., to
serve as a platform for information exchange and to provide assis-
tance to operators, member states, and national, regional, and
international inspectorates on the implementation of integrated
safeguards (IS). 

The Structure of the Working Group
Most of the members founding the group already had worked in
the field of integrated safeguards, e.g., within the framework of
the member states support programs to the IAEA. They were
familiar with the objectives and regulations of the AP and the
basic approaches for IS as developed in the IAEA.

The focal point of the constituting meeting was to define the
scope of activities and the main fields of work for the group.
There was a common understanding among the participants that
the work should mainly be oriented toward practical issues of
implementing of the AP and IS approaches taking into account
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the point of view of all parties involved in the implementation
process, such as operators, and national, regional, and interna-
tional inspectorates. It was clear from the beginning that there
was no intention to develop individual approaches since the
participants were well aware that the group did not have the
necessary capacity and resources at its disposal to do such work.
The group would rather concentrate on the assessment of docu-
ments available and draw its own conclusions. 

Among the first activities after bringing the ISWG into being,
was fulfilling some administrative requirements, such as establishing
terms of references and an action plan, and defining success factors.
These are instruments are used by the ESARDA working groups to
guide the direction of the groups’ activities and to survey the effi-
ciency of their work. On the basis of the common understanding
described above, the terms of reference and the action plan were
discussed and set up accordingly. (See reference 2.) 

During its now four years of life, the group proved to be very
active and productive. The first constituting meeting had six
participants present. This number quickly increased to now more
than twenty members or observers from more than ten European
countries, with representatives form the inspectorates of Euratom
and the IAEA. This indicates a great interest in the subjects of AP
implementation and integrated safeguards. Most members have
strong backgrounds with practical experience in implementing
and carrying out safeguards measures, since most of them are
representatives of nuclear operators or national authorities. The
group meets regularly—about three times a year at different
locations—hosted by one of the sending organizations, and the
meetings always have been well attended.

Euratom representatives have participated in the meetings
since the beginning and the group soon recognized that the
participation of the IAEA also would be very fruitful for both
sides. For the WG it is a big advantage to receive first-hand infor-
mation on new considerations, concepts, and developments asso-
ciated with IS; for the IAEA it is very valuable to gain a direct and
unfiltered insight into and thereby a better understanding of our
reflections and concerns to implement the new safeguards ele-
ments into real life under the various given circumstances in our
countries. The IAEA accepted our invitation and soon became an
indispensable part of our group.

Topics of Discussions
First discussions concentrated on new elements and approaches
proposed for IS, which the WG examined with a view of how to
implement this in practice. The group reflected aspects of how the
new elements could be translated to and carried out in real life,
what effects this could have on the current practices of plant
operation and what administrative procedures and regulations
were affected. During all these discussions the group drew up lists
of open issues and questions that needed further consideration
and solutions.

The Role of R/SSAC
In IS, the increased cooperation with regional and state systems of
accounting and control (R/SSAC) will be an essential element
that is believed to have a high potential for savings in IAEA
inspection effort. The group discussed from the beginning the
role the European regional and state systems could play in IS.
Input to the discussion on this issue was provided in several
meetings by presentations from group members. Participants
from the United Kingdom presented the results of their studies
on applying quality assurance and compliance approaches used in
other industries to R/SSACs; group members from Finland and
Sweden portrayed their respective SSACs, and representatives
from Euratom and IAEA briefed the group on the results of their
considerations and expert group work.

First of all, the group considered that an extended use of
R/SSAC by the IAEA had a high potential for savings. Although
it is assumed that most savings can be gained when cooperating
with large regional systems, such as Euratom, the IAEA, in the
view of the group, could also reduce its safeguards effort consid-
erably by cooperating with smaller state systems on a lower level. 

Good experience with respect to savings in IAEA efforts has
been gained through cooperation between IAEA and Euratom
within the new partnership approach (NPA). It can be stated that
from the three proposed levels of cooperation with R/SSAC
(enabling level, joint activities level, use of inspection results) the
first two are fully implemented. However, Euratom, as an inde-
pendent multinational system, has the capacity to meet the high-
est level, i.e., to perform safeguards verification activities for
the IAEA and make the findings available to the IAEA. In order
to gain confidence in the Euratom activities the IAEA could rely
on its accumulated experience within the NPA and adopt quality
assurance (QA) and quality control (QC) techniques. In essence
the IAEA would audit Euratom by applying agreed QA/QC
measures by retaining the right to perform its own independent
inspections. In this respect the group supports the work done by
the UK describing QA/QC tools that could enable the IAEA to
make use of big regional systems. 

As Euratom is currently reconsidering its mission and its own
safeguards approaches, discussion of the role of the R/SSAC has
been put aside until the boundary conditions, such as the level of
continuing Euratom inspection activity, become more clear.

Safeguards Approaches under IS
The group also closely follows the development of IS approaches
for the different facility types. These approaches and the respec-
tive safeguards criteria, as far as information is available, are ana-
lyzed with respect to its consequences and effect to the operators
and the authorities.

Starting with the IS approach for light-water reactors (LWR)
without MOX, the group exchanged views on different elements,
such as timeliness, C/S application, and unannounced inspec-
tions. In principle there was a positive response to the base LWR
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approach since it provides for a reduced number of inspections
and lower the risk of instrument failure, because C/S will be used
only during the reloading of the reactor. However, implementa-
tion difficulties became apparent regarding unannounced inspec-
tions (UI), which are seen as a key element of the integrated
safeguards approach in these facilities. The group recognizes the
attractiveness of UI for safeguards concepts. They will allow the
IAEA much faster access to relevant locations in a facility than
any other type of inspection. They will place a potential diverter
in a permanent state of uncertainty and can be used to detect and
deter from undeclared activities in a facility and, thus, can be an
efficient and cost effective tool to cover a range of diversion
scenarios. However, UI imposes additional burden to facility
operators and increases the danger that inspections may interfere
with planned operational activities. Unannounced inspections are
already provided for in the INFCIRC/153-type safeguards agree-
ments. They are also used in the concept of limited frequency
unannounced access (LFUA). This concept was developed for the
access to cascade halls in gas-centrifuge enrichment plants and is
now successfully applied for many years in the URENCO enrich-
ment plants in the EU. A presentation from a group member
working within the URENCO company outlined the details of
application and the experiences gained with UI in the LFUA
safeguards schema. 

The issues were, together with the feedback collected from
reactor operators, summarized in a detailed list of questions that
was presented and handed over to the IAEA. This list served as a
contribution from the group to support the IAEA in defining the
conditions for unannounced inspections. The results of our discus-
sions are summarized in a topical paper worked out by the group
(see reference 4).

AP Implementation
In their own organizations, many WG members were involved in
practical work to prepare for the implementation of the AP in
their countries and this common interest also directed our activi-
ties. Within the EU member states, there exist three different APs
concluded with the IAEA: the two nuclear weapon states (NWS)
have each their own type of AP and the remaining non-nuclear
weapon states (NNWS) have a common AP. The AP for the
European NNWS contains a third annex that foresees the possi-
bility that states entrust Euratom with tasks assigned to the state
in the AP. The majority of the EU member states make use of this
possibility and therefore Euratom has to play a big role in the
implementation of the AP in our countries as well.

The task requiring the most effort in all countries working
out the initial declaration according to Article 2 of the AP. The
UK has submitted a voluntary Article 2 declaration since 1999
and has gained a lot of experience. It could provide the group
with very valuable information on the procedures chosen, the
effort required, the problems encountered, and the results
achieved. Because the UK is a nuclear weapon state, its voluntary

declarations clearly identified the areas where difficult problems
are to be expected. Additional stimulation for our in-depth dis-
cussions of AP implementation issues came from briefings given
by the inspectorates, from presentations made to the group about
field tests conducted in Finland at the VTT and in the
Netherlands at Petten, and, at the beginning of this year, the
opportunity to hear about and discuss experiences gained in
Japan with the AP implementation. 

SSiittee  DDeeffiinniittiioonn
One of the most important practical issues when preparing for
the implementation of the AP is the definition of the site under
the Article 2a(iii) declaration. The WG discussed this issue in
length since there are many aspects to be considered. The site
should be carefully defined as it has a direct influence on the
amount of information to be provided to the IAEA, the IAEA ’s
rights for complementary access (CA), and the building owner’s
obligations to grant this access often with very short notice. Sites
should be large enough to meet the objectives of the AP. They
should also be set in such a way that they do not include buildings
not contributing to the nuclear mission of the site so that no
unneeded information is collected. The site boundaries should,
therefore, be set in such way that no unnecessary burden is put on
building operators that have no functional relationship with
nearby nuclear activities. This topic was one of the central points
of our discussions in the last three years. The problems considered
and the solutions found are discussed in detail in a topical paper
worked out by group members. (See reference 3.)

RR&&DD  DDeeccllaarraattiioonn
Without a doubt, the declaration of R&D activities is one of the
most sensitive aspects of the AP. R&D declaration were treated
intently by the working group and it is very likely that it will take
some time to reach a universally accepted interpretation of its
obligations. A clear understanding of a state’s commitments and
the IAEA ’s rights in relation to the declaration of R&D activities
not involving nuclear materials are key elements for adequately
addressing the requirements of the AP. Misinterpretation of the
AP obligations could lead either to excessive burden for states and
operators or to incomplete declarations, which may weaken the
objectives of the AP and deserve further inquiry from the IAEA.
While the latter is true for most AP provisions, it is particularly
relevant to R&D activities for several reasons, which were discussed
in depth in our group: 
i) The wording of the AP requirements is open to interpreta-

tion, mainly due to the broad concepts embedded in the
definition of nuclear fuel cycle-related R&D activities.

ii) The role of the state needs to be discussed, in order to
understand when it has a genuine control or knowledge of
the specific research activities carried out by the involved
players.

iii) The declaration should focus on added-value information
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for the IAEA’s strengthened safeguards mission. Excessive
R&D declarations would be an unnecessary burden for
states, operators, and the IAEA.
The critical points of the R&D declaration as identified in

our discussions and the solutions contemplated are in detail
described in a topical paper worked out by group members. (See
reference 6.)

Other Topics and Activities
Besides the topics mentioned above, there were quite a lot of
other issues touched on in the meetings. It soon became a sort of
ritual to start the meeting with a “tour de table” where members
from each country represented in our group and the inspectorates
gave a status update of current developments, activities, and other
issues encountered in the process of preparing for the AP imple-
mentation. Within the framework of integrated safeguards, we
discussed other subjects that not yet demanded our attention with
the same urgency like the preparation of the initial AP declara-
tion. Among these subjects were the IS evaluation criteria, the role
of C/S in IS, and the procedures for the resolution of anomalies.
But among the subjects we felt it necessary to give more attention
were the analysis of IS boundary conditions and the contribution
to the revision of the IAEA AP guidelines.

Discussion of Boundary Limits
The WG also worked on analyzing integrated safeguards’ overall
framework and its consequences. The Integrated Safeguards
Conceptual Framework was established after taking into account a
bottom-up approach, starting from facilities, and with a number
of self-imposed boundary conditions such as one physical inventory
verification (PIV) per year, recoverability to classical criteria within
existing timeliness goal, no change in safeguards levels on unirradi-
ated direct use material, and nondiscrimination between states
exclusively based upon quantitative parameters. Looking back at
what was expected from IS and considering the current framework
and the proposed approach, the design logic looks closer to com-
bination than integration, and the above mentioned boundary
conditions clearly put limits on what can be reasonably achieved.
Consequently it puts a strong limitation on savings expected from
classical safeguards verification measures, it constrains the value
expected from a greater use of AP measures, it undervalues the syn-
ergy of AP and classical verification of nuclear material. The WG
discussed some of those boundary limits and suggestions to reach a
better balance between quantitative and qualitative tools and pro-
vided examples where real integration could be implemented and
could bring more benefits than juxtaposition. The ultimate goal, in
our view, is to grant integrated safeguards the strength of a real flex-
ibility to enhance effectiveness and efficiency.

The considerations and suggestions of the working group are
summarized in a topical paper prepared by group members. (See
reference 5.)

Input for the IAEA AP Guidelines Seminar
In October 2003, the IAEA organized a seminar in London to
discuss the proposed revised text for the AP guidelines. The working
group contributed a good deal of the revision of the original text
that was issued in 1997. One of the characteristics of this group
is that problems are encountered under very different conditions
in different countries. Thereby, a wide spectrum of possible cir-
cumstances is covered by the different conditions existing in our
countries. The IAEA was present and participated actively in our
discussions of AP issues und thus gained a profound understanding
of the problems. The group members produced a large effort to
document the discussions and to prepare topical papers on all
relevant issues. These documents were also handed over to the
IAEA for the revision of the guidelines. We were very glad to note
that many of our views and suggestions were taken over in the
revised version of the guidelines. 

Conclusion
In our view, the working group on IS met the expectations that
called for the establishment of the group. The group proved to be
very active and productive and makes the results of its work avail-
able to the safeguards community. A key output is the intense
information exchange between the group members that also leads
to the emergence of an harmonized view on key issues related to
the implementation of the AP and the development of IS. The
relationship developed with the IAEA allows a very open discus-
sion and thus a good mutual understanding. It has always been
our endeavor to find harmonized solutions that take into account
the view of all parties involved in the implementation process,
including operators, and national, regional, and international
inspectorates. 

With the AP now in force in European countries, a milestone
of our work has been accomplished, but our task is not at all com-
plete. The need for an intensive information exchange continues
with the establishment and later adjustment of the real initial
declarations and the preparation for the complementary access
visits of the IAEA. All this belongs to the necessary groundwork
on which the development of the integrated safeguards
approaches can be based. It then still will take some time until the
implementation of integrated safeguards in our countries will
take place.
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Abstract
As the program to strengthen safeguards gathers pace, the concept
of integrated safeguards is assuming increasing importance. With
the Additional Protocol (AP) entering into widespread application,
strengthened safeguards—the combination of a comprehensive
safeguards agreement and the AP—are becoming firmly estab-
lished as the Nuclear Nonproliferation Treaty (NPT) safeguards
norm. Integrated safeguards takes this process further. Rather than
being determined mechanistically, by number of facilities and
quantities of material, safeguards effort can be rationalised so as to
focus on areas of greatest proliferation significance.

By early April 2004, APs have already been ratified or signed
by three-quarters of states with comprehensive safeguards agree-
ments that have significant nuclear activities. When the EU mem-
bers ratify their APs—expected shortly—more than 70 percent of
all nuclear facilities under comprehensive safeguards will be in
states with APs in force. Most AP states can be expected to qualify
for integrated safeguards (IS)—IS should be in widespread appli-
cation within the next two-to-three years.

To date most of the development of IS has been in the
conceptual framework, and in facility-level approaches that take
advantage of redundancies between traditional and strengthened
safeguards to reduce routine safeguards effort. The outcome is a
substantial improvement in cost-effectiveness, but currently it still
resembles the one-size-fits-all approach of traditional safeguards.
The next major phase is the development of genuinely state-level
safeguards approaches, based on the characteristics of each state. 

This paper discusses some of the major issues involved,
including: 
• Developing an appropriate methodology for tailoring

safeguards effort to individual states
• Whether the current threshold assumption, that states of

proliferation concern are unlikely to qualify for is, is soundly-
based—and what to do if this is not the case

• Ensuring that IS are sufficiently robust to deal effectively
with changing circumstances

• Implications for the International Atomic Energy Agency
(IAEA)

Introduction
Integrated safeguards (IS) comprise the optimum combination of
safeguards measures available under both the standard
Nonproliferation Treaty (NPT) safeguards agreement—INF-

CIRC/153—and the Additional Protocol (AP) which achieves
maximum effectiveness and efficiency within available resources.
For a state to qualify for IS requires that an AP is in force and that
the International Atomic Energy Agency (IAEA) has been able to
reach an initial conclusion on the absence of undeclared nuclear
activities. Thus, progress to IS requires in the first instance
conclusion of an AP.

Viewed in terms of total NPT membership, the rate of uptake
of APs remains disappointing—to date, less than half the parties to
the NPT have ratified or signed an AP. This delay in accepting the
AP has adverse consequences for strengthening the safeguards sys-
tem—e.g., in terms of access to confirm absence of significant
nuclear activities, or availability of import/export information—
and every effort must be made to improve the situation.
Nonetheless, in terms of safeguards implementation in states
known to have significant nuclear activities,1 the situation is more
positive—APs have now been ratified or signed by three-quarters of
such states. Most of these can be expected to qualify for IS.

Already more than 90 percent of all nuclear facilities subject
to comprehensive safeguards are in states that have at least signed
an AP. When the EU members ratify their APs—expected shortly,
perhaps before this paper is published—over 70 percent of
nuclear facilities under comprehensive safeguards will be in states
with APs in force. IS should be in widespread application within
the next two to four years.

Challenges in the Development of 
Integrated Safeguards
The development of IS faces two major challenges: 
1. How to adjust safeguards intensity for state circumstances, to

ensure the realization of efficiency gains—through reducing
routine inspection effort—without compromising effective-
ness—the validity of the assurance delivered by the safeguards
system.

2. Closely related to the first point is—how to effectively
address the issue of undeclared nuclear activities. This issue—
of critical importance to the credibility of the safeguards
system—has been highlighted by the illicit spread of centrifuge
enrichment technology.

While detection of undeclared activities might seem prima-
rily an issue for states outside IS—states that do not conclude an
AP or do not qualify for IS—such a perception would be
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incorrect. As will be discussed, IS must be developed with suffi-
cient robustness to deal with the possibilities of: (a) a state quali-
fying for IS that has undeclared activities that at that time have
escaped detection; or (b) a change in a state’s commitment to
nonproliferation some time after qualifying. Safeguards are built
on the maxim “trust but verify”—under IS trust increases, but
effective verification is still necessary—it is a question of finding
the right balance. 

Tailoring Safeguards Effort to 
State-Specific Circumstances
A feature of the traditional safeguards system is uniformity—
inspection activities at similar facilities in different states are
similar, with limited differentiation between states. This has
resulted in a substantial safeguards effort being concentrated in a
few states, driven primarily by quantities of nuclear material and
numbers of facilities. IS is intended to redress this situation. A key
principle of IS is that safeguards implementation is to be based on
a specific state-level approach—an approach developed to reflect
factors pertinent to the state concerned. 

Safeguards implementation under IS, generally speaking, is
less rigorous than under traditional safeguards—some timeliness
goals are extended, in some cases lower detection probabilities
apply, and—most importantly—not all facilities are inspected: IS
provides for some inspections to be performed on a sample of facil-
ities (e.g., interim inspections are to be performed at only 20
percent of light-water reactors [LWR]). Beyond these savings, how-
ever, it is also intended that the safeguards effort in the state will not
simply be an aggregation of the standard facility approaches, and
that adjustments will be made for state-specific factors. 

How will a state-level approach be determined? Provision to
take account of state-specific factors is already made in INFCIRC/
153, paragraph 81—albeit currently applied only to a limited
extent—fuel cycle characteristics, international interdependence,
verification of flows, and effectiveness of the SSAC (state system
of accounting and control). These are developed further in the IS
Conceptual Framework, which refers to:
1. The nature and scope of the state’s nuclear fuel cycle and

related activities including:
a. The structure of the nuclear fuel cycle, from uranium

mines to nuclear waste
b. The number and types of nuclear facilities and LOFs

(locations outside facilities) and associated activities
conducted on nuclear sites

c. The safeguards relevant characteristics of the facilities
and LOFs

d. The inventory and flow of nuclear material within and
between facilities

e. Fuel cycle-related research and development
f. The manufacture and export of sensitive nuclear-related

equipment and materials

g. The correlation of all the above information
2. The possibility for use of advanced safeguards technology in

the state
3. The possibility for effective use of unannounced inspections

in the state
4. Increasing cooperation between the IAEA and the state/

regional safeguards system.
It remains to be seen how the state-level approach will work

in practice—IS have not yet been applied in states with large fuel
cycles. For some time development and refinement of state-level
approaches is expected to be an iterative process.

A potential problem in the current IS scheme may be lack of
sufficient flexibility—e.g., instead of the fixed value currently
provided for selection of facilities for inspection (e.g., in certain
cases 20 percent), it would be preferable to apply a range (say 10
percent to 30 percent), and to make it clear this range is only
indicative. Further, in many cases there appears to be no flexi-
bility—e.g., a PIV (physical inventory verification) is to be per-
formed at every LWR in a refueling year. 

Allowing for greater flexibility is one thing—establishing an
appropriate basis for applying flexibility is another. Factors of the
kind outlined above—technical factors related very directly to the
fuel cycle—may be too narrow to allow significant differentiation
between states. Without broadening the factors that can be taken
into account, there is the risk that ultimately IS will suffer from
the same problem as traditional safeguards, that the drivers of
safeguards effort will still largely be quantities of nuclear material/
numbers of facilities. 

Governments evaluate each other on a very broad range of
information, including: the way a state conducts its foreign rela-
tions; its military capability and posture; its alliances; its strategic
interests and circumstances (e.g., whether located in a region of
tension); its observance of treaty commitments; its past practice
in these areas; its public pronouncements; and so on. Many of
these considerations are regarded as political—yet many of them
give rise to objective indicators (e.g., military procurement), and
are capable of objective analysis.  

Is it possible to develop an objective, sufficiently rigorous and
politically acceptable process for considering some of these factors
in decisions on safeguards intensity? The idea of doing so should
not be dismissed out of hand; some broadening of the information
used in safeguards will be necessary if safeguards are to meet the
major objectives of greater efficiency and greater effectiveness.

Qualifying for Integrated Safeguards
Under the IS concept, either a state qualifies for IS—in which
case the optimization of safeguards measures applies—or it does
not—in which case INFCIRC/153 measures and AP measures
apply cumulatively.

For a state to qualify for IS, the IAEA must have reached
satisfactory conclusions under both traditional safeguards—that
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there has been no diversion—and the AP—that there are no indi-
cations of undeclared nuclear activities or material. In the case of
a state about which there are proliferation concerns, it is assumed
there will be significant questions and inconsistencies that cannot
be satisfactorily resolved, so the state will not qualify for IS.

Is this a valid assumption: will there always be significant
unresolved questions and inconsistencies? This very much
depends on the capacity of the information review and evaluation
process to identify questions capable of being tested by the IAEA
(e.g., through complementary access to specific locations). Mere
suspicion will not suffice. 

Safeguards planning must take into account the possibility
that at the time a state is being evaluated for IS no specific unre-
solved questions will be identified. There could well be political
pressure to qualify a state for IS even where there are concerns
about the prudence of doing so. This leads to the topic discussed
in the next section, how to ensure IS are sufficiently robust to deal
with a situation of this kind. 

It is to be hoped that states that do not qualify for IS will be
a small minority. It is likely a state-level approach will be needed,
not only for states under IS, but also for states that fail to qualify.
Rather than a simple accumulation of AP measures and INF-
CIRC/153 measures at routine intensity, safeguards intensity may
need to be increased for particular segments of the relevant acqui-
sition paths—but might be reduced in less relevant segments.
Paragraph 81 of INFCIRC/153 can be applied in either direc-
tion—not only to reduce, but also to increase safeguards intensity.

Thus, safeguards implementation outside the IS framework
will also involve development of an optimum combination of
measures—a combination specifically designed to address the
concerns relating to the particular state.

Ensuring Integrated Safeguards are Effective 
“Absence of evidence is not evidence of absence.” States may qualify
for IS simply because indicators of undeclared activities have not
come to light. Even for states that currently are exemplary
members of the nonproliferation regime, it must be recognized
that over time political commitment can change. Thus, it is essen-
tial for IS to be sufficiently robust to provide the assurance needed
by the international community. 

This requires action at a number of levels:
• The state-level approach—tailoring an approach to the cir-

cumstances of the particular state. As discussed earlier, it is
essential that IS move away from the uniformity of tradi-
tional safeguards, and that safeguards intensity is based on
expert judgment taking proper account of all relevant cir-
cumstances. This will mean significant differentiation
between states—and the possibility of significant adjustment
from time to time for a particular state—i.e., the safeguards
approach for each state should be subject to regular review
and adjustment as questions arise (or as assurance increases).

• Ongoing development of safeguards procedures—particularly
greater use of unpredictability in inspection timing and selec-
tion of facilities for inspection (e.g., through unannounced
inspections). As a further development of unpredictability,
the concept of infrequent intensive verification may be of
particular value. As an efficiency measure, this concept
would involve trading-off additional reductions in routine
inspection efforts against acceptance of occasional unpre-
dictable intensive inspections. As an effectiveness measure,
the concept could be used to revalidate the reductions in
routine inspections introduced under IS.

• Development of new detection methods for undeclared activi-
ties—particularly identification and detection of indicators
for centrifuge enrichment activities. This is an area where
close collaboration between states having relevant technical
expertise and the IAEA is especially important.   

• Building on information collection and analysis skills—and
broadening the range of information taken into account in
judgments on appropriate safeguards intensity (discussed
above). Also important is information-sharing—a greater pre-
paredness of states to make information available to the
IAEA (e.g., intelligence information, and information on
dual-use exports). 

Implications for the IAEA
Safeguards implementation under IS will be very different from
traditional safeguards. The latter placed emphasis on uniformity,
a set routine for inspectors, and a quantitative system for evalua-
tion. Under IS, in addition to adaptability in developing state-
level approaches, the broadening of available verification
measures will require greater adaptability at the implementation
level—more options will be available to inspectors, there will be
less emphasis on routine inspection activities, and much more
emphasis on observation skills. Verification activities directed at
the possibility of undeclared activities will involve new ways of
thinking. 

Major change will also be involved in safeguards evaluation—
quantitative methods are not possible where qualitative judgments
are being made. Evaluation will need to develop along quality
management lines—was the state-level approach appropriate to
meet the safeguards objectives; was the approach implemented as
planned; if not, were appropriate alternatives taken, and what are
the implications for the safeguards conclusions?

A particular challenge will be caused by the need to differen-
tiate between states. This has to be done in a way that is accepted
as being objective and non-discriminatory.

Conclusions
After years of careful preparation for IS—development of the
conceptual framework and facility-level approaches, building up
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the necessary capabilities in information collection and analysis,
inspectors’ observational skills, etc.—the IAEA is now on the
threshold of the widespread introduction of IS. This is a very pos-
itive development—the great majority of safeguarded nuclear
material and facilities can be expected to be under IS within the
next two-to-three years. 

The extra workload during the evaluation/qualification
phase, however, will place considerable stress on the IAEA. States
must be prepared to assist where they can, and to show patience
and understanding during what will be a demanding period for
IAEA inspectors and management. In the general euphoria of
progressing IS, it must not be overlooked that effectiveness—capa-
bility for timely detection—remains the primary objective for
safeguards. And it cannot be assumed that simply because states

qualify for IS the IAEA’s capability for detection of undeclared
activities, and for that matter diversion, becomes less important.  

This is an exciting and challenging period for safeguards
practitioners, one that will define the safeguards system and the
state of the nonproliferation regime for years to come.

Note
1. The IAEA definition of a state with “significant nuclear

activities” is a state having any amount of nuclear material in
a facility or location outside facilities (LOF) or nuclear
material in excess of the exemption limits in INFCIRC/153
paragraph 37.

Journal of Nuclear Materials Management Summer 2004, Volume XXXII, No. 434



Abstract
More than four years ago, in February 2000, Germany completed
the necessary legal steps to prepare for the entry into force of the
Additional Protocol (AP). Together with the Euratom Safeguards
Office, as Germany does not have a domestic safeguards author-
ity, a series of actions was initiated and carried out to enable
German operators to understand and accomplish their new duties
under the AP.

Now, with the AP entering into force on April 30, 2004, it is
time to look ahead to shape the prospective integrated safeguards
system. As we hope and expect, the new integrated safeguards sys-
tem will be a thoroughly revised and optimized system that
grants the International Atomic Energy Agency (IAEA) the nec-
essary scope and flexibility to focus on areas of real concern and
to respond to alarming events in an adequate manner, such as sig-
nificant unresolved questions and inconsistencies, significant
anomalies, and safeguards implementation problems. Our expec-
tations with regard to the general structure of integrated safeguards
aim more at an event driven and less at a procedure driven system
like the present system.

Though Germany is phasing out of nuclear energy use for
electricity production, the related safeguards tasks are not phasing
out in the foreseeable future. About one-half of German nuclear
power plants have a license to use MOX fuel. Most of the power
plants build or intend to build on-site interim dry-storage facilities
for spent fuel. Therefore, a lot of work will have to be done
towards the implementation of concrete approaches and measures
under integrated safeguards in the German facilities. 

Introduction
In Germany, R&D activities in the safeguards field are the
responsibility of the Federal Ministry of Economics and Labor
(BMWA). Also, the BMWA is in charge of implementing the
Additional Protocol (AP).

From the beginning of a nuclear program in Germany, the
operative responsibility for safeguards in Germany has been com-
pletely assigned to the European Commission. Therefore,

Germany has no national safeguards office of its own. The respec-
tive departments of the European Commission execute these
tasks. Moreover, the operators of facilities subject to safeguards are
obliged to directly report to the safeguards department of the
European Commission (Euratom) under the Euratom Treaty, and
Euratom forwards the necessary reports to the IAEA. Euratom
deals directly with the organizations and operators concerned
without interacting with a state organization.

The specific protocol signed by the EU non-nuclear weapons
states is based on the Model Additional Protocol INFCIRC/540
and takes the EU specific situation of a single nuclear market and
the responsibility of Euratom into account, and, therefore, con-
tains a third annex. The last paragraph of this annex is of special
importance for Germany. According to this paragraph Germany
can transfer certain responsibilities under the AP to the EU
Commission. To a great extent, Germany makes use of this
option laid down in Annex III and has—like other member
states—entrusted the EU Commission with the implementation
of provisions under the AP. The German parliament has passed
two bills to establish the legal framework for the implementation
of the AP. The first bill, published in the official federal gazette on
February 7, 2000, covers the formal consent to the AP. The
second bill, published one day later, covers the implementation
regulations. 

The allocation of the duties resulting from the AP, i.e., which
provisions the EU Commission will be entrusted with and which
provisions will remain with the German government, is laid down
in the implementation law. For instance, all reporting tasks under
Article 2 of the AP are assigned to Euratom with the exception of
Article 2.a.ix (reporting on exports and imports of Annex II
items) and Article 2.a.x (the general plans for the succeeding
ten-year period). As a result, the implementation bill obligates the
facility operators to directly transfer to Euratom the relevant
information, and Euratom will collect, prepare, and finally sub-
mit this information to the IAEA. In the initial phase, BMWA
will support Euratom in carrying out this work and will execute
enforcement, where necessary.
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The History of Nuclear Activities in Germany

Research and development in the field of civil use of nuclear
energy was initiated in Germany in 1955, after the Federal
Republic of Germany officially had renounced the acquisition,
development, and possession of nuclear weapons and had become
a sovereign state. From the beginning, the research and develop-
ment program was based on a broad international cooperation and
included the construction of several prototype reactors, the elabo-
ration of concepts for both a closed nuclear fuel cycle and the final
storage of radioactive waste in deep geological formations. 

The following year, four nuclear research centers were
founded and many universities were equipped with research
reactors. In 1958, the first German nuclear power plant, the 15-
MWe experimental nuclear power plant (VAK) in Kahl, was
ordered from General Electric and AEG. It went into operation
in 1960. Another reactor concept was the 15-MWe high-temper-
ature pebble-bed reactor (Arbeitsgemeinschaft Versuchsreaktor
(AVR)  in Jülich, which went into operation in 1967. 

A period of intensive activities in research and development
of different reactor types began and the construction of large
capacity units for industrial power production started. In 1969,
Siemens and AEG founded the Kraftwerk Union (KWU) by
merging their respective nuclear activities. Here, the development
of German pressurized water reactors began, and it ended after
several steps with the standardized 1,300-MWe PWR, the convoy.
The last nuclear power plants built in Germany were three of
these convoy-type plants, which started operation in 1988.

In the Federal Republic of Germany, one demonstration
prototype of each was built for the high-temperature reactor
(THTR-300) and the fast-breeder reactor (SNR-300) with a
capacity of 300 MWe each. The THTR-300 in Hamm-Uentrop
reached criticality in 1983, and was shut down for decommis-
sioning in 1988 having achieved 220 days of full-load operation
only. The SNR-300 project in Kalkar was terminated in 1991
without reaching criticality.

In the former German Democratic Republic, a nuclear
research center was set up in 1959 with a research reactor of Soviet
design. A 70-MWe prototype reactor went commercial at
Rheinsberg in 1966, and four PWRs of the WWER type with 440
MWe each followed in the 1970s at Greifswald. All reactors were
shut down after the German Reunification in 1990. Six more units
under construction were discontinued.

Starting in the 1970s, at the latest after the Harrisburg acci-
dent in 1979, and then finally after the disaster of Chernobyl in
1986, skepticism about nuclear energy grew in parts of the
German population and led to massive protests against nuclear
projects. In the following years, this contributed to a decrease in
the engagement of the German government and industry in
nuclear activities.

After the general elections in September 1998, the new
German government declared its intention to phase out the use of
nuclear energy for electricity production and to terminate gov-

ernmental funding of R&D activities in this field. An arrange-
ment between the government and the power utilities was
achieved on June 14, 2000, (signed on June 11, 2001), paving the
way for the gradual closing down of the currently operating
nuclear power stations. 

Part of this arrangement is the clear obligation that the
dynamic damage precaution according to the state-of-the-art in
science and technology required by law, and thus also the inter-
nationally required high level of safety have to be maintained during
the remaining operating lives of the nuclear power plants. This
justifies at least R&D in the nuclear safety field.

The Present Status of Nuclear 
Installations in Germany
Currently, nineteen nuclear power plant units are in operation
at fourteen different sites. Altogether, twenty-two nuclear power
plants have been decommissioned or abandoned as projects during
the construction phase. Of these, fourteen units were closed down
for decommissioning after operating lives between 0.5 and
twenty-five years. They are currently being dismantled with the
aim of complete removal or prepared for safe enclosure, or they
are safely enclosed. The majority of these reactors are low-power
reactors from the early days of nuclear energy use. Two more
nuclear power plants already have been dismantled completely,
and the respective sites have been recultivated and became a green
meadow.

The other nuclear installations are research reactors, facilities
of the nuclear fuel cycle, and facilities for the treatment and final
disposal of radioactive waste. A uranium-enrichment plant at
Gronau and a fuel-fabrication plant for LWR fuel elements at
Lingen are in operation. The former NUKEM and HOBEG fuel
fabrication plants, for research reactor fuel and for THTR/AVR
fuel, and the former Siemens uranium and MOX fuel fabrication
facilities at Hanau as well as the pilot reprocessing plant at
Karlsruhe (WAK) are under decommissioning up to complete
dismantling. The licensing procedure for the pilot spent fuel
conditioning plant (PKA) at Gorleben was completed in
December 2000 with the granting of the third partial construc-
tion license including the operation license. According to the
arrangement between the government and the power utilities of
June 14, 2000, the use of the plant shall be limited to the repair
of defective containers.

The government, Euratom and the industry associations
concerned have undertaken efforts, since the signing of the AP, to
inform the facility operators about and to support them in fulfilling
their new obligations and thus to make sure that all parties
involved are well prepared for the entry into force of the AP,
which occurred on April 30, 2004. We are now, together with
Euratom, working on the declaration according to Article 2 of the
AP, which has to be transmitted to the IAEA before the end of
October 2004. 
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Due to the complex history of Germany’s nuclear activities,
it will take the IAEA some time to analyze the information and
start the development and implementation of an integrated safe-
guards approach for Germany.

Reflections on the Role of the IAEA in
International Nonproliferation Efforts
From the beginning, the IAEA has always expanded its involve-
ment in international efforts to prevent the spread of nuclear
weapons. Finally, with its assignment as the monitoring agency of
the Nonproliferation Treaty (NPT), the IAEA became the most
important custodian of the international nonproliferation regime. 

The IAEA has concluded safeguards agreements with nearly
every country in the world that has more than negligible nuclear
activities. With now more than four decades of verification expe-
riences under quite different types of agreements, it has to be seen
as the most competent body the international community has at
its disposal to monitor and verify the compliance of contracting
parties in nuclear nonproliferation commitments. 

The IAEA has shown that it can master its verification tasks
even under quite hostile conditions, with its participation in the
UNSCOM and UNMOVIC operations in Iraq. It seems that
within these operations, the IAEA has acted in a professional and
efficient way, despite the adverse working conditions. It has
learned many lessons about the difficulty of conducting effective
and efficient verification in face of deliberate and systematic
deception and political machination. 

New verification demands may arise from future develop-
ments in nuclear arms control. Fissile material released from
defense programs and assigned to civil use will need to be put
under safeguards to assure that it remains irreversibly removed
from nuclear weapons programs. The Trilateral Initiative illus-
trated this. Further verification demands may result from the
efforts to ban the production of fissile material for nuclear
weapon purposes. Once these efforts lead to an agreement, these
commitments will have to be verified and, in our view, the IAEA
has to be seen as the first choice to whom which this task is
assigned.

One of the preconditions to successfully carry out a verifica-
tion task is a strong and lasting political support of the verifying
organization. The effectiveness of verification is not only deter-
mined by the monitoring techniques and technologies but also
largely by the amount of political support given to the verification
system. This is a task the IAEA member states have to accept and
to sustain. 

The IAEA, too, can contribute to maintaining this support.
Besides the fostering of political and public stakeholders and good
public relations work, an efficient and flexible management and
an economical handling of resources are essential to keep the public
awareness of being the custodian in the international nonprolifer-
ation regime. 

Principles to be Applied to 
Integrated Safeguards
Developing and applying safeguards against the misuse of nuclear
material has always been a major part of the IAEA’s activities. The
development of the present safeguards system has been an evolu-
tionary process, in which integrated safeguards now is the most
recent development stage. We think that this stage is still evolving
and has not yet reached its final shape. 

The AP provides the IAEA with a set of new tools to over-
come drawbacks that were recognized in the classical safeguards
system. But the AP is not just an additional layer to be superim-
posed on top of the current safeguards measures. It has a much
greater potential—the potential to allow a profound change in
the safeguards culture. We feel that there is a need for this change
in culture and that the opportunity now given by the AP should
not be missed. 

The AP allows for the design of a cooperative safeguards
system. The basic assumption here is that the vast majority of the
contracting parties will try to comply with their commitments
because they share the underlying nonproliferation goals and
understand the necessity of the burden assigned to them and that
only a few parties in the world might misbehave and violate the
commitments. 

The general characteristics of such a cooperative safeguards
system approach follow the principle of openness and transparency:1

• Reporting and disclosing of relevant information by the
states to document compliance with the safeguards obligations

• Routine evaluation and cross-check with other available
information by the IAEA to conform or question the cor-
rectness and completeness of disclosed information 

• Actions to resolve inconsistencies and clarify suspicious
situations
The AP provides for exactly such an approach. A cooperative

system approach would allow eliminating another drawback of
the classical safeguards system, the mechanistic application of
resources on a proportional basis according to the amount of
nuclear material present in a state. The yardstick to apply inspec-
tion effort in a cooperative system should be no longer the
amount of nuclear material but the lack of openness and trans-
parency. 

In the classical safeguards systems, inspections were required
to gather information about compliance. They were the main tool
used to gather the information needed to allow a judgment
whether the material present conformed in its quantity and attrib-
utes to the material declared. The AP has now broadened the
scope and allows consulting a wide range of diverse information
to make this judgment. 

If we assume that 99 percent of the material under safeguards
is held by states that comply and actively pursue the nonprolifer-
ation goal and the remaining 1 percent is held by misbehaving
states, what sense does it make to tie the number of inspections to
the amount of nuclear material in a state? It would be a waste of
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99 percent of the inspection resources. The risk of non-compli-
ance is not related to the amount of material; it must be attrib-
uted to a variety of other factors or even unknown reasons.
Inspection efforts would be much more efficiently used to investigate
and clarify situations where there is any doubt about compliance.

If we look at the most recent cases where doubts about the
compliance with the nonproliferation commitments became
public, namely North Korea, Iran, and Libya, the doubts were not
generated as a result of inspections but through announcements
made by the states themselves and through national technical
means. This underlines that the inspections should be primarily
used to investigate unclear situations and be used less as a tool to
gather basic information in a non-specific manner. One of the
limiting factors in the current framework of integrated safeguards
is the role of inspections within the verification process.

In a broad definition, verification can be seen as any process
that is used to assess compliance with obligations. We all hope
and expect that the synthesis of the evaluation of diverse sources
of information will be capable to take on the base load of the
verification process and will allow for a clearer picture of a state’s
activities with regard to non-proliferation. We should not cement
the function of inspections in IS as to be the same as in classical
safeguards. We should not in any case insist on an annual PIV
(physical inventory verification) and a fixed number of inspec-
tions for the reason of continuation of the classical safeguards
approach. It took about ten years after the start of Program 93+2
to reach the first implementations of IS, and we should, therefore,
not unnecessarily hamper the future evolution of integrated safe-
guards making the role and number of inspections into dogma.

Once the IAEA has evaluated the records of a country and
come to the conclusion that integrated safeguards can be applied,
in our opinion only a fraction of the available inspection resources
should be spent on a routine basis to carry out traditional inspec-
tion activities or to check the information given in the expanded
declarations required under the AP to maintain the validity of the
compliance conclusion. 

The remaining resources should be devoted to investigative
actions to resolve inconsistencies and clarify suspicious situations.
This, in our view, is the most efficient use of inspection resources.
These investigative actions, too, should be conducted in a
cooperative and transparent manner. The IAEA should inform
the state about the reasons for concern and try to find a way to
resolve the problem or clarify the situation. As the vast majority
of parties will try hard to demonstrate treaty compliance, a
consensual solution will be found in most cases. In the other
cases, the investigations will be increasingly intensified, until the
problem is resolved or the evidence of noncompliance is provided,
which is needed for an effective response by the United Nations
Security Council.

Such an approach would not be discriminatory. The rules
applied are identical for all states, and so are the procedures to
evaluate information. Differences are based on different results of

the assessment. As long as we can assume that the IAEA acts as an
impartial institution, differences in the application of verification
measures are based on facts and not on prejudices.

The transition from the currently procedural system, where
the amount of nuclear material is the main factor for the alloca-
tion of inspection resources, to an event-driven system, where the
level of concern controls the resource allocation, is a fundamental
change in the safeguards culture. It provides the flexibility the
IAEA will need to manage the transition to integrated safeguards
and to be prepared for additional verification tasks it may be
confronted with in the future. We do not expect that this change
in culture will be realized immediately but we expect that these
prospects for the future be not spoiled today through too rigid
boundary conditions set in the conceptual framework for inte-
grated safeguards.

Another pillar of the AP, in addition to the broader range of
information on nuclear activities and more access to nuclear sites,
is the use of advanced techniques and technology. The provisions
of the AP foresee the use of such advanced safeguards technology
as the remote transmission of safeguards data from unattended
containment and surveillance (C/S) devices or measurement
devices. In Germany, about one-half of the reactors have a license
to use MOX fuel. In order to avoid transport of spent fuel over
long distances to away-from-reactor storage facilities, most of the
German power plants build or intend to build on-site interim
dry-storage facilities for spent fuel. Although ready-made
advanced solutions for both cases, i.e., the presence of fresh MOX
fuel and the transfer of spent fuel from the reactor pond to on-site
dry-storage facilities, are not yet in sight, we hope that advanced
techniques will be available to facilitate these tasks when inte-
grated safeguards are implemented in Germany.

Conclusion
After extensive activities in the nuclear field in the past, Germany
has made the decision and taken the first steps to phase-out the
use of nuclear energy for electricity production and to termi-
nate governmental funding of R&D activities in this field. An
arrangement with the power utilities was achieved, paving the
way for the gradual closing down of the nuclear power stations
currently operating.

Nevertheless, the implementation of integrated safeguards in
Germany will remain a demanding task. What we expect from
integrated safeguards is not less than a fundamental change in the
culture of present safeguards: the transition from a procedural
system to a cooperative, event-driven system. The allocation of
inspection resources should no longer be based on the amount of
nuclear material under safeguards but on the lack of openness and
transparency the IAEA is faced with in the state party to the NPT.
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Abstract
The IAEA’s safeguards system is a fundamental pillar of the nuclear
nonproliferation regime. The existence of credible international
safeguards is more important today than ever. In essence, interna-
tional safeguards constitutes a system of confidence building. This
concept indicates that the system must be based on international
cooperation and it must stand on technical independent compe-
tence, expert judgment, and a nondiscriminatory basis, and it
must be widely endorsed by the international community.

In recent years, the International Atomic Energy Agency
(IAEA) in cooperation with its member states, has significantly
progressed in designing and implementing integrated safeguards
(IS). A Conceptual Framework to combine safeguards measures
and technologies has already been established and the IAEA is
giving priority to the completion of IS approaches for generic
facility types and at the state level.

There is a broad range of views and expectations of what IS
should be. In general, it is recognized that IS provides a unique
opportunity to design at the state level a strengthened and more
efficient safeguards system. It is also recognized that IS allows for
the greatest degree of adaptation and reduction of traditional safe-
guards measures and that safeguards implementation and evalua-
tion should be less prescriptive and rigid in comparison to today’s
approach. Another important aspect of IS is the role of review and
evaluation by the IAEA of all relevant information in drawing
safeguards conclusions. The existence of a well-understood,
transparent, and objective methodology to perform this activity is
of fundamental importance to maintain the credibility of the
verification system. 

The introduction of modern technologies coupled with the
intensification of the use of short notice, unannounced inspec-
tions, randomization, and unpredictability together with the
increasing cooperation between the IAEA and the State Systems
of Accounting and Control or Regional Systems of Accounting
and Control of nuclear materials (SSAC or RSAC) are important
elements of this new safeguards system.

This paper discusses a number of issues and expectations
surrounding IS, in particular the analysis of the current state of
the development of IS, the expectations of what IS should be, and
the challenges that still need to be addressed.

Important Considerations for the 
Future Development of IS
In the area of strengthened safeguards, a Conceptual Framework
for Integrated Safeguards to combine safeguards measures and
technologies in an efficient and effective manner has already
been established. The International Atomic Energy Agency
(IAEA) has completed integrated safeguards (IS) approaches for
generic facility types and has developed and implemented IS at
the state level for those that have an Additional Protocol (AP) in
force and for which the IAEA has drawn the first conclusion on
the completeness and correctness of their declarations.

Yet there is a broad range of views and expectations of what
IS should ultimately be. Perhaps, one of the most noteworthy
issues still being debated is the definition of IS at the state level
and the idea that under this approach further consideration
should be given to the possibility of implementing safeguards in
a different manner in states with the same safeguards obligations
and similar fuel cycle facilities without affecting the nondiscrimi-
natory principle that governs international safeguards. 

Before discussing this particular expectation, it could be
useful to highlight some commonalities from the different views
and expectations surrounding IS:
• IS provides a unique opportunity to design a strengthened

and more efficient safeguards system at the state level.
• Under strengthened and integrated safeguards, the impor-

tance of the review and evaluation of safeguards relevant
information by IAEA is also acknowledged. The existence of
a well-understood, transparent, and objective methodology
to perform this activity is of fundamental importance to
maintain the credibility of the verification system. 
Under strengthened and integrated safeguards the need to

fully respect the principle of nondiscrimination of international
safeguards for states with the same safeguards obligations is vitally
important.

A Review of IS Principles:
Proposal of a New Approach
The design of IS has been mainly based on a bottom-up approach.
A great effort has been devoted to the definition of new safeguards
approaches for generic facilities as the basis from which states’
factors would be added for each individual state. In addition to
this effort, guidelines to design specific state-level approaches to
ensure consistency among states have also been developed.
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Although this direction might not fully satisfy the expecta-
tion of some, people believe IS offers the possibility of building
up the system from the state-level perspective, it should be recog-
nized that this approach has made this complex task easier and in
principle, although it is a bit early to say, the existing framework
should not prevent this broader perspective to be fully reflected in
the design of IS states approaches. 

However, it is still pertinent to stress that the emphasis being
given to the facility level should not undermine the importance of
a broader perspective. Therefore, at this juncture, IS conceptual
framework, approaches, guidelines, and criteria should be further
developed in a way to ensure that such perspective is not lost in
the implementation of IS in each individual state. In order to
assess the extent to which fuel cycle and other objective charac-
teristics of states have been duly considered, it is important that
the methodology applied to design state-specific IS approaches
contains the necessary flexibility to ensure their inclusion.

Thinking in terms of a possible far-reaching evolution of IS
that further considers the assurances provided by the strengthening
measures over time, the growth of nuclear energy worldwide, and
the existence of limited resources to apply to safeguards, it is
important to keep IS concepts under review as experience in its
implementation is gained.

In fact, through the consideration of certain principles and
guidelines contained in the above-mentioned Conceptual
Framework in a broader sense, it should still be possible to further
develop IS from the state perspective rather than on the generic
facility concept. 

It could be helpful to provide few examples of what could be
a broader interpretation of certain principles. For instance, the
principle related to the coverage of all plausible acquisition paths
by which a state might seek to acquire nuclear materials for a
nuclear explosive device states that when an acquisition path
involves undeclared activities and diversion of declared nuclear
material, IS for a state should be designed to cover both; such
coverage will include verification measures on nuclear material in
declared activities. At present, the way this principle and others are
understood seems to give too much emphasis to each specific facil-
ity and the diversion scenarios associated with such facilities.

However, this principle can be interpreted in a broader sense
and therefore consider the Model IS Approaches for Specific Facilities
as general guidelines rather than a requirement in each particular
facility or group of facilities. Such an approach would allow taking
into account the fuel cycle and other objective characteristics of
states, so that safeguards verification activities and their technical
goals regarding declared nuclear material could be achieved by veri-
fying sectors of the fuel cycle without sacrificing safeguards effec-
tiveness. This implies that in a given year the IAEA would select
some facilities for inspection and the next year, it would select oth-
ers. This interpretation would not undermine the importance of
nuclear material accountancy and other equally important princi-
ples. Unpredictability and randomization could be important tools.

The review of IS concepts should also include an assessment
of the impact of some conditions or principles set forth in the
model IS approaches for specific facility types (e.g., the require-
ment that the verification effort should allow the IAEA to re-
establish nuclear material inventories at traditional time periods or
the requirement of keeping containment and surveillance at cer-
tain facilities).

Among the benefits of following this approach we note are
that IS would be designed and perceived in a broader perspective
than the facility level one. It would avoid keeping some measures
at declared facilities to satisfy a too rigid interpretation of certain
principles and it would allow the concentrating of inspection
activities and resources more selectively. 

In addition, this review would facilitate the adaptation of IS
to respond to changes in technology, to be kept abreast of modern
techniques, and to adequately address some of the new initiatives
that are being discussed by the international community in the
field of nonproliferation that could have an impact on the imple-
mentation of safeguards.

Implementation of International Safeguards:
Is it Possible to Differentiate Without
Discriminating?
As said before, one of the issues still subject to debate is that under
IS further consideration should be given to the possibility of
implementing safeguards differently at similar fuel cycle facilities
in different states without affecting the nondiscriminatory principle
governing international safeguards for states having the same
safeguards obligations.

The Conceptual Framework for IS has already been designed in
a way to ensure consistency in the implementation of IS in states
with similar facilities and to provide some flexibility to take into
account specific features of states with the aim of ensuring maxi-
mum safeguards effectiveness and efficiency. This approach ensures
the fulfillment of the principle of nondiscrimination: the safeguards
approach for all facilities of a given type will be the same in any state
where integrated safeguards is being applied, but the specific meas-
ures used in such an approach may differ according to any state-
specific factors considered relevant for the integration of safeguards.

In designing IS for specific states under the current frame-
work, the IAEA will apply its experience and expert judgment to
make full use of the objective features of a state to ensure the
maximum safeguards effectiveness and efficiency. In doing so, the
implementation of IS at similar facilities will differ from one state
to another under certain boundary conditions. 

In addition to what the IS framework already envisions for
the adaptation of generic facility approaches to state-specific
factors, some audiences would favor another step in the direction
of further differentiating between states without affecting the
above-mentioned principle by giving more prominence to the
states’ factors and to the information review and evaluation process.



As noted before, IS approaches for generic facility types seem
to be too predominant in the development of IS, so there is a legit-
imate concern that at the end the flexibility built into the existing
framework will not be exploited fully. In fact, the extent to which
such flexibility will be reflected in specific state approaches, in par-
ticular those with significant nuclear activities, remains to be seen.
We could end up with a product very similar to traditional safe-
guards in which approaches and criteria for declared nuclear mate-
rials and activities are implemented rather rigidly. 

There are also other views that favor the consideration of
other factors of the states in addition to the ones already identified
(e.g., the state’s political and social infrastructure: openness of the
society, legislative framework, etc.). This more complex idea
would require the definition and agreement of the factors that can
be considered relevant for the implementation of IS and it would
also need a clear, objective, and well-known methodology to
evaluate them in designing IS states approaches. The discussion of
such an idea would make sense only in an environment in which
all states undertake the same safeguards verification commitments
and standards.

Considering the present state of the development of IS, it
seems reasonable to fully exploit the flexibility built into the
existing framework to give more prominence to the objective
factors such as those described in Article 81 of INFCIRC/153
and of the state evaluation in designing the state-specific
approaches. The review of the framework for IS would allow
further adjustments to these approaches as experience is gained.
Nondiscrimination would be maintained by applying the same
safeguards goals and the same evaluation methodology and criteria
for all states.

This approach would permit the IAEA to further use the
information available to it and to define different verification
efforts to similar facilities in different states with the same safe-
guards commitments, without affecting the nondiscrimination
principle and it would facilitate the further adaptation of IS for
specific states, a better use of existing resources, and ultimately a
more responsive and effective safeguards system. 

The Role of Increased Cooperation with State Systems 
of Accounting and Control of Nuclear Materials
Increased cooperation with SSACs (state or regional systems of
accounting and control of nuclear material) is one of the measures
identified in Part I of Program 93+2 to improve safeguards effi-
ciency and effectiveness. This measure is based on the understand-
ing that increased cooperation with SSACs could bring further
efficiencies while maintaining or improving safeguards effective-
ness for both traditional and integrated safeguards. The IAEA
Board of Governors approved Part I measures in 1995 with the
understanding that they can be applied under existing safeguards
agreements. Although the IAEA has taken various steps to define
guidelines for increasing cooperation with SSACs, there is a valid
perception that this is an area that still needs to be addressed in a

more comprehensive and systematic manner.
In recent years, the IAEA Secretariat has developed a frame-

work for enhanced cooperation with SSACs and it has carried out
studies in cooperation with member states to progress toward
increased cooperation with such systems. The increased coopera-
tion is also one of the important elements of IS approaches for
generic facility types and is one of the state factors that will
certainly influence the design of IS approaches for specific states.

Given the impact in both effectiveness and efficiency that
increased cooperation with SSACs can bring to IS, it is important
to further progress in defining the framework through which this
cooperation could be expanded to the maximum extent possible
based on the technical capabilities of the SSACs, on a broader
interpretation of the phrase “findings of the SSAC” referred to in
Article 7 of INFCIRC/153, and on the review of the current
approach to other related provisions of this model agreement, in
particular Article 81.

IS offers the greatest scope for reducing the intensity of the
verification effort on declared nuclear material and activities at
the state-level due to the assurances on the absence of undeclared
nuclear materials and activities. In this context, further coopera-
tion with SSAC could bring additional efficiencies and to
improve safeguards effectiveness at the facility level. Under an IS
state approach it should be possible to increase the cooperation
with SSAC, including the use by the IAEA of SSAC’s inspection
results in lieu of its own verification activities. A key point is to
define “the minimum verification effort” the IAEA judges it has
to exercise on its own to draw appropriate conclusions in connec-
tion with declared nuclear material and activities. In doing so, the
increased assurance provided by strengthened safeguards measures
should be fully taken into account. 

On a case-by-case basis, this would imply a further reduction
of the verification effort the IAEA would perform on its own for
declared nuclear materials and facilities in a specific IS state
approach without hampering the overall safeguards effectiveness.
This would also permit the IAEA to focus its verification effort
more selectively.

Conclusions
This paper has the main objective of offering some views to the
process of reflection that is taking place in the context of the
development of integrated safeguards.

There is a legitimate expectation that IS is developed in a way
to ensure maximum effectiveness and efficiency at the state level.
This is an area that requires further attention since IS offers a
great opportunity to build up a new safeguards system that
enjoys consensus. A periodic review of the current Conceptual
Framework for IS needs to be conducted to ensure the maximiza-
tion of safeguards effectiveness and efficiency.

The further use of modern techniques, procedures, and con-
cepts as well as an enhanced role of containment and surveillance
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will also contribute to improving the effectiveness and efficiency
of IS.

Fully respecting the principle of nondiscrimination of inter-
national safeguards in states having the same safeguards obliga-
tions is vitally important. Having in mind the present state of the
development of IS, differentiation of safeguards implementation
in similar facilities in different states with the same safeguards
obligations should be pursued further by taking full account of
the objective factors of specific states. Adjustments should be
made as experience in implementing IS is gained.

The potential benefits of increasing cooperation with the
SSAC to the maximum extent possible, including the use of the
inspections results and any other relevant data and activities that
a technically competent SSAC can provide should be fully con-
sidered in designing IS approaches for states.

Sonia Fernández Moreno has worked for more than twenty years at
the Atomic Energy Commission and the Nuclear Regulatory Authority
of Argentina in the areas of the SSAC, international safeguards, and
nuclear nonproliferation. At present, she is a senior advisor of the ARN
Board of Directors. She has written several papers and has served as an
expert in a number of technical and consultant meetings in the field of
safeguards, physical protection, and nonproliferation.

She has been a member of the Argentinean delegation to the IAEA
Board of Governors and the IAEA General Conference. She is the
alternate delegate for the Commission of ABACC (policy-making organ)

and a permanent member of the Ad Hoc Expert Group that advises
ABACC’s Commission. Since 1992 she has been a member of the
IAEA Standing Advisory Group in Safeguards Implementation
(SAGSI). She has a degree from the Catholic University of Argentina
in international relations and political sciences.

References
1. 2001. GC(45)/23-17 General Conference—Strengthening

the Effectiveness and Improving the Efficiency of the
Safeguards System and Application of the Model Additional
Protocol.

2. Goldschmidt, Pierre. 2001. Foreword. Journal of Nuclear
Materials Management, Volume XXIX, Number 4.

3. Moreno, Sonia Fernández. 2001. Integrated Safeguards:
Conceptual Framework and Scheme of a State-Level
Approach. Journal of Nuclear Materials Management, Volume
XXIX, Number 4. 

4. 1972. INFCIRC/153 (Corrected)—The Structure and
Content of Agreements Between the Agency and States
Required in Connection with the Treaty on the
Nonproliferation of Nuclear Weapons.

5. The Safeguards Systems of the International Atomic Energy.
IAEA Web site, http://www.iaea.org.

6. 2002. IAEA Safeguards Glossary, Revised.

Journal of Nuclear Materials Management Summer 2004, Volume XXXII, No. 4 43



Introduction
The Nonproliferation Treaty (NPT), which enjoys worldwide
support and has played a central role in limiting the spread of
nuclear weapons, is now facing unprecedented challenges. These
include the discovery of Iraq’s clandestine nuclear weapons pro-
gram more than a decade ago and, more recently, developments
in the DPRK and Iran and revelations about A.Q. Khan’s nuclear
black market. The international community and the Inter-
national Atomic Energy Agency (IAEA) have made considerable
progress in strengthening international nuclear safeguards, but we
must do more to address these new challenges.

Universal adoption of the Additional Protocol (AP) is a key
step that NPT parties can take to strengthen the international
nuclear safeguards regime to meet the proliferation challenges of
the 21st century, in particular the threat posed by undeclared
nuclear activities. The United States has stressed the importance
of the widest possible adherence to the AP. On February 11,
2004, President Bush proposed several major initiatives to address
systemic weaknesses in the nonproliferation regime. Among those
initiatives, the president proposed that, “Only states that have
signed the Additional Protocol be allowed to import equipment
for their civilian nuclear programs.” He added that, “Nations that
are serious about fighting proliferation will approve and imple-
ment the Additional Protocol.” Shortly after the president’s
speech, the U.S. Senate gave its overwhelming consent to ratifi-
cation of the U.S. Additional Protocol.

As APs come into force, the IAEA is transitioning to a new
system: integrated safeguards (IS). The United States will con-
tinue to support the IAEA in this transition. In so doing, we will
stress the need to carefully analyze and identify the most effective
technologies, procedures, and methods to strengthen safeguards.
This paper describes U.S. views concerning some of the key issues
that the IAEA will need to address in order to make the transition
to integrated safeguards successfully. In addition, it will describe
U.S. programs supporting the development of this new system.

Integrated Safeguards Objectives 
The United States seeks a safeguards system that is effective, effi-
cient, and flexible. As the IAEA Director General has noted, it is
important that safeguards “be driven primarily by considerations
of effectiveness and not by cost considerations.... It is vital that
safeguards approaches continue at all times to be technically
sound and not be compromised by financial constraints.”1 For
safeguards to be effective, the IAEA must have the flexibility to
apply resources appropriately as problems arise, while at the same
time maintaining existing credible and effective safeguards world-
wide. In order for integrated safeguards to be politically accepted
and sustainable, it is important that the new system of safeguards
be universally applied.

Integrated Safeguards Principles
EEffffeeccttiivveenneessss::  To be effective, integrated safeguards should: (a)
retain nuclear material accountancy as a safeguards measure of
fundamental importance; (b) be based on a comprehensive
approach for the state as a whole; and (c) be designed to provide
coverage of all plausible acquisition paths. The United States has
repeatedly stressed that to remain credible, safeguards at declared
facilities cannot rely entirely on a conclusion of the absence of
undeclared activities—safeguards at declared facilities must
include effective detection capabilities able to address all plausible
diversion scenarios.

EEffffiicciieennccyy  aanndd  FFlleexxiibbiilliittyy::  Given the necessity of maintaining
effectiveness, the United States and other member states are pressing
the IAEA in the direction of more efficiency and flexibility.
Questions of efficiency and flexibility have been fundamental
elements of the recent safeguards reviews by the Office of Internal
Oversight Services (OIOS) External Review Panel and the
Standing Advisory Group on Safeguards Implementation
(SAGSI). Although the need for efficiency is undisputed, it is not
obvious how to go about it—even defining efficiency presents
some problems. (This is discussed in more detail below.) Even
more difficult is the concept of flexibility. What seems clear is the
desire to move away from a rigid system in which identical safe-
guards measures, and check-box evaluation procedures, must be
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applied to similar facilities regardless of facility- or state-specific
conditions. However, defining an alternative, more flexible
system, which retains effective and transparent safeguards, will
require a continuing development effort. 

Developing Efficient Safeguards
While effectiveness is the primary goal in strengthening safe-
guards, the driver for many of the recent efforts to review safe-
guards is the concept of efficiency: optimal utilization of the
IAEA’s resources. We believe that the IAEA will continue to be
resource-constrained despite the recent decision by member states
to increase its budget, and will need to spend its limited resources
carefully to achieve its objectives.  But the search for efficiency has
been hampered by significant shortcomings in the current system:
There is no real metric or measure of safeguards resource expen-
diture, and the IAEA does not have enough data on how and
where resources are expended. Recent efforts within the IAEA to
gather such data are commendable and should be accelerated. 

The metric generally used to describe IAEA inspection effort
is the person-day of inspection (PDI) as defined in INFCIRC/153.
While it is clear that an inspector’s time is a valuable, constrained
resource, the PDI is a notoriously poor measure of it. PDI
measures only time spent at inspection locations (when in fact
most of inspectors time is spent elsewhere) and even correlates
only loosely with that. 

It is important for the IAEA to develop a better model of
how resources are expended in the performance of its various safe-
guards functions. It makes more sense to search for efficiencies by
identifying where resources are being expended, and seeking
strategies for reducing those expenditures while maintaining effec-
tiveness, than to look at cutting back on safeguards effectiveness
goals, hoping that savings may accrue in the process. 

Elements of Effective and Efficient Safeguards Systems
Safeguards methodology has in fact been evolving in the direction
of more effectiveness and efficiency. Whereas historically safe-
guards depended on resource-intensive approaches that stressed
regular, periodic inspections to verify material balances, safeguards
now make more use of unattended and remotely monitored equip-
ment and randomly timed inspections. (Specific U.S. technical
support to the IAEA to develop and implement new safeguards
techniques and technology is described later in this paper.) At facil-
ities containing large quantities of direct-use material, such as repro-
cessing plants and MOX fabrication facilities, nuclear material is
monitored continuously through a combination of solution mon-
itoring systems, nondestructive assay (NDA) systems, and con-
tainment and surveillance (C/S). Many of these systems, with
appropriate controls, can be shared between the IAEA and the
operator or state system. Although such systems are not inexpen-
sive, it is clear that effective safeguards at such facilities without
intensive instrumental monitoring of the process would be pro-
hibitively manpower intensive, and probably less effective. 

At other types of facilities, we believe that effective and effi-
cient safeguards systems should be developed from a carefully
designed systems approach involving randomly timed inspec-
tions, unattended or remotely monitored NDA or C/S devices,
and enhanced reporting strategies (e.g., mailbox declarations).
The mix of these elements may be state- or facility-specific and
would depend on the specific diversion scenarios to be covered
and the tools available in the particular circumstance. 

It is becoming clear that the unpredictability inherent in
randomly timed inspections (whether short-notice or unan-
nounced) gives the IAEA the potential to: (1) address a wider
range of diversion scenarios; (2) achieve a detection capability
over a wider range of timeliness values; and (3) reduce the num-
bers of inspections without leaving gaps in the safeguards
approach. Randomly timed inspections have been used at
enrichment plants and fabrication facilities, and will be used for
interim inspections at reactors. Such inspections should not be
regarded as a panacea, but should rather be applied where they
can effectively provide meaningful capabilities of detection for
the appropriate diversion scenarios. Particular attention needs to
be paid to the question of how much notification time an oper-
ator would realistically have of an inspection (in relation to how
quickly the evidence of diversion of misuse can be hidden), and
how likely a randomly timed inspection is to catch scenarios that
are observable for only short periods of time. Because of such
considerations, we believe that there are important synergies in
combination strategies involving randomly timed inspections,
installed equipment, and mailbox-type declarations.

Integrated Safeguards Criteria and Evaluation
Current, highly prescriptive safeguards criteria provide strong
guidance to operations sections of the IAEA and are a means of
achieving nondiscrimination, but they do not always result in the
most cost-effective application of safeguards. The IAEA will
continue to be resource-constrained and will need to apply safe-
guards in the most cost-effective manner. It is therefore appropri-
ate to seek efficiencies under integrated safeguards, particularly
given the added assurance of the absence of undeclared activities.
The LEU fuel cycle should be the primary focus of these efficien-
cies, but consideration can also be given to safeguards at other
types of facilities. 

Although there appears to be strong support for more flex-
ibility under integrated safeguards, it is not clear how that flexi-
bility is to be achieved or what mechanisms can (or should) be
employed to achieve it. The United States supports a number of
concepts that would provide for more flexibility and efficiency in
the application of integrated safeguards.
• Under IS, responses to anomalies, questions, and inconsis-

tencies can be made less mechanical (more efficient and
equally effective) by considering all relevant information
regarding the state. 

• Given the fact that AP measures provide increased assurance
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of the absence of undeclared activities, detection probabili-
ties at declared facilities can be reduced, particularly for
depleted natural low enriched uranium (DNLEU) materials.

• Under IS, alternative safeguards approaches should be used
to maximize effectiveness and efficiency based on state- or
facility-specific technical circumstances. These circumstances
would include the willingness of the state and the IAEA’s
ability to use remote monitoring or unannounced inspec-
tions, the nature of the state’s fuel cycle activities, the extent
of information provided under 2(a) ii of the protocol, and
the nature of the state or regional system of accounting and
control (SSAC or RSAC). However, IS should take advan-
tage of such advanced techniques, including coordination
with the SSAC or RSAC, to enhance flexibility and effi-
ciency only so long as the IAEA can maintain the independ-
ence of its conclusions.

• Integrated safeguards ought to be based on a state-wide
approach. This involves taking into account elements identi-
fied in INFCIRC/153, paragraph 81,2 as well as the broader
measures allowed by the AP. We must continue to recognize,
however, that, in some cases, a state may not be aware of all
activities taking place within its jurisdiction, e.g., black market
sales.
As SAGSI has advised in the past, the IAEA should look into

less prescriptive formats for its safeguards criteria to allow such
flexibility. In developing more flexible criteria, one should not
lose sight of the fundamental principle of nondiscrimination, or
the need to maintain agency-wide standards of effectiveness. A
system that appears to be based on subjective judgments, which
could be interpreted as biased in favor of or against a state, will
not be politically sustainable. Thus, any new criteria for safe-
guards should be based on and linked to a set of objectives derived
from the diversion and misuse scenarios the IAEA is required to
detect. 

United States’ Technical Contributions to 
Integrated Safeguards
Supporting strengthened and integrated safeguards is one of the
top priorities of the United States Support Program (USSP).
Since 1993, when the IAEA established Program 93+2, the USSP
has provided more than $100 million to support the strengthening
of the safeguards system. In 2004, the budget of the U.S. Program
of Technical Assistance to IAEA Safeguards (POTAS) is $13.2
million. The 2004 U.S. Voluntary Contribution to the IAEA
includes an additional $4.4 million for procurement of commer-
cially available safeguards equipment and $2 million to support
the ISIS Re-engineering Project. 

The USSP supports many projects that are directly relevant
to the development of IS. These projects are designed to improve:
1) the IAEA’s ability to detect undeclared nuclear materials and
activities; 2) the effectiveness and efficiency of IAEA safeguards;
3) infrastructure; and 4) training.

Detecting Undeclared Materials and Activities 
aa))  EEnnvviirroonnmmeennttaall  MMoonniittoorriinngg.. The USSP has supported the
IAEA’s efforts to begin an environmental sampling program since
the early 1990s. In 1994, the United States provided funding for
the construction of a Class 100 clean laboratory at the Seibersdorf
Analytical Laboratory. The United States also provided funding
for the equipment required to analyze environmental samples and
for a laboratory upgrade in the late 1990s. The USSP assisted
with the initial training of IAEA inspectors in sample taking. Oak
Ridge National Laboratory representatives continue to participate
in consultants’ group meetings to discuss and resolve technical
issues related to sample collection and analysis. Today, the IAEA
is self-sufficient in the area of environmental sampling and analy-
sis. The United States continues to participate in the Network of
Analytical Laboratories, which supports the IAEA by providing
unbiased analysis of anonymous unmarked samples.

bb))  SSaatteelllliittee  IImmaaggeerryy  aanndd  IInnffoorrmmaattiioonn  AAnnaallyyssiiss.. Detecting
undeclared materials and activities is one of the central objectives
of strengthened safeguards and the AP. USSP support in infor-
mation technology helps the IAEA in traditional safeguards activ-
ities such as collecting state declarations and safeguards data in the
field, as well as establishing new capabilities in the collection and
analysis of open source information, including satellite imagery.
The USSP provides significant support to the IAEA’s Section for
Information Support Services to build the capability to collect
and analyze open sources of information. The USSP has funded
numerous cost-free experts and consultants who developed poli-
cies and procedures for open source information collection and
analysis. Since 1999, up to five U.S.-funded interns per year have
helped the IAEA with the labor-intensive information collection
process. Through the Nonproliferation and Disarmament Fund,
the United States provided funding for the procurement of equip-
ment needed for the Satellite Imagery Analysis Laboratory
(SIAL). The SIAL is now a new unit in the Section for
Information Support Services. Imagery analysts from Space
Imaging and a series of information analysts from U.S.
Department of Energy national laboratories work with the IAEA
on special projects. In 2004, the USSP approved funding for
upgrading the SIAL to include four more workstations and
improved image processing.

Improving Effectiveness and Efficiency 
aa))  UUnnaatttteennddeedd  aanndd  RReemmoottee  MMoonniittoorriinngg  ((UUNNAARRMM)).. The USSP
sponsors tasks aimed at the implementation of unattended and
remote monitoring (UNARM) systems, which are aimed at
reducing the IAEA’s workload. Unattended systems involve NDA
and C/S instrumentation that is installed at safeguarded facilities
and continues to take measurements in the absence of IAEA
inspectors. Remote monitoring systems add a communication
component that allows the IAEA to transmit data from the facility
to IAEA Headquarters. The USSP is currently sponsoring the
development of UNARM systems for the Rokkasho Reprocessing
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Plant (RRP) in Japan and the Chernobyl Nuclear Power Plant in
Ukraine. These systems, which monitor nuclear material move-
ments within the sites and facilities, will save the IAEA very sig-
nificant levels of inspection effort. (At Chernobyl, for example,
the implementation of unattended systems will obviate the need
for three-shift coverage by the IAEA. Manpower requirements at
RRP will be reduced by the implementation of unattended
systems that will collect, process, and analyze data for inspector
review at the IAEA’s on-site office. ) In addition to the design and
implementation of specific systems, the USSP has worked with
the IAEA to improve the reliability of equipment so that it will
operate unattended for long periods of time. The USSP has also
in some cases upgraded instruments, such as the VACOSS seal, to
make them compatible with the requirements of remote moni-
toring. For the past two years, the USSP funded a course taught
by Los Alamos and Sandia National Laboratories and Aquila
Technology Group in the use and maintenance of UNARM
instrumentation.

bb))  CCAANNDDUU  RReeaaccttoorrss  SSppeenntt  FFuueell  TTrraannssffeerr..  The USSP is
collaborating with the support programs of Canada and South
Korea to develop an integrated safeguards approach for transfers
of spent fuel at CANDU reactors. One objective of this project is
to reduce the inspector effort associated with safeguarding spent
fuel transfers. U.S. representatives attended meetings in Vienna in
December 2003 and in Seoul, Republic of Korea, in September
2003 to discuss this project. The techniques under investigation
include mailbox declarations, unannounced and short notice
random inspections, surveillance and NDA equipment, and
cooperation with SSACs.

cc))  IISSEEMM.. In an effort to provide a systematic approach to
evaluating integrated safeguards proposals, the USSP funded Los
Alamos National Laboratory (LANL) and Brookhaven National
Laboratory to develop the Integrated Safeguards Evaluation
Methodology (ISEM). The methodology was presented at
Integrated Safeguards Member State Support Program meetings
and it was employed to compare alternative integrated safeguards
proposals, primarily for LWRs. LANL also conducted expert
elicitation sessions to estimate the detection probabilities for
certain undeclared activities. This work was completed in 2003.
While not implemented operationally, the project provided the
USSP and the IAEA with insights into analyzing integrated safe-
guards approaches and estimating detection probabilities.

Improving Infrastructure, Providing CFES 
aa))  IISSIISS..  The IAEA Safeguards Information System (ISIS) Re-
engineering Project (IRP) is critical to enabling the IAEA to
become more efficient at processing the large amounts of data
resulting from inspection activities, UNARM systems, and the
increased reporting requirements under the AP. ISIS is a twenty-
five-year-old system and was not designed for the modern safe-
guards regime. The USSP supported the IAEA’s study of this
problem by funding feasibility studies, a cost benefit analysis, and

the development of a project plan. The USSP has also committed
to provide a cost-free expert (CFE) who will be assigned to the
Procurement Services Section to assist in the processing of IRP
procurement documents. The IRP includes selection of a new
hardware platform and redesign of the accompanying software at
an estimated cost of $35 million. The United States has commit-
ted to providing up to 50 percent of the extra budgetary funding
required for the project and is actively encouraging other member
states to contribute to this important project.

bb))  TTeecchhnniiccaall  aanndd  PPoolliiccyy  EExxppeerrttss.. The USSP currently spon-
sors thirteen CFEs. U.S. CFEs work with the IAEA as regular
staff members but their expenses are reimbursed by the USSP.
CFEs have special work assignments for which the IAEA has no
in-house expertise. Usually the assignments address a specific,
non-recurring need that can be resolved within two to three years,
at which time the CFE returns to employment in the United
States. The CFE assignment often results in a new or improved
capability for the IAEA, and many assignments over the past ten
years have been related to strengthened and integrated safeguards.
Two CFEs are currently assisting the IAEA’s Section for Installed
Equipment with the implementation of remote monitoring
equipment. Two are working in the Section for Information
Support Services on the collection and analysis of open source
information. One expert has been instrumental in promoting the
Department of Safeguards’ Quality Management Initiative, which
will lead to improved equipment, data, analysis, and conclusions.

The USSP is also providing the services of retired IAEA staff
members who periodically conduct seminars on the evolution of
strengthened safeguards and complementary access and assist
with the development of approaches, guidelines, and criteria for
implementing integrated safeguards approaches. These experts
ensure continuity between traditional safeguards approaches and
the developing IS regime.  

Providing Training
Training is more important than ever to ensure that experienced
inspectors learn new techniques and procedures and new inspec-
tors quickly learn their roles. As the life cycle of today’s electron-
ics equipment continues to get shorter it becomes more
important to be able to effectively train inspectors and technicians
on the use and maintenance of the new equipment.

aa))  AAddddiittiioonnaall  PPrroottooccooll.. The USSP is helping to train
IAEA staff to carry out inspections under the Additional
Protocol. In 2003, the USSP approved funding for the devel-
opment of an AP workshop. Brookhaven National Laboratory
(BNL) will develop a training exercise wherein IAEA inspectors
will practice complementary access negotiations at a mock
nuclear site. A similar exercise for entry-level inspectors was
conducted in Finland in April 2004 under support of the
Finnish Support Program. BNL and the IAEA are planning for
the U.S. workshop, which will be targeted at experienced
inspectors.
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bb))  SSaaffeegguuaarrddss  TTrraaiinniinngg  CCoouurrsseess..  The USSP supports a num-
ber of routine training courses to help IAEA staff members
acquire or improve the skills they need to fulfill the IAEA’s safe-
guards mission. For example, POTAS continues to support deliv-
ery twice per year of NDA training for new IAEA inspectors.
POTAS also provides funding for training in enrichment technology,
quality management and leadership, and advanced plutonium
verification techniques. POTAS provides NDA experts to assist
the IAEA in the delivery of the Introductory Course for Agency
Safeguards.  

Conclusion
In response to the extraordinary challenges now facing the NPT,
the IAEA and its member states must redouble their efforts to
strengthen the capability of the international safeguards system to
verify compliance with nonproliferation commitments. At the
core of strengthened safeguards is the AP, which gives the IAEA
tools to provide increased assurance of undeclared activities—or
to detect such activities should a state pursue them in violation of
its NPT obligations. A key step that states can take to strengthen
the safeguards system is to accept the AP.

As APs enter into force and as the IAEA gains experience in
its implementation, the IAEA will continue to make progress in
the transition to integrated safeguards. The United States believes
that the IAEA and the international community can and must
develop integrated safeguards that are effective, efficient, and

flexible. In order to bring this new, strengthened safeguards
system to fruition will require creativity, determination, and hard
work. For its part, the United States is committed to providing
the financial and technical support necessary to help the IAEA
successfully develop and implement this more efficient and more
effective approach to safeguards in the 21st century.
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Abstract 
Basic ideas of consolidation and optimization go back to the
consideration of measures to strengthen safeguards, which pre-
ceded Program 93+2 in the early 1990s—and, some would argue,
well before that. Board approval of the model Additional Protocol
and coining of the phrase integrated safeguards gave renewed
focus and impetus to such consideration, and during the ensuing
process it would seem the phrase “integrated safeguards” has come
to mean a range of things to those involved. This article picks out
some of the words and concepts that have recurred throughout
the debate and development of integrated safeguards in attempting
to examine key aspects and attitudes which, in our view, will help
ensure that expectations of being able to use the Additional
Protocol to open the road to integrated safeguards can be fully
realized.

Integration
Dictionary definitions of integration are in terms of the combi-
nation of diverse elements into a unified whole—and it is this
idea of a unified whole that has been the essence of work to inte-
grate implementation of the safeguards measures that can be
applied under INFCIRC/153 comprehensive safeguards agree-
ments with those applicable under INFCIRC/540 Additional
Protocols (AP). The primary aim of such a whole is that it is
greater than the sum of its parts in providing the basis for confi-
dence about both the absence of diversion of declared nuclear
material and the absence of undeclared nuclear activities. Central
to work on integration in the safeguards context has also been the
idea that the process of combination or unification should not
simply be additive but should also look for redundancies with a
view to reducing or eliminating them. Optimization is therefore a
key part of the International Atomic Energy Agency (IAEA) def-
inition of integrated safeguards (IS) and has brought with it the
clear and legitimate expectation of a reduction in INFCIRC/153-
based activities—and associated expectations with respect to the
agency’s safeguards costs and resources. Perceptions of what inte-
gration will deliver differ—but that there must ultimately be a
judgment of where the balance lies between sometimes conflicting
expectations is another of the underlying features of the road to
integrated safeguards.

Transparency
The essence of definitions of transparency relate to the quality of
being viewed or seen through with clarity—linked to the idea that
transparency equates to being obvious and easily detected. It
would, in our view, be most unfortunate if the extent to which the
term has come to feature in the modern safeguards vocabulary
meant that perception of what transparency should encompass
and can therefore contribute to integrated safeguards (IS) is dimin-
ished or devalued. Transparency in the safeguards context should,
we believe, be seen first as a guiding principle in all states’ deal-
ings with the IAEA. For example:
• The Additional Protocol provides an agreed framework for a

wide range of information to help the IAEA understand a
state’s nuclear activities and thus improve both the safeguards
conclusions that can be drawn and the way safeguards are
applied in the state. We believe that, for its part, the state
should work on the basis that information relevant to this
understanding should be made available unless there is good
reason not to. This should include taking a proactive
approach to consulting the IAEA about the kind of informa-
tion that may be relevant rather than responding only to spe-
cific questions, seeking ways to make use of those protocol
provisions that are not self-executing (e.g., its Article 2a(ii)
concerning additional operational information and Article 8
on additional access) and, where appropriate, going beyond
them (e.g., by looking to provide the kind of information
that is shared in the context of export control regimes).

• The Additional Protocol (Article 14) also specifically
addresses the “unattended transmission of information gen-
erated by Agency containment and/or surveillance measure-
ment devices.” Our view is that states should view the IAEA’s
use of remote monitoring to access containment and surveil-
lance equipment in the same positive light as requests for
other types of information (i.e., proactively, and with the pre-
sumption that such monitoring is to be encouraged unless
there are good reasons not to). We would also suggest that the
same presumption also extends to consideration of the con-
tinued use of existing surveillance equipment (i.e., if it is reli-
able and used in a way that has little or no impact on facility
operations, can be accessed remotely, securely, and at reason-
able cost, then why discard a source of information that has
potential value both in terms of effectiveness and efficiency?).
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• With respect to the activities of the State System of
Accountancy and Control (SSAC, or corresponding regional
organization), it might be argued that missions and objec-
tives differ, but the underlying issues of materials account-
ancy are the same and so we believe that the relevant R/SSAC
activities must be transparent to and, so far as possible,
undertaken with a view to supporting those of the IAEA.

• The Additional Protocol (and of course the comprehensive
safeguards agreement) also provides for potentially extensive
access, and we would encourage adopting a similarly positive
attitude to such access (e.g., looking for ways to support
increased use by the IAEA of unannounced and unpre-
dictable inspections, and for ways to limit the extent to
which the inspection access involved needs to be managed).
Such transparency cannot just be in a single direction how-

ever—for it to flourish it will need to be reciprocated and so the
IAEA’s approach must continue to reflect and look to develop fur-
ther a similarly accessible mindset. For example:
• In making sure that states and facility operators are aware of

why particular information is sought and how it will be used
• In being able to explain the rationale for the use of new safe-

guards measures and approaches, their implications in terms
of IAEA costs, and also how the IAEA has assessed their
impact on states and operators. Debate on safeguards effi-
ciencies must be based on better knowledge of the
resources—IAEA, state, and operator—necessary to support
a given safeguards activity or approach.

• In explaining the basis for its safeguards judgments and
conclusions in respect of particular circumstances (e.g., why
the approach adopted in one situation differs from that in
another). The process whereby the IAEA assesses the safe-
guards measures it needs to apply in a given state ought, to
the greatest extent possible, be transparent to the state, as
should the results of the IAEA’s evaluation of that applica-
tion. Consolidating existing quality management-related
initiatives for IAEA safeguards activities and formalizing
them on the basis of recognized international standards
would, in our view, also be an important contribution to this
aspect of transparency—and offer a means of helping
demonstrate clarity and consistency without compromising
legitimate concerns regarding the sensitivity of the informa-
tion involved. 
It follows from this that we see the transparency aspect of the

strengthened and integrated regime as closely linked to the
question of understanding. Shortcomings in transparency will
affect understanding—on the part of the IAEA, states, and
others—and will in turn have implications for their views on the
credibility of the overall system and its conclusions. 

That said, however, there are of course good reasons why
transparency cannot always be entirely unconstrained. For
example, states may well have perfectly valid security or commer-
cial grounds for wanting to control access to particularly sensitive

information or locations. This too is recognized in the Additional
Protocol, but the first consideration in such circumstances ought
to be (and, ultimately, the requirement is) to explore how such
concerns can be dealt with without diminishing the IAEA’s
understanding. By the same token, the degree of state access to
the IAEA’s evaluation process must not be to the detriment of that
process (e.g., potentially constraining and/or perhaps compro-
mising IAEA investigations, internal discussions, and some of the
information that may be involved). 

Transparency is of course also an issue with respect to the
wider reporting of safeguards conclusions and the activities on
which they are based (e.g., in the Annual Safeguards
Implementation Report)—and we recognize that, for legitimate
reasons of confidentiality, but also because of the practicalities
involved, this cannot be total. Again, though, we believe trans-
parency ought to be a guiding principle in describing, at least in
broad terms, the approaches adopted for given states, the extent
to which they were implemented successfully, and in particular
the nature of any outstanding or unresolved issues. 

We must acknowledge that a great deal of what is described
above is already promoted by the IAEA and increasingly accepted
by many as standard practice. A key challenge for implementation
of the Additional Protocol and the road to integrated safeguards
is to have such attitudes become the instinctive norm.

Understanding
Dictionary definitions include the idea of having insight and
good judgment—and also of being discerning or sympathetic
(and intelligent). Again, it is to a great extent stating the obvious
to say that comprehensive IAEA understanding of all of a state’s
nuclear activities is central to the effective and efficient safeguarding
of those activities. The IAEA’s state evaluation process is therefore
crucial and should, as outlined above, be based on the fullest
possible information. Clearly, information deficiencies can and
will compromise IAEA understanding and everything that flows
from it in terms of safeguards implementation and conclusions.
Equally clearly, and as the IAEA has recognized, an evaluation
process of this magnitude has very significant implications for the
way the information concerned is handled, stored and processed.
It is vital therefore that the IAEA’s efforts to develop the means to
do this are properly supported (e.g., the continued development
of access to a wide range of information, including satellite
imagery; projects to improve the necessary IT infrastructure, such
as the IAEA Safeguards Information System, ISIS; and work to
maintain the personnel, structures, and expertise necessary to
help exploit all the available information). Again, shortcomings
here can, and will, compromise both effectiveness and efficiency. 

We believe it is now widely recognized and accepted that the
process of determining the safeguards measures to be applied in a
given state should be based on the IAEA’s understanding as
reflected in the state evaluation. The process must be top-down
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and encourage sufficient judgment to allow for activities that are
tailored to the extent of the IAEA’s understanding of all of the
state’s nuclear activities if the benefits of AP implementation and
subsequent integration are to be fully realized. The state is after all
the basic unit involved. 

It is, we think, also now acknowledged that evaluating and
resolving the discrepancies, anomalies, inconsistencies, and ques-
tions that the strengthened and integrated safeguards system is
expected to detect should not be a matter of automatic pre-
planned reaction but instead call for judgment in the light of all
the relevant information. It should, for example, take account of
the degree to which resolution affects the overall evaluation for
the state, and whether/how often similar issues have arisen before
and/or in comparable situations elsewhere. 

Understanding is, of course, also about learning—and so the
top-down process must not be regarded as a one-off exercise that
yields a fixed approach for the state concerned. The process must
instead be such that results from regular updating of state evalua-
tions (e.g., from anomaly follow-up) are fed back into regular
reviews of the safeguards approach. Processes for safeguards
implementation must be able to respond to sometimes rapidly
changing circumstances. 

Credible Judgment 
(and Safeguards Conclusions)
Combining various dictionary definitions yields the idea of
comparing facts to arrive at a determination that is authoritative,
reliable, and convincing. It is important to bear in mind that,
authoritative, confident, and understanding as they are, safe-
guards judgments and conclusions cannot be absolute—and this
must be taken account of in how they are used (whether in terms
of determining a state-wide approach to integrated safeguards or
otherwise). For example, we continue to regard a conclusion of
the absence of undeclared activities as a shorthand top-level
expression of the increased confidence (i.e., improved trans-
parency and understanding) the IAEA has from applying the
range of safeguards measures available under comprehensive safe-
guards agreements and Additional Protocols to them.1 It means
that the IAEA has not detected indications of undeclared activity
but it is not a guarantee that no such activities could exist—and
integrated safeguards approaches must continue to reflect this,
albeit reduced, possibility. It is also the case that because imple-
mentation of an AP is a prerequisite for drawing such a conclu-
sion and such implementation is not yet as widespread as
originally hoped, the IAEA’s experience in applying the measures
and then drawing and maintaining conclusions on the basis of
this remains relatively untested.

Recognition that the kinds of judgments that are inherent in
shaping integrated safeguards approaches are not absolute is, we
believe, a key aspect of the credibility of the approaches. For
example, integrated safeguards measures for timely detection of

the diversion of material have generally been characterized in
terms of the relaxation of timeliness goals commensurate with
increased confidence in the absence of undeclared facilities for
processing the material concerned. Our view remains that a key
feature of any such relaxation is the retention of a reduced but still
meaningful capability to detect diversion within the revised time-
liness goal. This is in effect the case for the basic integrated
approach for irradiated fuel. We believe that integrated safeguards
offers the opportunity for more widespread use of this concept
(i.e., for other less sensitive material types). We have previously
characterized2 as more sophisticated approaches to timeliness that
don’t swap one rigidity for another but instead make use of unpre-
dictability (probability) in better addressing the full spectrum of
possible diversion and conversion scenarios. Experience in imple-
menting approaches based on such concepts, and demonstrating
credible conclusions as a result, might in turn provide a basis for
applying the same kind of philosophy (i.e., moving from pre-
scription and rigidity to a more randomized/ more probabilistic
approach) to other generic aspects of integrated safeguards imple-
mentation—for example, in making more use of information
provided by a R/SSAC or maintaining adequate continuity-of-
knowledge. 

In addition, views on the credibility of new safeguards
approaches and the conclusions derived from them will, we think,
inevitably depend at least to some extent on comparisons with
existing approaches. Put another way, claiming that new safe-
guards approaches, which differ dramatically (e.g., in content,
intensity, and even philosophy) from their predecessors can
deliver a suitably confident conclusion on the nondiversion of
material is one thing—demonstrating the credibility of such a
claim is another. These same aspects of credibility are, we believe,
also an important part of being able to show that, while differ-
ences can exist, basic safeguards objectives and frameworks
remain transparently nondiscriminatory. 

Conclusions 
We must acknowledge that much of what is described above is
already a feature of the development of integrated safeguards
approaches. It is widely recognized that transparency and the
resulting understanding can and do deliver significant safeguards
benefits—and the Additional Protocol and then integrated safe-
guards provide a framework for maximizing these benefits. We
hope and expect that the attitudes involved become the norm as
experience grows with implementing such strengthened safe-
guards. 

That said, we also recognize that calls for greater trans-
parency and judgment are unlikely to make for an easier life. But
that strengthened and integrated safeguards are not straightfor-
ward is, for us, one of the underlying (even positive) conclusions
from the process of developing integrated safeguards. So far at
least silver bullets (in the technical sense) that would suddenly and
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simply satisfy the many, and sometimes conflicting, wishes of
those involved have not been identified. Credible judgment and
safeguards conclusions—and the transparency and understanding
on which they must be based—will ultimately rely on the con-
tinued accumulation of experience. 

All of which brings us to one of the key words missing from
this article until now. Cooperation between state and IAEA is of
course a requirement of comprehensive safeguards agreements. Its
extent can, as has been seen recently, vary substantially. But its
importance to all the safeguards attitudes described above cannot
be overstated—it is a most key determinant, and also measure, of
effective and efficient safeguards. 
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Abstract
The multi- or internationalization of the nuclear fuel cycle was
heavily discussed in the late 1970s and early 1980s, especially
with regard to the nonproliferation of nuclear weapons. The dis-
cussions mainly took place in the framework of the International
Nuclear Fuel Cycle Evaluation (INFCE) conference, which
started in Washington, D.C., in October 1977. In the following
two years, eight international working groups evaluated the
advantages and challenges of various approaches for the nuclear
fuel cycle to build on models of multi- or international coopera-
tion. It was identified that given the appropriate administrative
authority, both multi-nationalization and internationalization
have a potential to significantly increase the proliferation resist-
ance of the nuclear fuel cycle, thus contributing to the objectives
of the Nonproliferation Treaty (NPT), especially the spirit of
Article IV. However, implementing such cooperational models
also would have disadvantages, especially in the areas of political
independence, transfer of technologies, and planning security of
national nuclear programs. To date, only a few examples of such
multinational cooperation have been implemented. In view of
recent changes in global politics, technology developments in the
nuclear field, and the availability of state-of-the-art safeguards
equipment and procedures, it is worth reconsidering the subject
and examining whether the concerns and conclusions of the
INFCE working groups are still valid. It should be further con-
sidered what type of multi- and internationalization would seem
both feasible and appropriate to increase the proliferation resist-
ance of the fuel cycle. First, this paper will recall the concept and
conclusions of the INFCE investigations and describe existing
forms of bi- or multilateral cooperation. Next, this paper will
assess the advantages and drawbacks of internationalization in
terms of economics and transparency. To conclude, this paper will
judge the attractiveness of the different models with regard to
administrative and economic feasibility in view of nonprolifera-
tion and enhancements in relation with the NPT and the
Additional Protocol (INFCIRC/540).

Introduction
Political discussions on the nonproliferation of nuclear weapons
do not arise as a matter of course so much as they are triggered by
external occurrences. In the 1970s, the first Indian nuclear test
explosion initiated the International Nuclear Fuel Cycle
Evaluation (INFCE) Conference; in the early 1990s, the discov-
ery of Iraq’s clandestine nuclear weapons program gave rise to the
International Atomic Energy Agency’s (IAEA) new Integrated
Safeguards System. In both of these situations, the resulting
discussions confirmed that ensuring compliance with the Treaty
on the Nonproliferation of Nuclear Weapons (NPT) was and still
is the foundation for the prevention of nuclear weapons prolifer-
ation. Recently, three events have inspired renewed discussions on
the effectiveness of the nonproliferation regime: the official
announcement of the Democratic Peoples Republic of Korea
(DPRK) to withdraw from the NPT, the status of the nuclear
program in Iran, and the Libyan renouncement of its covert
military program.

Once again, NPT stands in the center of the efforts of the
international community to foster the peaceful use of nuclear
energy. In this regard, its importance as a universal standard was
confirmed at all NPT review conferences, culminating in the
1995 Review Conference when its validity was extended indefi-
nitely. Subsequent national and multi-national obligations, agree-
ments, and export control mechanisms have been realized to
complement the NPT, thus forming a nonproliferation network.

In light of the overwhelming support, however, it has to be
understood that the nonproliferation regime is a complex frame-
work and system consisting of individual elements within a
dynamic structure. For instance, the Nuclear Suppliers Group
(NSG) guidelines (currently in its sixth edition) has been one ele-
ment under periodic revision. Also, in response to significant
events directly related to nonproliferation policy, the international
community has adopted new texts and measures to adapt to the
changing global political environment. The Additional Protocol
INFCIRC/540 (Corrected) is the latest example of such an adap-
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tation process. It was designed in reaction to the discovery of a
clandestine nuclear program in Iraq to allow the IAEA to inspect
facilities and installations suspected to be, but not declared as,
nuclear installations. This extended access, supported by addi-
tional information (e.g., open source), will prove to be a more and
more efficient tool as it is ratified in an increasing number of sig-
natory countries. Now, with the events in DPRK, Iran, and Libya,
new ideas are emerging to strengthen the NPT regime in response
to withdrawals and infringements of signatories. This develop-
ment suggests that Article 4 of the NPT might have to be re-inter-
preted and adapted to new global nonproliferation requirements.

An important element of the NPT adaptation process has
been the proposal to multi-nationalize or internationalize the
nuclear fuel cycle, an idea that played a central role in the INFCE
Conference. As such, this paper will begin by describing the starting
position and the results of INFCE as regards the issue of multi-
nationalization and internationalization of nuclear fuel cycle
facilities. Next, an assessment of the different institutional
models recommended by INFCE, especially in regards to non-
proliferation and nuclear fuel supply assurance, will be discussed.
Following, a revision of multi- or internationalization of the
nuclear fuel cycle under contemporary economical and political
structures will be presented. Recommendations for a possible re-
assessment of Article 4 of the NPT conclude the paper.

The International Nuclear Fuel Cycle
Evaluation (INFCE)
In October 1977, INFCE started in Washington, D.C., to specif-
ically investigate opportunities for the internationalization of the
nuclear fuel cycle. U.S. President Carter’s original INFCE objec-
tive was to concentrate exclusively on the issue of nonprolifera-
tion of nuclear weapons. However, while organizing the
conference, participants instead agreed to address the broader
notion of the utilization of nuclear energy without proliferation
of nuclear weapons. Nevertheless, the nonproliferation aspect
remained in the focus of the analyses performed by the eight
INFCE working groups, yielding the conclusions:

...that nuclear energy is expected to increase its role in meeting
the world’s energy needs and can and should be widely available to
that end; […] and that effective measures can and should be taken to
minimize the danger of the proliferation of nuclear weapons without
jeopardizing energy supplies or the development of nuclear energy for
peaceful purposes.

Additionally, to counter the danger of nuclear weapons
proliferation in connection with the peaceful uses of nuclear
energy, INFCE highlighted a number of universal measures: insti-
tutional measures, technical measures, and improvement and
further development of IAEA safeguards. For the purpose of this
analytical paper, only institutional measures will be investigated.

To understand the impact such measures have on nonprolif-
eration, one has to realize that nuclear fuel supply assurance as
well as waste management and storage solutions are essential to
the economic feasibility and sustainability of a nuclear fuel cycle.
Accordingly, an incentive for states to develop their own enrich-
ment and reprocessing capabilities is the minimized dependence
on international fuel supply; however, once a state has its own
enrichment and reprocessing capabilities, it cannot be ruled out
that these technologies will be used to create weapons-grade mate-
rials. This poses an exceptional proliferation risk considering that
any signatory to the NPT has the right to withdraw from the
treaty. Guaranteeing fuel supply and both waste management and
storage services through institutional arrangements will reduce
the incentive to develop national enrichment, reprocessing, and
management capabilities, thus reducing the proliferation risk.

The term institutional arrangements was broadly interpreted
in INFCE. It includes a variety of provisions that can be foreseen
either by government agencies or by private entities. However, the
effectiveness of any institutional arrangement applied to the
nuclear fuel cycle has to be assessed in the light of both the non-
proliferation of sensitive nuclear technologies and the assurance of
supply. In detail, such institutional arrangements comprise com-
mercial agreements, technical support programs, international
studies, nonproliferation agreements, supply/delivery agreements,
and international and multi-national institutions.

Institutional measures in the form of multi- or international
cooperation prove to be attractive models.  Within such coopera-
tive relationships, trade arrangements and treaties can be viewed as
tools of a nonproliferation policy. However, the successful imple-
mentation of such models is highly dependent on mechanisms to
credibly guarantee an assured supply of nuclear fuel. For waste
management and storage solutions, the proliferation risk is less
imminent because there is less incentive for a country to develop
its own capacities; furthermore, the development does not involve
technologies essential to nuclear weapons development.

On the other hand, some states interested in utilizing nuclear
energy in the future will not be prepared to address the full scope
of requirements to sustain the infrastructure of a complete fuel
cycle. This perceived technical inability might thus discourage
them from exploring nuclear programs at all. Therefore, institu-
tional mechanisms such as multi- or international cooperations
that credibly provide front- and back-end solutions can help to
foster the peaceful use of nuclear energy. The institutional models
discussed by INFCE apply to the following front- and back-end
services:
• Uranium enrichment
• Spent fuel reprocessing
• Plutonium storage
• Transport and storage of spent fuel

In the field of uranium enrichment, INFCE discussed insti-
tutional arrangements that foresee multi- or international control,
with government participation, of the facility technologies and
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nuclear materials. It was stated that institutional measures such as
classification and export controls of sensitive components and
technologies were already practiced and that multi-national facil-
ities already existed. In particular, such institutional arrangements
are capable of preventing proliferation scenarios that are not cov-
ered by international safeguards agreements (e.g., in connection
with the transfer of nuclear technologies).

In the field of spent fuel reprocessing, primary types of
multi-national arrangements are reprocessing services guaran-
teed by countries with large reprocessing plants. For the more
distant future, INFCE discussed the possibilities of multi-
national enterprises in the frame of regional fuel cycle centers.
However, INFCE not only expected substantial obstacles in the
areas of both plant operation and national legislation, but also
practical difficulties in connection with the establishment of
such institutions.

International plutonium storage facilities are recognized to
have the potential to reduce proliferation risks by pooling sensi-
tive materials in a limited number of storage facilities under safe-
guards. Thus, INFCE considered such an institutional measure
an important tool to secure and safeguard excess plutonium and
to strengthen the nonproliferation system.  

In the field of transport and storage of spent fuel, INFCE
suggested to further investigate the extent to which multi- or
international cooperations could support economical and man-
agement infrastructures of spent fuel. Furthermore, it was stated
that multi-national and international repositories for the final dis-
posal of spent fuel can possibly be advantageous to nonprolifera-
tion and the economical feasibility of nuclear energy.

In their discussions, the eight INFCE working groups
addressed different institutional models that could be the basis for
an international cooperation in the nuclear fuel cycle, and, to
their best knowledge, highlighted the advantages and disadvan-
tages. Each working group’s findings emphasized that multi-
nationalization has the potential to limit the number of sensitive
facilities. Such a limit would have a positive impact on both non-
proliferation and economical operation of the plants. However,
considerable drawbacks such as the risk of proliferation of sensi-
tive know-how were highlighted. Important questions, especially
those related to the host country of front- and back-end services,
remained to be answered, such as:
• What countries will host such facilities?
• How will the responsibilities of the host country be defined

in regards to safety, physical protection, and environmental
protection while considering legitimate interests and influ-
ence of the foreign shareholders?

• What solutions can be implemented to prevent the host
country from jeopardizing the assurance of supply for foreign
shareholders that invested into a facility located outside their
national borders?

Assessment of Different Institutional Models
The INFCE investigations proved that there is a large variety of
possibilities for cooperation in the nuclear area. The simplest
form–a purely national enterprise–would involve a cooperation of
all intra-national private entities as well as governmental bodies to
comprehensively address a nation’s nuclear energy needs.
However, since this approach still holds the incentive to develop
a country’s own fuel services, it does not change the proliferation
risk related to that country. To move from this purely national
enterprise towards multi- or internationalization, a first step is to
solicit the financial participation of other states in facilities not
located within their own national borders. Further broadening
the scope of cooperation models includes facilities operated by
international staff or management, multi-national enterprises that
renounce sovereign rights to different extents, and, finally, inter-
national organizations on extraterritorial ground or regional fuel
cycle centers.

Apart from supporting nonproliferation, such cooperative
models have to be assessed in terms of their abilities to ensure
nuclear fuel supply. However, when implementing multi-national
facilities in practice, other criteria have to be taken into account,
such as health, safety, environmental protection, and technology
transfer, as well as social and political acceptance in the host state.
These criteria might turn out to be negatively correlated to the
increase in proliferation resistance, thus reducing the expected
utility of implementing institutional models. Also, additional
proliferation resistance is obtained by increasing dependencies
under international law, especially when states participate in
international forms of cooperation. While multilateral agree-
ments on contractual basis can mitigate the complexity of such
cooperation, international models have to credibly threaten sanc-
tions to signatories that decide to break their commitments by
denying fuel supply or waste management services to other par-
ticipants.

In an international institutional scenario, host states face a
higher proliferation threshold, as multi-nationalization limits the
host government’s legal possibilities to divert materials owned by
multiple parties. Misuse could be detected sooner and more eas-
ily as the application of international safeguards would be more
effective. It would also be possible for participating states or the
international safeguards community to impose sanctions if inter-
national obligations were violated with facilities or materials being
misused. On the other hand, it has to be taken into account that
there may be problems arising from legal issues related to the
integrity of the national sovereignty of the host country, which
could detract from the advantages of such solutions.

Figure 1 analyzes how various aspects of institutional solu-
tions bear upon the multi- or internationalization of the nuclear
fuel cycle. From the assessment matrix, it may be concluded that
when prioritizing the proliferation resistance criterion, a multi-
national enterprise with a certain degree of renunciation of sover-
eign rights on the part of the host state represents a favorable
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solution. The disadvantages are represented in reduced political
independence as well as in reduced acceptance of the renunciation
of sovereign rights in the host state. Also, safety, environmental
considerations, and public and social acceptance considerations
counterbalance the advantages in proliferation resistance. For
these reasons, it might be very difficult to realize this institutional
model. However, if the proliferation resistance criterion is not
attributed the highest priority, the preferred models could be
identified as a national facility located in a state that is party both
to the NPT and to a treaty similar to the Euratom Treaty. In such
balanced scenarios (highlighted columns in Figure 1), nonprolif-
eration advantages are realized while detrimental factors only
mildly influence the feasibility of the models.

Not all institutional measures for front- and back-end sce-
narios can be treated equally. In particular, international mecha-
nisms are less appropriate to apply to production facilities for
uranium enrichment, spent fuel reprocessing, or fuel fabrication,
as such measures encounter a number of financial, technical, and
R&D-political difficulties. In contrast, international organiza-
tions can be more easily realized in connection with storage facil-
ities for fissionable materials and spent fuel; the storage of nuclear
materials does not involve the application of sensitive technolo-
gies like fuel enrichment or reprocessing do.

Multi- or Internationalization Revisited

The INFCE results showed that, under certain conditions, multi-
national or international institutional models have a limited poten-
tial for application in the nuclear fuel cycle. However, the topic of
assurance of supply, which dominated the INFCE discussions
along with nonproliferation considerations, no longer holds the
same relevance because enrichment services are now provided
by a few suppliers, and there has been no shortage of capacities.

Today, as has been illustrated by the recent proliferation
cases, the real proliferation concerns rest with the export of sensi-
tive technology such as uranium enrichment using gas cen-
trifuges. In addition, with the trend leaning toward privatization
of previously nationally owned enterprises, profitability of elec-
tricity generation using nuclear energy has gained considerable
importance. In this respect, private enterprises, dependent on
both their shareholders’ decisions and quotation agencies’ reports,
cannot afford to cover proliferation activities, especially while
under constant media scrutiny.

To properly apply INFCE recommendations to foster the
peaceful use of nuclear power while enhancing proliferation
resistance and reducing the risk of illicit technology transfers, the
economic dependability of nuclear energy in terms of assurance of
supply and waste management needs to be highlighted. Having
reliably available front- and back-end components (i.e., fuel
enrichment, waste management, or final storage) is the only way
to maintain a nuclear fuel cycle that can pose a valid, competitive
alternative to other energy sources.

Also, it is important to understand how the global situation
in regard to the use of nuclear energy has changed since the
INFCE conference. In the timeframe of the 1970s and 1980s,
energy markets were generally directed by governmental monop-
olies, and nuclear fuel programs were inspired by assumptions on
national energy demands only. This situation implied each nation
interested in using nuclear power had to develop its own solutions
not only for the actual operation of reactors but also for sustain-
ing the front- and back-end of the fuel cycle. This precisely
reflects the spirit of Article 4 of the NPT that allows for signatory
states to ask for assistance from the international community to
develop such solutions in exchange for committing to safeguards.

In this respect, the INFCE recommendations were as revolu-
tionary as they were anachronistic. Institutional mechanisms, such
as multi- or international cooperations, were not backed by liberal
energy markets driven by international companies with a global
business approach. Thus, the implementation of such institutional
measures could be prepared by international agreements, but not
realized in a competitively functioning global marketplace. 

Times, however, have changed. Today, energy markets are in
the process of being privatized, and business players have started
operating as global entities. Therefore, the following general
trends can be identified as part of an international process that
leads to more transparency and contributes to nonproliferation
efforts:
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Sustainable Development
With the depletion of fossil fuel resources (e.g., coal, gas, and oil),
ongoing discussions on the general energy supply situation and
calculations on meeting future energy demands address the peace-
ful use of nuclear energy more in economical, ecological, and
socio-political terms than with nonproliferation considerations.
Even if the nonproliferation of materials and technologies can be
assured, nuclear power as a sustainable energy source can only be
implemented if the expectations of the public regarding both
safety and proliferation resistance can be sufficiently guaranteed.

Programs such as the U.S.-launched Generation IV
International Forum (GIF) and the IAEA International Project
on Innovative Nuclear Reactors and Fuel Cycles (INPRO) take
these considerations into account.

GIF, for instance, is designed to foster international cooper-
ation in hopes of improving the attractiveness of future nuclear
reactors, taking into account nuclear safety, economics, sustain-
able development aspects (e.g., minimization of waste, or a health
issue), and nonproliferation issues. In the context of GIF, prolif-
eration resistance is defined as a comprehensive approach involv-
ing technical (intrinsic) as well as institutional and political
(extrinsic) measures. Six models have been selected for investiga-
tion. The Very High Temperature Reactor (VHTR) technology,
for instance, should prove to be of interest from the proliferation
resistance standpoint.

Liberalization of Energy Markets and 
Globalization in the Private Sector
Multi-nationalization is a trend that is nourished by the global-
ization of markets in general and the liberalization of the energy
market in particular. In the field of nuclear energy, this trend is
reflected in the establishment of AREVA, addressing the whole
fuel cycle; British Nuclear Fuels (BNFL), addressing waste man-
agement and reprocessing services; as well as Urenco, addressing
uranium enrichment services with plants located in three
European countries.

Similar trends can be identified in the field of nuclear power
plant design and construction where Framatome and Siemens
entered into a partnership before joining AREVA. As the liberal-
ization of markets progresses on a global scale, the competition
among different primary energy carriers and energy technologies
will lead to further merging of companies and will further enhance
the process of multi-nationalization within the private sector.

Transfer of Sensitive Nuclear Technology
The most recent examples of undeclared activities in the field of
uranium enrichment in Iran and Libya (although the gas cen-
trifuge technologies that were used had been transferred from
Pakistan) have demonstrated that the proliferation of sensitive
technologies are difficult to inhibit, given the dissemination of
knowledge and banalization of large parts of the technology. The
improvement, standardization, and strict application of export

controls, as well as the possibilities provided by international safe-
guards in combination with the Additional Protocol to detect
undeclared nuclear activities will help prevent the construction of
clandestine facilities. In addition, fostering the implementation of
multi-national cooperation or multi-national applications will
facilitate a worldwide reduction of commercial nuclear facilities in
the sectors of uranium enrichment and spent fuel reprocessing;
this, in turn, will help to reduce technology transfers that might
be used for weapons programs, for instance, after a signatory
withdraws from the NPT.

Multi-National Facilities and Effectiveness of Safeguards
As a complement to INFCIRC/153 (Corrected), the INF-
CIRC/540 does not represent a declared material-oriented and
facility-related system but bases its safeguards implementation
and evaluation on state-level information. The information
sources employed are manifold and comprise, among others, safe-
guards inspections information on research and development,
cooperative or export activities, as well as open source informa-
tion. In the context of INFCIRC/540, the responsibility of a
country using nuclear power for peaceful purposes to transpar-
ently share information with the safeguards community is of
utmost importance.

The concept of multi-national facilities is able to support this
transparency to a considerable degree and to further facilitate the
verification of declared nuclear materials or activities. This is also
important under the consideration of applying safeguards in
efficient cost structures because fewer facilities have to be visited
by international safeguards inspectors. Furthermore, the imple-
mentation of multi-national facilities will facilitate the swift inves-
tigation and resolution of possible inconsistencies or anomalies in
a host country. Every shareholder country has an invested interest
in preventing and uncovering possible diversion efforts because
they might endanger their fuel cycle related services.

The migration of safeguards surveillance technologies from
analog to digital systems, as well as the implementation of
advanced encryption and authentication algorithms provides
another tool that can support transparent monitoring of multi- or
international facilities. Generated surveillance data can be shared
by signatory states and individually reviewed for compliance
verification purposes. Since this verification process is essential for
the success of multi- or international models, the application of
data-sharing safeguards equipment should be encouraged.

A state developing full nuclear fuel cycles that include fuel
enrichment and reprocessing capabilities must commit to long-
term research and development projects that require extensive
planning and funding. If multi- or international front- and back-
end cooperations can be successfully implemented (i.e., the avail-
ability of fuel supply and waste management services can be
sufficiently guaranteed, and nonproliferation concerns can be
transparently addressed), individual nuclear programs should no
longer hold incentives. Should countries still pursue their own
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research, this pursuit could be considered an indicator that
interests other than economic sustainability of nuclear energy are
predominant drivers of such national programs.

A New Assessment of NPT Article 4
The central question is: What is the immediate result of the analy-
ses of this paper in regards to the practical interpretation of Article
4 of the NPT?

Primarily, the basic right of states to utilize nuclear energy for
peaceful purposes is not to be doubted. This basic right is an
essential part of both the NPT and any well balanced system to
foster the use of nuclear energy and safeguards, as well as to usher
in the final nuclear disarmament of nuclear weapons states. This
established norm of the NPT must not be jeopardized.

However, since the NPT was signed in 1968, the interna-
tional community has experienced significant changes in the
political and economical environment that are not accounted
for in the spirit in which the NPT was written. The peaceful use
of nuclear energy has to be evaluated not only with nonprolif-
eration considerations but also in ecological, economical, and
political terms. These evaluation patterns will be the basis of
future innovative nuclear technologies that will be developed
with the aim of ensuring proliferation resistance and reactor
safety. Also, for these future concepts, economical requirements
have to be met in order to ensure that nuclear energy is com-
petitive with other energy sources.

For economic reasons and for reasons of competitiveness, the
need for uranium enrichment and spent fuel reprocessing facili-
ties is questionable in countries with small- or medium-sized
nuclear programs if multi-national enterprises are able to reliably
provide services on a global scale and to guarantee long-term
services for international partners. This statement is valid not only
in the nuclear energy sector but also in other areas involving
sensitive technologies.

The INFCE discussions concluded that the institutional
framework for multi- or international cooperations can gener-
ally be implemented. The globalization and liberalization of
energy markets now provide an economic infrastructure that
can partly respond to the need to internationalize the fuel cycle.
Industry can consider strengthening the contractual basis for
guaranteeing a supply of foreign customers, but this preferably
will be done in the framework of long-term contracts and only
within the limits of the state’s guarantee to provide its authori-
zation for export.

Negotiated contracts could include provisions that institu-
tionalize the IAEA as the overseeing agency with the acknowl-
edged duty of determining if a signatory country meets the safety
requirements to receive fuel supplies. If the situation in a country
is deemed unsatisfactory, the respective country’s assured fuel sup-
ply could be suspended, and the provider of fuel could be com-
pensated by the international community. 

In the uranium enrichment or reprocessing sectors, financial
participation in a multi-national private enterprise can represent
a realistic solution that has in some instances already been imple-
mented. In the waste management sector, different multi-national
approaches under international safeguards are conceivable, but if
an international depository is to be opened, it should be identi-
fied as such by the IAEA. The IAEA’s identification should take
into consideration its safety features, safeguards applicability, and
its openness to quantities of waste coming from countries where
no such disposal program is reasonably envisioned and regardless
of the fabricated fuel’s country of origin. 

Recent cases or threats of proliferation have not stemmed
from the diversion of civil trade that was placed under IAEA safe-
guards. Neither civil plutonium nor LEU that was under safe-
guards has been used or is thought to have been used (except for
the specific case of DPRK). Instead, the main nonproliferation
threats have originated from the use of sensitive technologies
acquired by illicit or autarkical means. Thus, reinforcing the
implementation of export control regulations worldwide and
extending the commitment not to transfer these technologies can
help address these types of threats.

The nuclear industry is willing to contribute to new ideas
and to implement new contractual models that help avoid the
dissemination of sensitive technologies in too many countries,
thus supporting the task of the international safeguards commu-
nity by concentrating their efforts in a few countries. For this
purpose, Article 4 of the NPT indeed needs to be re-interpreted.
Rather than fostering the transfer of sensitive technologies and
materials, the international community should encourage shared
comprehensive solutions that allow all signatories to the treaty to
sustain reliable nuclear fuel cycles.
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IAEA to Participate in Summer
Olympic Security
The International Atomic Energy Agency
(IAEA) announced in May a joint action
plan to help ensure a high  level of nuclear
security at the 2004 Olympic Games.

The IAEA will cooperate with the
Greek Atomic Energy Commission and
the Greek Olympic Games Security
Division to provide expert advice and
technical.

The action plan is designed to protect
facilities and materials, to detect illicit traf-
ficking and malicious use of radioactive
materials, and to ensure that emergency
response forces are effective and efficient.

Much of the work in Greece has been
undertaken in cooperation with some
IAEA member states with substantial sup-
port provided by the United States and
France in the fields of equipment, training,
and technical advice.

The physical protection of the
Demokritos nuclear research reactor, in a
suburb of Athens, has been upgraded and
the security of radioactive sources used at
medical and industrial facilities in six
Greek cities has been tightened.

Radiation detection equipment has
been installed at borders and other entry
points into Greece, and mobile detection
equipment will be deployed elsewhere.
Hand-held radiation monitors are being
distributed to security personnel and cus-
toms officials involved in the security for
the Olympics. 

United States and Russia
Cooperate on Return of 
Russian-Origin Research Reactor 
Fuel to Russia
In May, the United States and Russia gov-
ernments signed a bilateral agreement
concerning the repatriation of Russian-
origin high-enriched uranium (HEU)
research reactor fuel to Russia. Under
this agreement, more than a dozen coun-
tries are eligible to receive financial and
technical assistance from the United States
and others to ship their fresh and spent
research reactor fuel to Russia for safe and
secure management.

Beginning in December 1999, repre-
sentatives from the United States and the
Russian Federation, in cooperation with
the International Atomic Energy Agency
(IAEA), began developing a new program
to support the return to the Soviet- or
Russian-supplied fresh and irradiated
HEU fuel, currently stored at foreign
research reactors. Through these tripar-
tite discussions, more than twenty research
reactors in seventeen countries have been
identified as having Russian/Soviet-sup-
plied fuel. As an integral part of this
Russian Research Reactor Fuel Return
(RRRFR) program, participating coun-
tries agree to convert their research reac-
tors from using HEU to low-enriched
uranium (LEU) fuel upon availability,
qualification, and licensing of suitable
LEU fuel.

In September 2003, under the
RRRFR program, Russia accepted approx-
imately fourteen kilograms of fresh
Russian-origin HEU from Romania. The
HEU was airlifted from Bucharest,
Romania, to Russia where it will be down-
blended and used for nuclear power plant
fuel fabrication. In December 2003, also
under the RRRFR program, Russia
accepted approximately seventeen kilo-
grams of fresh Russian-origin HEU from
Bulgaria. Most recently, in March 2004,
under the RRRFR program, Russia
accepted seventeen kilograms of fresh
Russian-origin HEU from Libya. In
addition, preparations are well advanced
for the first shipment to Russia of irradi-
ated fuel containing HEU from a research
reactor in Tashkent, Uzbekistan.

DOE Releases Final Request for
Proposals to Establish World-Class
Nuclear Technology Lab in Idaho
In May, the U.S. Department of Energy
(DOE) released a final request for propos-
als (RFP) inviting companies to submit
proposals to establish the Idaho National
Laboratory (INL) as the nation’s premier
laboratory for nuclear energy research,
development, demonstration, and educa-
tion within a decade. The Idaho National
Laboratory combines the research and

development components of the Idaho
National Engineering and Environmental
Laboratory and Argonne National
Laboratory West. The new lab will begin
operation on February 1, 2005.

INL will be a multi-program national
laboratory that will conduct science and
technology across a wide range of disci-
plines. Its mission includes the develop-
ment of advanced, next-generation
nuclear energy technologies, promoting
nuclear technology education, and applying
its technical skills to enhance the U.S.
security. The lab will continue to build on
its role as the Office of Civilian
Radioactive Waste Management’s center
for assuring the readiness of DOE spent
fuel shipments to the nation’s repository.
It will also support a host of ongoing
research and development activities for
DOE and a diverse collection of programs
for the U.S. Department of Defense, the
U.S. Department of Homeland Security,
and the U.S. National Aeronautics and
Space Administration.

The new laboratory will lead the
DOE’s research and development efforts
in developing a nuclear energy system that
will produce both inexpensive electric
power and large quantities of cost-effective
hydrogen to support the development of a
clean and efficient hydrogen economy in
the United States.

A requirement for the INL contrac-
tor to maximize opportunities for small
and regional businesses is included in the
RFP. DOE will require and approve a
small business plan under the contract
that establishes specific goals for total
planned subcontracting dollars to be
awarded to small business concerns by the
prime contractor. 

The final INL RFP, No. DE-RP07-
031D14517, may be found at the solicita-
tion Web site, http://www.INL-RFP.gov.
Additional information on the depart-
ment’s nuclear energy program, including
its research programs and the Idaho site,
may be found at http://www.nuclear.gov.

Industry News
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2004

September 20–24, 2004
PATRAM 2004:The 14th International
Symposium on the Packaging and
Transportation of Radioactive
Materials
ESTREL Convention Center
Berlin, Germany
Sponsor: 

Bundesanstalt für Materialforschung
und prüfung (BAM) in cooperation
with the IAEA and INMM

Contact: 
Web Site:
http://www.patram2004.com

October 3–6, 2004
Americas Nuclear Energy Symposium
(ANES 2004)
Deauville Beach Resort
Miami Beach, Florida, U.S.A.
Sponsor and Host: 

U.S. Department of Energy and the
American Nuclear Society

Contact: 
Caroline Raffington 
Phone: 305/348 5016 
E-mail: anes@hcet.fiu.edu 
Web Site: http://anes.fiu.edu

December 13–17, 2004 
International Symposium on Disposal
of Low Activity Radioactive Waste
Cordoba, Spain 
Organizer: 

International Atomic Energy Agency
(IAEA) 

Sponsors: 
Agence nationale pour la gestion des
déchets radioactifs (ANDRA) France,
in cooperation with the OECD
Nuclear Energy Agency (NEA) 

Contact: 
Web Site: http://www-
pub.iaea.org/MTCD/Meetings/
Announcements.asp?ConfID=1242005

2005

January 26–28, 2005
Spent Fuel Management Seminar XXII
Loews L’Enfant Plaza Hotel
Washington, D.C., U.S.A
Sponsor: 

Waste Management Technical Division
of the Institute of Nuclear Materials
Management

Contact: 
INMM
60 Revere Drive, Suite 500
Northbrook, Illinois 60062
Phone: 847-480-9573
Fax: 847-480-9282
E-mail: inmm@inmm.org
Web Site: http://www.inmm.org 

April 17–21, 2005
Monte Carlo 2005:The Monte Carlo
Method:Versatility Unbounded in a
Dynamic Computing World
Chattanooga,Tennessee, U.S.A.
Sponsor: 

American Nuclear Society
Web Site: http://meetingsandconfer-
ences.com/MonteCarlo

July 10–14, 2005
46th INMM Annual Meeting
JW Marriott Desert Ridge 
Spa and Resort
Phoenix, Arizona, U.S.A.
Sponsor: 

Institute of Nuclear Materials
Management

Contact: 
INMM
60 Revere Drive, Suite 500
Northbrook, Illinois 60062
Phone: 847-480-9573
Fax: 847-480-9282
E-mail: inmm@inmm.org
Web Site: http://www.inmm.org 

Calendar
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