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Abstract

Recent developments in the light of the IAEA verification requirements for MOX fuel at reactors
and bulk handling facilities are discussed. Impact of the Additional Protocol and Integrated Safeguards
System is briefly addressed. Agency's work undertaken with regard to the nuclear arms control and
reduction is presented.

1. INTRODUCTION

International nuclear material safeguards consist of a complex control system based on nuclear
material accountancy with the technical objective of providing for " . . . the timely detection of diversion
of significant quantities of nuclear material from peaceful activities to the manufacture of nuclear
weapons or of other nuclear explosive devices or for purposes unknown, and deterrence of such diversion
by the risk of early detection" (para. 28, INFCIRC 153).

The uniform implementation of safeguards is maintained in all States with comprehensive
safeguards agreements through application of technical implementation criteria which provide detailed
requirements and procedures for how safeguards are to be implemented in any given circumstance. The
intensity ( i.e. the frequency and extent ) of the IAEA's verification of nuclear material inventory is
determined by the values assigned to technical implementation parameters such as a significant quantity
and timeliness (ref: "timely detection"). The Agency has defined a "significant quantity" as the amount of
a particular material ( e.g. 8 kilograms of plutonium) as the amount of material that a State would need to
make a nuclear explosive device. The detection time used in safeguards planning and evaluations is the
maximum time that may elapse between diversion and its detection by the Agency safeguards. For direct-
use nuclear materials ~ such as unirradiated mixed oxide — the detection time is specified as one month.

At the end of 1998 a total of 62.4 tonnes, equivalent to 7797 SQs, of unirradiated plutonium
outside reactor cores was subject to IAEA safeguards. During 1998 fresh MOX was loaded into the cores
of 14 reactors, and there were half a dozen plutonium conversion and MOX fabrication plants
safeguarded by the Agency. In 1998 the Agency used ca 10000 Person-days of inspection effort of which
one quarter was devoted for facilities using unirradiated plutonium. In order to reduce inspection costs
the Agency has during recent years enhanced co-operation with the State or Regional Accounting
Systems by introducing joint/common use of equipment and inspection procedures, coordinated R&D and
training. However, both in Europe and in Japan the use of MOX LWRs is going to grow in coming years.

2. NEW METHODS AND TECHNOLOGIES

Over the years, the Agency has had to develop increasingly sophisticated verification methods to
provide credible assurance that plutonium is not diverted from MOX conversion and fabrication facilities,
and from reactors using MOX fuels. Some important accomplishments in this area are:

• the development of improved destructive analysis methods for laboratory analyses of all bulk
forms of plutonium;

• the development of measurement procedures permitting independent on-site measurements of
amounts of plutonium and plutonium isotopic ratios in feed materials, intermediate product
materials, fuel rods and fuel assemblies, and in scrap and waste materials, through non-
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destructive assay methods, including spontaneous fission assay methods by neutron coincidence
and multiplicity measurements, isotopic ratios through high resolution gamma ray analysis, and
calorimetric assay methods;

• the development of non-destructive assay methods for determining process hold-up within glove
boxes and transfer equipment;

• the development of computer software for use during inspections to process operator inventory
and flow information to expedite inspections, including the streamlining of the preparation of
sample plans and the extrapolation of inspection findings from the use of random sampling.

During last decade there has been a steady increase in the number of unattended verification and
monitoring systems which have resulted an increase in the verification coverage and at the same time
reduce on-site safeguards inspections. The systems operate in unattended mode and combine
surveillance, non-destructive assay techniques and or process monitoring devices. The advantages of such
systems are: reduced inspection effort, 100% verification with reduced levels of intrusiveness to the
operation of the nuclear facility and reduced radiation exposures to inspectors and plant operating staff.
Such assay and monitoring techniques are applied at complex , and especially automated and remotely
operated facilities.

More recently, a variety of advanced unattended systems for remote monitoring and transmission
through telephone lines or other secured data transmission channels have been developed. The
instruments used in such applications include digital surveillance cameras, electronic seals, and radiation
monitors and sensors. Remote monitoring offers the possibility of replacing on-site activities which
involve unattended assay and monitoring systems with data collection, review and evaluation at a remote
location, in essentially real time. The use of remote monitoring is anticipated to be in connection with a
reduced number of inspections, either announced or unannounced. Unannounced inspections have the
potential to reduce inspection frequencies significantly when applied randomly on large group of similar
facilities.

2.1. Safeguards of MOX Fuel at Reactors

The approach the Agency has taken is to concentrate the NDA verification activities to the fuel
fabrication facilities by maintaining the continuity of knowledge on fresh MOX during shipment and
storage at LWR reactors until the core loading using containment and surveillance techniques/1/. The
MOX fuel is normally stored at LWRs in a wet storage; only at a few installations the elements are being
placed to dry storages. The shipping containers are sealed by metal cap seals and/or VACOSS seals
which are removed at the reactor by the IAEA inspector prior to placing fuel into the storage. Until core
loading fresh MOX fuel is covered by surveillance where the Agency is currently introducing digital
surveillance devices such as ALIS and DMOS to replace MFVS or Digiquad equipment.

Of particular importance is the requirement to verify the category change of fuel during core
loading i.e. the downgrading from unirradiated to irradiated direct-use material. The current practice is to
apply surveillance to confirm the transfer of each fuel assembly to the core and confirm that it has not
been removed from there until the core is closed. There are two options to cover this : human
surveillance with a presence of inspectors during the relevant operations and/or unattended video
surveillance including underwater cameras with a recording frequency of the order of one minute per
image. Whichever method is applied for verification the inspectorate needs to ascertain that all
assemblies went into the core and none of them have been removed, concealed as a dummy or discharged
as a spent fuel. Depending on the type of reactor the verification effort in the human surveillance option is
20-30 PDIs when the surveillance option typically requires 6-10 PDIs.

Now when authenticated digital surveillance systems such as DMOS come available the Agency
can in future rely increasingly to the activities done by the SSAC such as the New Partnership Approach
and/or to take the advantage of remote monitoring. The Agency has also acquired a number of CdTeZn
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detector systems which can be used for the verification (gross defect) of fresh MOX under water without
or with minimum movement of fuel assemblies 111. For the partial defect measurement of fresh MOX
fuel the Underwater Coincidence Counter is used.

Unattended monitoring system in other plutonium fueled reactors such as MONJU, JOYO and
FUGEN are based on GRAND electronics which are using neutron detectors on fuel transfer paths,
connected to an electronic cabinet containing redundant data collection and computer software enabling
data collection, retrieval and evaluation. The systems have uninterruptible power supplies to ensure
reliability 131.

2.2. Safeguards of MOX at Bulk Handling Facilities

The basic requirement is to verify PuO2 and MOX powder in the annual physical inventory
taking with a high detection probability for gross, partial, and bias defects. For fuel rods, fuel assemblies,
and other fuel items verification for gross and partial defects is required. Other bulk material such as
waste needs to be verified fro gross defects. These requirements are also valid for the verification of
receipts and shipments but to minimize the need of reverification the Agency uses intensively C/S
measures such as seals to ensure the continuity of knowledge of nuclear materials. In addition, it is worth
of noting that direct use material not verified should not exceed 0.3 SQ in physical inventory taking or 0.6
SQ in inspections for timely purposes. In particular with regard to the in-process inventories special
arrangements need to be done.

Since early 1980's the High Level Neutron Coincidence Counting (HLNC) has been the main
method used by the Agency for verification of plutonium bearing materials. The application of
unattended assay and monitoring systems based on the HLNC techniques was first introduced in 1988 at
PFPF in Japan and was considered a major advancement for reduction of inspection effort and
simultaneously improved safeguards coverage. More recently advanced systems have been introduced in
co-operation with Euratom at WBNP and WBFP in Belgium./4/

During last decade increasing amount of automatization has become a reality in the process lines
and material storages. These developments restrict access to the process area, and consequently to nuclear
material, and make also frequent clean out of glove boxes difficult and costly. To overcome these
problems a number of systems for the measurement of plutonium contents in glove boxes such as the
Glove Box Assay System (GBAS), Material Accountancy Glove Box System (MAGB) to verify
plutonium in clean scrap, Plutonium Scrap Multiplicity Counter (PSMC) for dirty scrap have been
developed. Waste Drum Assay System (WDAS) and Big Box Assay System (BBAS) for large containers
have been introduced for the verification of plutonium in waste. In addition, procedures for other
accountancy issues such as characterization of materials and nuclear decay (loss) corrections have been
improved 151. Near-Real-Time-Accountancy (NRTA) is a key part of the verification scheme at PFPF.

Recently solution monitoring system for plutonium nitrate has been introduced at PCDF in Japan
161. The system is based on sensors introduced inside the tanks containing the nitrate solution which are
then connected to electronic devices to process the signals and computers for collection and storage of
data. The data are collected every few seconds and filtered to enable analysis by inspectors. The
authentication of data is ensured by application of containment measures on the electronics cabinet
containing electronic devices and data collection computers operated with authenticated software.

3. TOWARDS STRENGTHENED AND INTEGRATED SAFEGUARDS SYSTEM

In the past few years , the Agency has intensified its efforts to strengthen the effectiveness and
improve the efficiency of the safeguards system including its efforts to enhance its capability for
detecting undeclared nuclear material and activities. A number of strengthening measures endorsed by
the Board were implemented by the Secretariat on the basis of the legal authority contained in existing
safeguards agreements. In May 1997, the Board of Governors approved the text of a Model Protocol
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additional to the safeguards agreements which, when implemented, will further increase the assurance of
the compliance by States with their safeguards agreements provided by the safeguards system as a
contribution to global nuclear non-proliferation objectives. To date, Additional Protocols covering 40
States have been signed.

The Secretariat is working on the integration of the traditional nuclear material accountancy-
based safeguards measures implemented pursuant to safeguards agreements and on the information-based
safeguards measures implemented pursuant to additional protocols. The aim of this Integrated Safeguards
System is to optimize the combination of all the safeguards measures available to the Agency in order to
achieve maximum effectiveness and efficiency in fulfilling the Agency's obligations under safeguards
agreements. To do this, the system has needed to move beyond its focus on nuclear material accountancy
- essentially a quantitative audit system designed to keep track of material declared to the Agency - to a
system based on more qualitative assessments. This has entailed development in three major directions:
more information, wider access to locations and greater use of advanced technology in areas such as
remote monitoring and environmental sampling. In implementing this system, the Agency's objective is
to achieve optimum effectiveness and efficiency by balancing fully the traditional nuclear material
accountancy system with the strengthened measures. When confidence level grows with the new
measures, alternative trade-off measures will be sought to reduce costs without sacrificing the over-all
detection capability.

4. FUTURE PROSPECTS OF VERIFICATION

Thus far we have dealt with the development of the new integrated safeguards system and with
the present verification responsibilities of the Agency. We would like to conclude the role of the IAEA
safeguards by mentioning work undertaken with regard to the verification of nuclear arms control and
reduction agreements. In addition to a complete ban on nuclear testing, two actions have always been as
indispensable to nuclear arms reduction and nuclear disarmament: freezing the production of fissile
materials for nuclear weapons purposes and the gradual reduction of stockpiles of such materials.

Last August, the United Nations Conference on Disarmament formed a Committee to negotiate a
treaty prohibiting the production of fissile material for use in nuclear weapons or other nuclear explosive
devices. According to the CD's rules and procedures, that Committee was disbanded at the end of their
1998 Session. When the Committee is re-established, the Agency is prepared to offer assistance, if
requested, in developing the technical verification arrangements for the treaty.

In September 1996, the Agency, the United States of America and the Russian Federation agreed
to investigate the technical, legal and financial issues associated with Agency verification of fissile
materials in those States that had been removed from defense programs in conjunction with bilateral
nuclear arms reduction treaties. Currently , the United States and the Russian Federation have each
designated 50 tonnes of plutonium as no longer required for their respective defense purposes. Under the
trilateral discussions, arrangements are being developed that would allow classified forms of fissile
material to be submitted to Agency verification, pending steps later to convert the fissile material to
unclassified forms and render it unsuitable for further use in nuclear weapons. As progress in the
technical arrangements is made, a model verification agreement is being developed. It is anticipated that
this initiative will lead to parallel bilateral fissile material verification agreements with the United States
and the Russian Federation, not earlier than 2000.

References

[1 ] ARENAS CARRASCO, J., KOULIKOV, I., HEINONEN, O.J., ARLT, R., GRIGOLEIT,
K., CLARKE, R., SWINHOE, M., TURNER, D., "Safeguards on MOX Assemblies at LWRs",
International Symposium on MOX Fuel Technologies for Medium and Long Term Deployment:
Experiences, Advances, Trends, Vienna, Austria, May (1999).

77



[ I ] APARO, M., ARENAS CARRASCO, J., ARLT, R., BYTCHKOV, V., ESMAILPOUR, K.,
HEINONEN, O., HIERMANN, A., "Development and Implementation of Compact Gamma
Spectrometers for Spent Fuel Measurements", 2 1 s t ESARDA Annual meeting, Sevilla, Spain,
May (1999).

[3] IWAMOTO, T., KOBAYASHI, H., NAGAMATSU, K., TAKAHASHI, S., MENLOVE, H.,
HALBIG, J., KLOSTERBUER, S., WENZ, T., ABEDTN-ZADEH, R., AMMAN, P., ELOMAA,
P., Performance of Radiation Monitoring Systems at MOX Fueled Reactors in Japan",
Symposium on International Safeguards, Vienna, Austria, October (1997).

[4] TOLBA, A., KARASSUDDHI, P., TURNER, D., TOURWE, H., SCHWALLBACH,
P., ROBEYNS, G., BECKERS, J., INGELS, R., MARIEN, J., BOERMANN S, P., "The
Unattended NDA Systems at MOX Fuel Fabrication Facilities in Belgium", International
Symposium on MOX Fuel Cycle Technologies for Medium and Long Term Deployment:
Experience, Advances, Trends, Vienna, Austria, May (1999).

[5] MOUSSALLI, G., PIANA, M., SELLINGSCHEGG, D., "The Safeguards Activities Related to
Hold up at an Automated MOX Fuel Fabrication Facility", Symposium on International
Safeguards, Vienna, Austria, October (1997).

[6] HASSAN, B., PIANA, M., MOUSSALLI, G., SAUKKONEN, H., KURISAKI, T., HOSOMA,
Monitoring of Plutonium Solution in a Conversion Plant", International

Symposium on MOX Fuel Cycle Technologies for Medium and Long Term Deployment:
Experience, Advances, Trends, Vienna Austria, May (1999).

78


