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Abstract. Safeguards for nuclear materials in geologic repositories have to be continued even after the
repository has been backfilled and sealed. The nuclear materials disposed in a geologic repository may
pose a higher and long-term proliferation risk because the inventory is many times the "significant
quantity" needed safeguards. The safeguards measures must be flexible enough to respond to the
changing development of technology and changing need for current as well as future generations.
Change in social, economic, environmental and other scenarios might demand recovery of nuclear and
other materials from the repository sometime in the future.

1. INTRODUCTION

Geological repositories are at present being designed and will be built and operated early next
century. Geological media for direct disposal may include clay, crystalline rock, salt or tuff.
The operational life of a repository is expected to be 20 - 70 years before it is finally closed,
completely back-filled and sealed. The spent fuel in a typically filled repository is expected to
contain 2 000-200 000 tons of uranium and 20-2 000 tons of plutonium. In addition, a
repository might also contain a wide range of radioactive waste some of which will not
qualify for termination of safeguards. Excess fissile material resulting from the dismantling of
nuclear weapons may be disposed by being placed in geological repositories as well. Thus,
geological repositories will eventually have a higher and long-term proliferation risk.

Most of the nuclear material disposed in this way will be subject to international safeguards
pursuant to the Treaty on the Non-Proliferation of Nuclear Weapons (NPT) requiring "the
timely detection of diversion of significant quantities of nuclear material from peaceful
nuclear activities to the manufacture of nuclear weapons or of other nuclear explosive devices
or for purposes unknown, and deterrence of such diversion by the risk of early detection."
However, any safeguards measures should "be consistent with prudent management practices
required for economic and safe conduct of nuclear activities."

Geological repositories for radioactive material are designed to provide long-term isolation
from the human environment by means of a system of barriers both natural and man-made. It
is important that once a repository has been closed and sealed, it should be ensured that it is
not disturbed in a way which could impair its safety barriers. For repositories containing spent
nuclear fuel (and possibly also for those containing high level wastes) safeguards are to be
continued in order to prevent possible diversion of nuclear materials. A possible issue is about
the nature of the safeguards needed for repositories and, in particular, whether those measures
would disturb the passive safety features of a repository. It is, therefore, imperative that
safeguards measures take into account safety considerations. The prescribed measures should
meet the safeguards objectives effectively and efficiently. When and if, anomalies are
detected the International Atomic Energy Agency (IAEA) should be able to determine
whether the anomalies are due to a cause that needs attention and follow up.

2. VERIFICATION OBJECTIVE

The objective of safeguards for nuclear material in geological repositories is to assure with a
high degree of confidence that the material to be disposed is as declared, is emplaced in the
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repository and remains within the repository. The specific objectives for each phase of the
disposal process are:

• Operating repository

Provide credible assurance that the quantity of nuclear material declared to be transferred into
a repository is transferred into the repository and any undeclared removal of nuclear material
would be detected.

• Closed repository

Provide credible assurance that an undeclared breaching of the integrity of a repository is
detected and continuity-of-knowledge of the nuclear material is not lost because of a
safeguards system failure.

3. INTERNATIONAL COOPERATION

The IAEA took the lead in initiating an integrated approach to identify safeguards issues and
to develop safeguards measures with active participation of Member States. Advisory Group
and Consultants' Meetings have been organised since 1988 at germane intervals. These
meetings were instrumental in formulating policy and technical guidelines ^' '3>4>5'6^ In
addition, a programme for the Development of Safeguards for Final Disposal of Spent Fuel in
Geological Repositories (SAGOR)̂ 7'8-" was launched to foster technological advancement. A
departmental policy paper for application of safeguards has been adopted in order to provide
sufficient guidance to identify safeguards measures beginning with the planning and design
phase, in particular: to indicate the standards to be used for the application of safeguards, to
ensure that these standards are integrated into the repository design and to permit adherence to
these standards during the construction and operation of the repository in order to establish an
effective and efficient safeguards system.

The mission of SAGOR, a multinational Member State support programme, is to ensure that
the safeguards systems developed for the final disposal of spent fuel effectively meet the
objectives of IAEA safeguards, optimise IAEA resources, and make best use of existing
technologies while still meeting the objectives of safety and environmental protection[9].

4. HIGHLIGHTS OF THE POLICY

Spent fuel disposed in geological repositories is subject to safeguards in accordance with the
applicable safeguards agreements. Safeguards for such material are to be maintained after the
repository has been back-filled and sealed and for as long as the safeguards agreement
remains in force. The safeguards applied should provide credible assurance of non-diversion
and absence of any undeclared activities.

The safeguards systems must meet rigorous system specifications and standards in order to
function for a very long period with minimum or no service, perhaps in a rugged environment
and preferably in unattended mode. Since emplaced spent fuel cannot be re-verified, sufficient
redundancy, diversity and robustness should be incorporated into the safeguards system and
adequate maintenance measures be applied to avoid system failure and ensure continuity-of-
knowledge. The safeguards systems for a repository will be based on: verification of design
information during design, construction and operation; verification of receipts and flow that
no nuclear material is removed by any declared or undeclared access routes; and maintenance
of continuity-of-knowledge on the nuclear material content.
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5. INTEGRATED SAFEGUARDS VERIFICATION SYSTEM (ISVS)

An ISVS will be applied to verify transfer, flows and inventory of the spent fuel disposal
containers and to maintain continuity-of-knowledge on the nuclear material. It should be
comprised of elements of containment and surveillance (C/S), monitoring and non-destructive
assay (NDA) systems, as well as design information verification (DIV), geophysical,
environmental and radiological systems, as applicable. An ISVS should have the capability of
functioning, as far as is practicable, in automated, remote control and remote data
transmission modes. An ISVS should have high system reliability and capability to detect
component failures and to notify the IAEA in a timely manner of such failures, preferably by
remote transmission.

6. DESIGN INFORMATION VERIFICATION (DIV)

DIV constitutes an important safeguards measure during the pre-operational and operational
phases. DIV should confirm the design of the geological repository and detect any undeclared
modifications and activities, both in the repository and in its vicinity. The IAEA should verify
that the excavation areas are as declared and that there are no undeclared excavations. As the
repository design will change during excavation, for example to adapt to geological findings,
the application of DIV must be a flexible, ongoing process. During the operational phase, the
IAEA should also provide assurance of the absence of undeclared underground reprocessing
and an assurance of no undeclared operational capability underground which could mask the
substitution between containers.

Once the repository is closed and sealed, safeguards should consist of suitable surface
monitoring measures to provide assurance of 'no access' to nuclear material, e.g., visual
observation through photographic techniques or video-recording, remote surveillance
including optical, satellite, geophysical and environmental techniques. These measures should
be adapted to site specific requirements. Upon request by the IAEA, the State should provide
access to any building or to any location at the geological repository site or to any location
outside a geological repository site which the IAEA considers might be functionally related to
the geological repository. Arrangements should be made with the State for advance
notification to the IAEA of any a) intention to access the sealed geological repository after
final closure; b) intention to retrieve the spent fuel from the geological repository; c) intention
to retrieve any other material from the geological repository; and d) tunnelling, mining or
blasting activities in the vicinity of the repository.

7. SAGOR PROGRAMME

The SAGOR programme, established at IAEA in September 1991 has been subscribed to by
eight Member States, viz., Belgium, Canada, Finland, France, Hungary, Sweden, UK and
USA. Germany who had earlier initiated a separate programme participated as an observer. A
Technical Co-ordination Committee (TCC) was formed in March 1994 to ensure an integrated
approach and to foster technological advancement towards the development of a
comprehensive safeguards system.

8. INTEGRATED PROGRAMME

An integrated task programme was adopted for detailed analysis of geological repository
scenarios with the sub tasks: describe a model facility, identify diversion path and detection
point, identify events and conditions requiring DIV and examination procedures, evaluate
IAEA use of operators' safeguards, safety and process system outputs, identify potential
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application of geophysical techniques, evaluate NDA techniques for spent fuel verification
and radiation monitoring, evaluate C/S techniques and integrated verification systems for
spent fuel monitoring, determine guidelines for acceptable safeguards approaches, design
safeguards approach, evaluate candidate approach, select safeguards approach and identify
R&D needs towards developing the complete system.

Scenario 1: Operating Repository

The safeguards strategy is based primarily on maintenance of continuity-of-knowledge. The
recommended safeguards approach is to use item accounting supported by a reliable and
comprehensive monitoring system above ground to verify, inter alias, the flow of full casks
and over packs. DIV is recommended as the primary safeguards measure underground. DIV
would include geophysical methods.

Inaccessibility of emplaced canisters for verification implies a very high degree of reliability
to be incorporated in the safeguards system. This will be achieved by the use of intrinsically
reliable systems with multiple redundancies. The monitoring system will be comprised of an
integrated system of motion and radiation detectors, optical surveillance, seals and NDA, as
appropriate. These will be designed for independent operation and remote monitoring to
minimise the presence of inspectors at the site. These should give inspectors confidence that
the received full casks are transferred to the underground area without tampering. All
potential access points to the repository would be rigorously monitored to ensure that no
undeclared items leave or enter the underground area.

DIV would be periodically implemented to provide, among others, assurance that the physical
structure and operations of the repository are in full accord with the details provided in the
State's official reports to the IAEA. Geophysical methods would be used as a means of
supporting DIV activities as well as an element of surveillance. Additional safeguards
measures were considered for the underground material balance area if measures in the
recommended approach prove impractical or ineffective in specific cases.

A major goal of future development is integrating individual safeguards components into an
integrated safeguards verification system(s) that will collect, store and process the
information, and, if required, transmit it to IAEA Headquarters. Important areas for future
research and development include the following:

• safeguards application of seismic techniques;
• ground penetrating radar technology for routine use in verifying repository

environment;
• automated data review and interpretation for geophysical methods;
• unique identifiers for canisters and casks; and
• Environmental monitoring to detect undeclared underground processing activity.

Scenario 2: Closed Repository

After closure of a repository diversions can only take place by excavation. Therefore, the
diversion paths consist of (i) excavations of the original shafts and tunnels, (ii) excavations of
new shafts and tunnels, and (iii) excavations from other mines, tunnels, or caves. The best
locations for strategic point measurements are (i) the entrance of the original shaft, (ii) the
surrounding area on the surface above the repository, and (iii) adjacent mines, tunnels, or
caves.
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The proposed safeguards approach consists of safeguards measures implemented at the
detection points. For the closed repository, the suggested safeguards measures include (i)
unannounced random visual inspection by an inspector with possible application of
geophysical techniques, (ii) satellite or aerial monitoring, and (iii) seismic monitoring. All
these measures can be employed at each detection point with varying degrees of sensitivity.
Visual inspection would be most effective at the original shaft or at adjacent mines or caves. It
would be less useful for surface inspections over the larger surrounding area above and near
the repository. However, satellite monitoring would be most useful for surface area
inspections. Seismic monitoring could be both passive and active. Passive seismic monitoring
could be used on a continuous basis to detect seismic signals created by excavation activities.
Other geophysical monitoring techniques could be used during on-site inspections to detect
the results of excavation activities. Remote transmission of data could be expected to reduce
costs and provide for early detection of undeclared activities. Additional safeguards measures
applicable to detection of diversion from a closed repository include environmental sampling
and information analysis.

The proposed safeguards procedures and technologies show promise but need further
development effort to demonstrate their effectiveness. Research and development for
geophysical monitoring systems and satellite surveillance are needed to increase their
sensitivity and to determine their powers of detection of undeclared excavation activities.
Applicable technologies are expected to evolve significantly over the time until repositories
will be closed. The final safeguards approach must take into account these technological
advances, the evolution of the strengthened safeguards system, and synergies with other arms
control monitoring systems.

9. FUTURE WORK

It was clear that elements of the Strengthened Safeguards System have a direct role to play in
the application of safeguards to the final disposal of spent fuel in a geologic repository.
Nevertheless, future research and developments are needed for:

• NDA of spent fuel,
• Reliability of safeguards equipment,
• Design of integrated, remotely interrogated verification systems,
• Confirmation of the identity and integrity of disposal casks,
• Satellite imagery,
• Environmental sampling, and
• Conceptual work on safeguards for a closed repository.

10. CONCLUSION

Safeguards for nuclear material in geological repositories have to be continued even after the
repository has been back-filled and sealed. The effective application of safeguards must
assure continuity-of-knowledge that the nuclear material in the repository has not been
diverted for an unknown purpose. The nuclear material disposed in a geological repository
may eventually have a higher and long-term proliferation risk because the inventory is
substantially larger. However, the safeguards measures must be flexible enough to respond to
the changing development of technology and changing need for current as well as future
generations. Change in social, economic, environmental and other scenarios might demand
recovery of nuclear and other material from the repository sometime in the future. Current
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development effort will have to be in tune with other factors to optimise safeguards
effectiveness, such as:

• The different geological media - with consequent differences in excavation difficulties
and scope for use of geophysical techniques;

• Technical concepts, for example, repository layout, depth, potential for retrievability,
time period for which the repository will be kept open;

• Advancement in safeguards technology, i.e. procedures, equipment;
• Advancement in mining technology which may make disposal of spent fuel more

easily accessible;
• Incentives for recovery of spent fuel material for energy production or other purpose;
• Socio-political factors (e.g. regarding the other institutional controls, the importance of

safeguards in the distant future is not known);
• The interpretation of the principle of radioactive waste management that waste shall

be managed in a way that will not impose undue burdens on future generations.

Detailed threat analysis, diversion strategies and safeguards approaches are need to be
examined for each specific repository. The primary assumption on which the threats and
diversion strategies for geological repositories are based is that spent fuel will be disposed
only as verified nuclear material on which continuity-of-knowledge has been maintained.

Close co-operation between the IAEA and international community is the key to effective and
efficient safeguards for such a complicated facility. In addition, participation of experts as
well as advancement in other disciplines, namely safety, waste management, environmental
protection, whose understanding of safeguards needs are indispensable, will have a significant
role in geological repository affairs.
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