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Abstract

The Programme for Development of Safeguards for the Final Disposal of Spent Fuel in
Geological Repositories (SAGOR) was carried out at the request of the International Atomic
Energy Agency (IAEA). The final reports of the SAGOR project, published in September
1998 by the IAEA (STR-312), include model safeguards approaches for all three phases of
the final disposal process. They include spent fuel conditioning facilities, operating
repositories and closed repositories. For each facility type, also the diversion paths and
detection points are included in addition to description of the needed research and
development efforts.

1. SAGOR PROGRAMME

The SAGOR Programme was initiated in 1994 and completed in 1998. The
multinational Member State Support Programme (MSSP) had participation from eight States:
Belgium, Canada, Finland, France, Hungary, Sweden, United Kingdom and United States.
Representatives from these countries and the IAEA composed the SAGOR Technical
Coordination Committee (TCC). Germany and Euratom took part as observers.

The immediate objectives of the Programme were to identify (i) the safeguards
requirements which have to be taken into account during the initial design of the facilities, and
(ii) research and development work required for effective implementation of safeguards for
final disposal of spent fuel. Retrievability of nuclear material was not considered as an option
in developing the generic safeguards approaches.

2. CONDITIONING FACILITY SAFEGUARDS

A generic conditioning facility design includes shipping and receiving area for casks, a
hot cell for repacking of fuel assemblies and cans of pins, and a hot cell for consolidation of
spent fuel pins. The diversion concerns include removal of full cask, canisters, cans of pins,
assemblies, and pins from the storage areas and conditioning process areas.

Conditioning facility will offer the last possibility for verification of fuel data. However,
the facility itself allows the use of conventional safeguards measures because spent fuel in the
conditioning facility is available for verification prior to becoming difficult, in practice
impossible, to access.

Identified safeguards measures, based on the classical safeguards, include design
information verification (DIV), nuclear material accountancy (NMA) and containment and
surveillance (C/S). The model safeguards approach includes:

• Verification of the identification of casks received and shipped, assemblies and cans of
pins.

• Application of C/S measures in storage areas and around hot cell.
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• Verification of spent fuel contents at gross or partial defect level1.
• Verification by radiation monitoring the presence or absence of nuclear material in all

containers removed from process hot cells.
• Application of dual C/S measures to full canisters and casks in storage awaiting transfer

to the repository and during transport.

3. OPERATING REPOSITORY SAFEGUARDS

An operating geological repository includes large number of excavated disposal rooms,
access tunnels to the rooms, shafts for surface access and ventilation. Disposal rooms will be
excavated also during disposal operations.

The safeguards measures need to assure that no diversion or undeclared reprocessing of
nuclear material takes place during the repository is open. Spent fuel arriving at the repository
has been verified in the conditioning facility. The verified knowledge of the nuclear material
contents will be maintained using C/S measures and item counting. In addition to reliable C/S
measures, continuity of knowledge (C-o-K) will be assured by applying item counting and
monitoring of the cask flow. For the repository area, the primary safeguards measure is design
information verification using, among other things, geophysical techniques.

The reliability of C/S measures in the repository is of crucial importance. Multiple
redundancy is required. The C/S system includes motion and radiation detectors, optical
surveillance and seals. Unmanned operation and remote monitoring of the safeguards system
will be applied.

DIV would be periodically implemented (possibly even 3-6 times per year) to give
assurance of the correctness and completeness of the declared activities and design of the
repository.

4. CLOSED REPOSITORY SAFEGUARDS

The generic repository will be operated over a period of 40-50 years before closing. The
closing phase will last several years. It includes backfilling of all drifts, tunnels and shafts to
the repository. Boreholes, surface installations and monitoring equipment will remain until the
public and regulatory authorities consider they are no longer necessary. The surface site of the
closed repository will be restored to allow unrestricted public access.

Diversion of nuclear material from the closed repository requires excavation. Possible
diversion paths were identified to include excavations of the original or new shafts and
tunnels, excavations from other mines, tunnels or caves. To detect excavation activities, the
surface area including original shafts needs to be monitored in addition to the area around the
repository. Monitoring needs to cover also the adjacent mines, tunnels and caves. Both on-site
inspections and remote monitoring may be considered.

1 Gross defect = assembly replaced or missing, partial defect = more than 50% of irradiated nuclear material
replaced or missing.

222



The model safeguards approach includes:

• Unannounced random visual inspections possibly by applying also geophysical
techniques.

• Satellite or aerial monitoring.
• Active or passive seismic monitoring.
• Application of other potential measures e.g. environmental sampling and information

analysis.

The safeguards approach doesn't require the possibility to directly verify the presence of
the nuclear material. The verification measures are directed to the integrity of the repository
site rather than to the inaccessible material itself.

5. R&D NEEDS

Research and development of new or improved safeguards measures need to be carried
out to satisfy the safeguards needs.

The specified R&D needs for the conditioning facility include:

• Non-destructive assay (NDA) methods for gross and partial defects verification of
shielded casks or overpacks, unshielded canisters, spent fuel assemblies and cans of
consolidated spent fuel pins.

• Cask weld integrity monitor for cask lid and cask bodies.
• Authentication of radiation/environmental monitors to detect indicators of pellet

diversions or reprocessing in a conditioning facility.
• Dual C/S system for casks or overpacks during transport.
• Integration of safeguards components into a unified system.

The R&D requirements related to safeguarding of the operating repository include
integrating of individual components into an integrated safeguards verification system. Such a
system would collect, store and process the information and, if required, transmit it to the
IAEA.

The specified R&D needs for operating repository include:

• Safeguards application of seismic techniques.
• Ground penetrating radar technology for verifying the repository environment.
• Automated data review and interpretation for geophysical methods.
• Unique identifiers for canisters and casks.
• Environmental sampling to detect undeclared underground processing activity.

Safeguarding of a closed repository is not only a technical challenge to the safeguards
community. The classical safeguards were based on quantitative and mechanistic application
of methods and techniques in verifying non-diversion of nuclear material. The current or
modern safeguards include also qualitative elements used in a non-mechanistic way to gain a
credible assurance of the absence of undeclared nuclear operations or facilities.
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The evolution of the strengthened safeguards system (SSS) in addition to the synergies
expected with other arms control and verification systems is expected to make the planned
safeguards approach more effective and efficient.

Specified R&D needs for safeguarding a closed repository are related to geophysical
monitoring systems and satellite surveillance. The general technological development is
expected to help solving the future monitoring needs.
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QUESTIONS (Q), COMMENTS (C) & ANSWERS (A) AFTER THE PRESENTATION

Q: You made a statement that retrievability complicates safeguards. I would like to know if
you think anything actually fundamentally changes, or if it just complicates things in another
way?

A: I think it complicates, from safeguards point of view, because if you consider a
conditioning facility, you verify declared nuclear material data and if the material is retrieved,
you somehow confirm that the data are correct. Then you come back to the verification
question again. We verified above the ground, but when it go underground, we somehow
make a control that nothing goes up again. But now if something is intended to be brought up
again, it is all again in our hands.

Q: My initial question was: taking retrievability into a design, does that fundamentally change
anything? Retrievability does not encompass the intention to retrieve.

A: May be not the way that you put it, because if you only plan to retrieve it, I think it is still
the same situation.

C: If the repository is not closed, but stays open, then of course it is much more demanding.

Chair: And we may also have an additional comment that there is not somewhere a room
adjacent where fuel is taken out of casks and reprocessed and the empty casks are then placed
somewhere.

Q: I am a little bit confused. What is the difference between an open repository and an
operating repository as regards to safeguards?

A: I think it is very much the same.
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C: I think the difference is the following. In the operational phase you have to distinguish
between the emplacement phase and the phase where you will decommission the remaining
voids, including the shafts. Not until all has been shut down and the shafts have been closed,
you will have the post-operational phase of the repository, that means the post-closure phase.

Q: No, the question was about the difference — with respect to safeguards — between an
operational phase of the repository and a repository after operation but which is still open.

Chair: This is very difficult, retrievability was not discussed in this project, so we did not take
a position here.

C: When a repository is operating, there are three phases. In one part, we are making
preparations for emplacement. Another part is already operating, that means you are putting
the fuel there, and when this is filled, you are backfilling. And if the repository is to be in
operation for 70 years, there will be many parts where there is backfilling, maybe 10, 20, 30
years before the end of that period. That makes it a bit complicated for application of
safeguards, because all the machinery and all the things one needed to stay working will still
be there. Therefore, we are giving more importance on what we call the design verification
information to confirm that there is no undeclared route to take, to confirm that the backfilled
repository has not been opened, to confirm that there is no other route on the site of another
mine from where the material can be diverted. That is — as Matti Tarvainen tried to explain
— why this is the most complicated part to handle. But once everything has been backfilled
and completely closed, then it might be easier, because there might be easier ways for
verifications, like satellite monitoring, or other types of inspection.

Q: I am wondering about these eight member states. Are these the only states working with
you? Do they have a special mission?

A: I did not have time to explain that in more detail, even though I had a plan. The eight
member states were those volunteering, countries who offered funds to consider this task for
the agency. It is a joint effort of these eight countries.

Q: Can you discuss a little more the NDA proposals? As I read this, it almost would imply
that if I have a utility ship, an intact fuel assembly, if I received that intact, then I put it intact
into a waste canister, that I would also be doing NDAs on them. Is that the intent?

A: Well, to stay on a general level, what the Agency needs to know is the correctness and
completeness of the declared data. Of course, you can verify the fuel with the NDA
measurement either before shipping or upon arrival, but the Agency tends to support the
verification as late as possible, because the transfer is always the difficulty from a safeguards
point of view. So it depends on what level of verification has been gained before shipping the
assemblies. Based on how well you know this, how well the continuity is guaranteed, you will
verify either on gross defect level or on partial defect level.

C: The point is that there are many kinds of carts that will be going in. It will arrive in one
kind of cart, and then the empty cart will go back. So diversion may take place. Material may
go back instead of being unloaded. At another point, an empty final disposal cart comes in and
a filled one will go out, and the same is true when you are transporting the material in a
transporter cart inside the repository. Because the filled one will go in and empty one will
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come out and be the used cart, there is some sort of containment and a NDA measurement
capability would likely be developed.

C: I have to make a remark concerning the strength and safeguard system of the Agency. Open
resources are only available in democratic countries, so-called western countries, through the
media, but I fear it will not happen in closed societies as, let me say, North Korea, Iraq and
such countries.

Q: A question related to the R&D needs for operating repositories. You mentioned
environmental sampling. Could you expand on that a bit?

A: Environmental sampling is a tool that the Agency is looking at very carefully nowadays.
Everybody seems to like that you just take a sample anywhere, and it is a magic sample, which
tells you all about your history and background. The serious part of it is that the environmental
sampling is included in the measures to reveal the diversion of pellets or rods etc. at this level,
any leakage or emissions. It is discussed in more detail in the reports because they are long
stories, it is difficult to give a short answer unfortunately.

Q: Presumably, retrievability and the potential impact of that will be on the agenda for your
new experts group at IAEA?

A: Yes, retrievability will be on the agenda of the experts group in the future.

C: I think we cannot know the answer to the question of retrievability, when we design
safeguards. Depending on when the retrievability will occur, all the safeguard activities have
to be resumed. Depending on that, intrusion may be too much.

A: So it will be proposed by the Agency.

Q: The new group you mentioned, that met at STUK, is that a just a continuation of the old
group, the same eight countries, or a different group?

A: At the start of the four years period of co-operation, the group was not very easy to handle,
with members coming from very different countries and conditions. After four years of co-
operation, we started to communicate and that means that we have started to share
understanding. So communication in the way that you share opinion was a good basis. We
then made faster progress because we had already established the rules for the group. That is
why it was proposed that it would be a pity if we lose this group with this expertise and
background, and so it was proposed by the Agency to continue this discussion on safeguards
that is rather new, including the back end of the fuel cycle.

Q: You said the first part of the SAGOR group was financed by the eight countries, is this
continuing group also budgeted that way?

A: Yes, because of the fact that we only get funds through the support programmes. So the
support programmes makes a framework for us to be able to get funds for this work.
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