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Abstract

Disposal of spent nuclear fuel in geological formations, without reprocessing, is being considered in a
number of States. Before disposal the fuel will be encapsulated in a tight and corrosion resistant container. The
method chosen for disposal and the design of the repository will be determined by the geological conditions
and the very strict requirements on long-term safety. From a safeguards perspective spent fuel disposal is a
new issue. As the spent fuel still contains important amounts of material under safeguards and as it can not be
considered practicably irrecoverable in the repository, the IAEA has been advised not to terminate safeguards,
even after closure of the repository. This raises a number of new issues where there could be a potential
conflict of interests between safety and safeguards demands, in particular in connection with the safety
principle that burdens on future generations should be avoided. In this paper some of these issues are
discussed based on the experience gained in Germany and Sweden about the design and future operation of
encapsulation and disposal facilities. The most important issues are connected to the required level of
safeguards for a closed repository, the differences in time scales for waste management and safeguards, the
need for verification of the fissile content in the containers and the possibility of retrieving the fuel disposed
of.

1. INTRODUCTION

Spent nuclear fuel still contains important amounts of uranium and plutonium that could
be reused as fuel. The original plans in most countries were thus that the fuel should be
reprocessed and that the material should be recycled in nuclear reactors. Since some years
now, however, a growing number of countries are considering to dispose of all or some of its
spent nuclear fuel as waste, directly without reprocessing. This was not foreseen when the
existing safeguards regime was created. The disposal of spent nuclear fuel thus raises a
number of issues connected to the safeguarding of the fuel during handling, storage,
conditioning and disposal. In this paper some of these issues will be discussed.

The disposal route foreseen for long-lived radioactive waste in most countries is
disposal at depth in geological formations. This is also the disposal method foreseen for
encapsulated spent nuclear fuel. Research and development work as well as siting activities are
going on in many countries and it could be foreseen that some repositories for spent nuclear
fuel will be in operation in about 10-20 years from now.

Before disposal the spent fuel will be conditioned by encapsulation in a tight and
corrosion resistant container. The method chosen for disposal will be determined by the very
strict requirements on the long-term safety of the repository. In the IAEA Safety Fundamentals
Report on 'The Principles of Radioactive Waste Management" [1] it is stated that:

"The objective of radioactive waste management is to deal with radioactive waste in a manner
that protects human health and the environment now and in the future without imposing undue
burdens on future generations. "
and that:
"Conflicting requirements that could compromise operational and long term safety should be
avoided"
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The ethical principle underlying these statements is that the generation that benefits
from the nuclear production and produces the waste shall bear the responsibility for managing
the waste. At the same time it is also clear that it would not be ethical to deprive the future
generations of their right to retrieve the material if they so wish. The reason for this could be to
reclaim the energy resource still available in the fuel or to improve the isolation of the waste.

In particular the fact that no undue burdens must be imposed on future generations can
be interpreted such that the repository should be designed so that it will not require any long-
term control for safety reasons. It does not, however, exclude the possible use of institutional
control arrangements, e.g. for safeguards reasons as long as they do not impair the safety of the
repository. Also from a safety point of view it might be of interest to continue monitoring the
repository for some period of time, not least with regards to public acceptance.

To achieve the required level of safety, the repositories will be designed in such a way
that the spent fuel will not be easily accessible for direct safeguards control. In most designs,
however, it will still be possible to retrieve the fuel long after disposal, even if this will require
a substantial effort.

The spent fuel still contains important amounts of material under safeguards. The IAEA
has therefore commissioned a number of studies on the need for safeguards during and after
the conditioning and disposal of the spent nuclear fuel. In 1988 an Advisory Group meeting [2]
reached the following conclusion:

"...that spent fuel does not qualify as being practicably irrecoverable at any point prior to, or
folio-wing, placement in a geological formation... and recommend that the IAEA should not
terminate safeguards on spent fuel. "

This implies a potential conflict of interests between safety and safeguards, as regards the need
for control after closure and the possible burdens on future generations. This might be true
with regard to traditional safeguards. However, with the evolving picture about modern
safeguards it is clear that the potential conflict can be resolved. It was also concluded at a
Consultants meeting of the IAEA in 1995 [3]:

" Not withstanding the eventual large fissile material inventories involved, and the wide
variation in the form of repositories, the consultants concluded that there are techniques and
methods which can be deployed such that the IAEA will be able to derive appropriate
safeguards assurances."

In this paper some of the key issues of safeguards for conditioning and disposal of spent
nuclear fuel are discussed and some examples are given about the approach made in particular
in Germany and Sweden.

2. SOME SYSTEMS FOR SPENT NUCLEAR FUEL DISPOSAL

2.1. General overview

Disposal of spent nuclear fuel is considered in e.g. the US, Canada, Finland, Germany,
Spain and Sweden. Studies are going on also in other countries. All the concepts studied have
the common approach that the spent fuel will be encapsulated in a tight container and that the
container will then be brought down into a repository at great depth, 500 - 1000 m, in a
geological formation. The tunnels or shafts will then subsequently be backfilled and closed.
Before encapsulation the fuel will be stored for 10 years or more. During this period the
radioactivity and the heat output decay and the emplacement of the waste in the repository can
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be made more efficiently, as most repositories are limited by the maximum allowed
temperature in the rock, and thus by the decay heat of the fuel at the time of disposal.

The management of spent nuclear fuel for direct disposal will comprise the following
components:

• Storage at reactor. After removal from the reactor core the fuel will be stored in the
spent fuel pools at the reactor for at least almost a year and in many cases for ten
years or more.

• Transport. The fuel will then be transported to an interim storage facility in heavy
shielded transport casks.

• Interim storage. Different types of interim storage facilities are in operation. In
Germany e.g. the fuel is stored in the same casks as are used for transport and thus
no handling of fuel assembly is made at the storage facility. In Sweden the spent
fuel is removed from the transport cask at the interim storage facility and stored in
deep water pools. Also dry storage facilities exist where the fuel is transferred from
the casks to a storage area, either as separate and identifiable fuel assemblies or
inside a sealed canister. In some cases the fuel assemblies are disassembled before
storage and the fuel rods are packed closer to increase the storage capacity (rod
consolidation).

• Encapsulation. Before disposal the fuel is then transported to an encapsulation
facility, where the fuel assemblies are placed in a large disposal container that is
welded tight. Until now no encapsulation facility is in operation. In Germany a pilot
encapsulation facility, the so-called Pilot-Konditionierungsanlage (PKA), is in an
advanced stage of construction at Gorleben. The PKA is scheduled to be in
operation in 1998.

• Disposal. The encapsulated fuel is then transported to the repository site and
transferred underground for disposal in a tunnel or vault system. When one disposal
area is full the tunnels and vaults of that area will be backfilled (either directly or
after a certain time). Later when all waste has been disposed of in the repository the
entrance tunnels and shafts will be closed and the aboveground facilities will be
removed. Until now no disposal facility for spent fuel is in operation.

For the first three steps, storage at reactor, transport and interim storage safeguards
regimes have been developed and applied on a routine basis. For the encapsulation plant and,
in particular, for the disposal facility new safeguards strategies and methods are being
developed, since 1988, under the German Support Programme to the IAEA and, since the early
1990's, under a joint task of several IAEA Member States Support Programmes (Development
of Safeguards for Final Disposal of Spent Fuel in Geologic Repositories (SAGOR)), the results
of which will be presented this autumn.

The general description of the spent fuel management system for disposal given here is
valid for most countries. A lot of similarities exist in the different systems studied. There are,
however, certain differences that are of importance from the point of view of safeguards. These
are mainly connected to the different geological media that will be used and the consequences
this will have on the possibility of and the efforts needed for retrieving the fuel canisters, once
they have been disposed of. In a hard rock repository e.g. the tunnel system will remain stable
for a long time and retrieval could be accomplished after removal of the backfill material in the
tunnels. In salt, on the other hand, the tunnels will disappear due to the creep of the salt and
new tunnels would need to be excavated for retrieval. Also the different locations of a
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repository with respect, for instance, to the population density will have an effect. In the US
the repository is planned to be built in a desert far away from any large population clusters,
while the repository in Germany will be built in a much more densely populated area (although
quite sparsely populated as compared to other areas in Germany).

2.2. Plans for spent fuel disposal in Germany

In Germany spent nuclear fuel, high level vitrified waste and other long-lived alpha
bearing wastes are planned to be disposed of at about 900 m depth in a salt dome at Gorleben
in central Germany. A project is underway to characterise the salt dome and to investigate its
suitability for a repository. Today two shafts have been sunk to about 850 m depth and they
have been connected by a tunnel at that depth. According to present plans the repository at
Gorleben could start operation at around 2025.

Before disposal, the spent fuel is planned to be encapsulated in a self-shielding
container, the so-called POLLUX cask. This will be done in a separate facility. A pilot plant
for the conditioning is under construction at Gorleben and will be in operation in 1998. The
facility is called Pilot-Konditionierungsanlage (PKA). The encapsulation of spent fuel in PKA
will have the following sequence [4]:

• The spent fuel arrives in combined transport and storage containers from the interim
storage facility. The containers are taken into the PKA and docked to the unloading
hot cell.

• In the unloading cell the fuel assemblies are removed from the container and
transferred to the conditioning cell. There, the fuel assemblies are disassembled and
the intact fuel rods are compacted by putting them into a bin that is transferred to the
POLLUX cask. The POLLUX cask will accommodate about 5 tonnes of heavy
metal.

• The POLLUX cask consists of an inner container, that is welded to make it gas tight
and that constitutes the storage space and an outer container that provides
supplementary shielding against radiation.

• The POLLUX cask is sealed using three lids; the primary lid is screwed on, the
secondary lid is welded to the inner container and the lid of the shielding container
is screwed on and secured by a weld seam.

From a safeguards perspective the PKA is an item facility, where the fuel assembly
items are rebatched into disposal container items. The safeguards strategy for the facility is
based on Design Information Verification and on radiation monitoring as well as containment
and surveillance to ensure that no fuel is removed except in a POLLUX cask. Before the fuel
assemblies are disassembled a check is also made that the content of the fuel assemblies
corresponds to the declared fuel material.

The disposal container will then be transported to the repository site, and brought
underground intact. The repository will consist of a set of access tunnels and disposal drifts
that will be successively excavated in parallel with the disposal and backfilling of the spent
fuel [5, 6, 7]. For economic reasons Gorleben is foreseen to accommodate different types of
waste, such as waste with negligible heat generation, vitrified high-level waste and spent
nuclear fuel in POLLUX casks. The reference spent fuel disposal concept foresees horizontal
emplacement in drifts. Directly after a cask has been put in place the void volume of the drift
will be backfilled with crushed salt. Due to the heat generated by the fuel and the normal creep
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of the salt the drift system will be closed and inaccessible shortly after disposal. Also the
tunnels leading up to the disposal drifts will be successively backfilled with crushed salt [8].

From a safeguards perspective the disposal casks thus become impossible to verify
immediately after disposal. The emphasis of the safeguards system must thus be the
verification of the design information (DIV) and to be able to verify the disposal cask in terms
of identity and integrity as they arrive at the repository reception facility [9,10].

2.3. Plans for spent fuel disposal in Sweden

In Sweden the plans are to encapsulate the spent nuclear fuel in a container of copper
and steel and to dispose of it at about 500 m depth in the Swedish crystalline bedrock [11].
The site for the repository has not yet been chosen, but a siting programme is well under way.
According to present plans disposal should start around 2010 at the earliest.

Before disposal the spent fuel will be encapsulated in a tight and corrosion resistant
container. The container consists of an outer copper shell (5 cm thick) that provides the
corrosion resistance and an inner steel container that give the mechanical strength. One
container will take about two tonnes (uranium weight) of spent fuel. An encapsulation facility
is planned to be built as an extension of the existing interim storage facility, CLAB, at
Oskarshamn. The following sequence will be followed:

The spent fuel is brought from the storage pools to a reception pool in the encapsulation
plant. This is done under water in a water filled channel.

In the reception pool the fuel is identified and possibly measured for heat release and
then brought to a hot cell where it will be dried before being filled in the disposal
container.

The lid of the inner steel container is screwed on and then the outer copper lid is welded
tight by electron beam welding.

After control the disposal container is put in a transport container that will provide full
shielding and protection for transport.

From a safeguards point of view the Swedish encapsulation plant will have the same
features as the PKA.

The disposal container will then be transported to the repository site and brought
underground. There will be a tunnel or shaft down to repository depth. The repository itself
will consist of a series of tunnels. The disposal of the containers will be made in shallow
boreholes that have been drilled in the bottom of the tunnels. Before disposal the disposal
containers will be unloaded from the transport containers that will be reused. As the dose rate
of the disposal container will be 10 mSv/h or more the subsequent handling will be made
remotely. In the borehole the disposal container will be surrounded by bentonite clay. From
that moment no more direct control of the container is feasible. When all the boreholes (about
30) in a tunnel have been filled the tunnel will also be backfilled and a plug will be built at the
tunnel entrance. The transport tunnels up to the disposal tunnels will, however, be kept open
for the whole operating period of the repository, i.e. about 30 - 40 years.

From a safeguards point of view the Swedish repository will be similar to the German.
One difference will, however, be that it should be easier to retrieve the disposal containers in
the Swedish case as the tunnel system in hard rock will not collapse until very late.
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3. KEY SAFEGUARDS ISSUES

Based on the discussion that has been going on for almost ten years within the nuclear
safeguards and the radioactive waste management communities and the experiences gained
from the German and Swedish studies one can identify the following key issues for the
safeguards for the conditioning and disposal of spent nuclear fuel:

• Attractiveness of the disposed fissile material in the fuel
• Level of safeguards measures for a closed repository
• Time scales of interest
• Conflict of interest between safety and safeguards needs
• Verification of fissile content in a disposal container
• Continuity of knowledge
• Strengthening safeguards

In the following these different issues will be discussed. Most of them are coupled to the
closed repository. The safeguards issues connected to the operation of the conditioning facility
and the repository is considered to be fairly straightforward with the application of existing
safeguards techniques.

3.1. Attractiveness of the disposed fissile material in the fuel

As spent fuel contains plutonium it is regarded as a strategic material and is subjected to
strict safeguards control. The plutonium contained in spent fuel from Light Water Reactors is,
however, generally not regarded to be very attractive from a proliferation point of view. The
plutonium contains a large fraction of heavier non-fissile plutonium isotopes. Although it has
been shown that it is possible to manufacture a nuclear explosive also with such a composition,
it has no value as a weapons material. The plutonium is also intimately mixed with fission
products and other transuranic assemblies in the fuel and there will be a need to reprocess the
fuel in order to separate the plutonium. For this reason discussions have started to define
different categories of plutonium in analogy with the various categories of uranium [12].

In particular for plutonium contained in spent fuel in a closed repository at great depth it
should be of interest to investigate its potential strategic value as compared to other materials,
e.g. uranium ore. Larger efforts will probably be needed to retrieve the spent fuel than what is
needed for extraction of uranium. Discussions like these will undoubtedly be of importance
when determining the safeguards strategy for a closed repository.

3.2. Level of safeguards measures for a closed repository

Bearing in mind the physical protective capacity of the engineered and natural barriers
in a repository and the large effort required to retrieve the spent fuel from a closed repository
what should be the appropriate level of safeguards measures after closing of the repository?
How is a balance of the level of safeguards throughout the nuclear fuel cycle achieved, taking
the nature of the fissile material into account?

The key question concerning the safeguards for the closed repository is the risk of
diversion through an existing or new tunnel or by reprocessing the fuel underground and
bringing the plutonium up. This question is relevant during operation as well. As the disposal
containers will not be accessible after disposal the control has to rely on indirect methods. Two
important components are the possibility to continue the design verification throughout the
operation period and the adequate control of what is entering and leaving the access tunnels or
shafts. The purpose of the design information verification is to make sure that no undeclared
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activity is planned for underground and that there are no undeclared exits. Also specified
equipment underground that could be used for opening the containers should be identified.
This work must continue during the operation period as the tunnel system will be continuously
excavated. A number of geophysical methods have been proposed but not yet approved for
underground design information verification such as mobile ground penetrating radar.

As regards the control of the access tunnels and shafts it will be important to limit the
number of accesses or if this cannot be done, e.g. for ventilation purposes, to design them in
such a way that fuel could not be removed undetected. For the tunnels or shafts that will be
used for the transport of disposal casks radiation and motion detectors in combination with
optical surveillance equipment could be utilised above ground. Such dedicated safeguards
techniques have not, however, been approved for application under the rugged underground
conditions in geological repositories for spent fuel.

For the closed repository the control of the existing, but closed, access points is the most
important, but also a control that no new tunnelling is made into the repository from
somewhere in the neighbourhood. As the time needed to make a new tunnel and shaft will be
typically a year or more and that such an operation necessarily will create some debris, it
should be possible to detect it by satellite images and by site visits by the IAEA. It has also
been considered to use seismic detectors on the surface to probe for undeclared mining
activities. Although this might work in a desert environment like the Yucca Mountain site in
the US, it will probably not work in a densely populated area in Germany, due to other
industrial seismic noise. Also probes embedded at depth in the tunnel system or in deep
boreholes have been proposed but discarded due to the risk of malfunctioning with no way of
repair and to the risk of impairing the safety of the repository.

3.3. Timescales of interest

From a safety point of view the integrity of the repository will be considered for ten
thousand years or more, due to the content of plutonium and other long-lived radionuclides.
With this timescale a control based on assured human activities does not make sense and the
safety should be fully based on the passive protecting capacity of the engineered and natural
barriers. The plutonium and uranium will remain in the fuel for even longer times. What
should be the timescales considered from a safeguards perspective?

The recommendation by the Advisory group in 1988 that safeguards should not be
terminated on spent fuel in a repository could be interpreted that safeguards should be kept for
ever. This is clearly not feasible as an assumption. The safeguards system, as presently
organised, relies on active participation of humans and has only been developed to provide
assurance for the present and short term future. It is a result of voluntary agreements between
States and will have to be re-evaluated on a regular basis. With the level of safeguards control
described in the last chapter there will be no problem in continuing the safeguards of the
repository for as long as the States find it important. This was expressed by the 1995
Consultants Group meeting [3] as:

"Safeguards should continue to be applied to spent fuel in the repository as long as safeguards
apply to nuclear material elsewhere. "

If the projections are made very far in the future they will cease to make sense. One could for
matter of curiosity consider how safeguards should be kept during a period of glaciation,
which is probable to occur in Sweden in about ten thousand years.
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3.4. Conflict of interest between safety and safeguards needs

The prime objective of disposal of spent nuclear fuel is the protection of the human
health and environment by the safe containment of the radionuclides. There is some concern in
the radioactive waste management community that the requirements for safeguarding nuclear
material could compromise safety [13]. These concerns are mainly connected to the safety of
the disposal facility after closure. During conditioning the safeguards approaches will only
impose small, if any, problems from the safety point of view.

For the closed repository it should be imperative that the safeguards requirements on
control should not be allowed to impair the barrier system. Only non-intrusive surveillance
mechanisms should be utilised. Bearing in mind the large efforts needed to retrieve the
disposed spent fuel and the relative unattractiveness of the fissile material it has been
concluded that surveillance from the surface, e.g. by satellite images, in combination with site
visits should be adequate for safeguards control.

The main conflict of interest will thus be on the more philosophical level. The fact that
safeguards control contradicts one of the objectives of radioactive waste management, that is
not to impose a burden on future generations, and the difficulty of making economic
provisions for an activity of unknown duration.

3.5. Verification of fissile content in disposal container

As long as the fuel assemblies are handled as separate items without thick shielding it
will always be possible to reverify the fissile content. After encapsulation it will no longer be
possible to verify the fissile content by measurements but one will have to rely on containment
and surveillance methods. Can a sufficient level of safeguards be accomplished for this case?

As the reverification will no longer be possible on the disposal container, unless the
container is reopened for inspection, it will be of utmost importance to be able to apply a so-
called dual containment and surveillance system. The purpose of the system should be to
maintain the continuity of knowledge of the disposal container and its content from the closing
of the container lid to the reception of the container at the repository entrance. The important
components of this is the use of seals and the possibility to reverify the identity and the
integrity of the disposal cask. The latter will be of paramount importance in order to avoid any
requests to reopen the containers.

In most concepts a verification of the fuel assemblies and their fissile content is foreseen
just before the fuel assemblies are put in the disposal container. The reason for this is clearly,
that it will be the last opportunity to do such an inspection activity. As this measurement takes
time and costs money and dose it should be strongly considered if it must be done. If disposal,
as is foreseen in many States, will only be made 30 - 40 years after use of the fuel, the possible
detection of any missing material at that time does not give much information about what has
happened. If the safeguards measures have functioned well during the period while the fuel is
in storage, the final check does not make much sense. Continuity of knowledge should have
been kept.

3.6. Continuity of knowledge

It has become quite obvious from the preceding discussions that all efforts should be
made to keep the continuity of knowledge of the fuel assemblies all the way from the use in the
reactors via transports and interim storage to the encapsulation and final disposal. Unless this
is achieved a heavy burden will be put on the capability of reverification of the material
content in the fuel. This will remain possible until the fuel is encapsulated but it would require
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an important work and should be avoided. To maintain the continuity of knowledge following
encapsulation safeguards will exclusively have to rely on containment and surveillance
techniques.

3.7. Strengthening safeguards

In 1993, a programme of strengthening and efficiency improvement for safeguards was
initiated (currently known as "Programme 93+2") [14]. Implementation of the safeguards
scheme under the model protocol [15] will provide the IAEA with additional information on a
State's entire nuclear programme even when nuclear material is not involved (expanded
declaration). Furthermore the IAEA will have increased capability to check such information
and to solve inconsistencies and questions that might occur. Key components of this
programme are extended access, environmental sampling, use of remote monitoring equipment
and unannounced inspections.

The safeguards approaches discussed for a closed geologic repository is fully in line
with the underlying principles of this new safeguards regime. With the information available
about the repository and about the nuclear material deposited therein, measures described in
the Draft Protocol could be applied with high confidence to the area of the repository. Detailed
information about the repository would be an important element of the additional information
given to the IAEA by a State about its nuclear programme and other potential nuclear
resources. A repository would then be announced on a similar level as a uranium deposit.

4. CONCLUSIONS

Safeguards approaches for above ground spent fuel conditioning facilities can be
designed without problems using available safeguards methods and techniques.

Safeguards for final disposal of spent fuel in deep geological repositories will be
feasible. In an operating repository design information verification above and underground will
be necessary to the end of detecting undeclared operations for retrieval or separation of fissile
materials. Details in the applied technical means and inspection frequency may differ
according to the geological formation in which a repository is located.

Provided the spent fuel disposal casks become inaccessible immediately after
emplacement, nuclear material control should be restricted to the above ground part of a
repository, for which approved containment and surveillance techniques exist (e.g. optical
surveillance, sealing, integrity verification, radiation monitoring).

For closed repositories it will be sufficient to apply satellite sensing and periodic on-site
inspections. Any other technical means discussed so far would involve the installation of
sensors and probes in the ground and thus would jeopardise the long-term safety of a
repository (e.g. access of water to the emplaced nuclear material).

REFERENCES

[1] The Principles of Radioactive Waste Management, Safety Fundamentals Series
No 111-F, IAEA, Vienna (1995).

[2] IAEA Advisory Group Meeting on Safeguards Related to the Final Disposal of
Nuclear Material in Waste and Spent Fuel (AGM-660), IAEA STR-243,
Vienna (1988).

217



[3] Report of the Consultants Group Meeting on Safeguards for the Direct Final
Disposal of Spent Fuel in Geological Repositories, IAEA STR-305,
Vienna (1995).

[4] Steps in Radwaste Management, Information Brochure from BLG,
Gorleben (1993).

[5] BERG, H.P., KRANZ, H., The Above-Ground Facilities of the Planned Gorleben
Repository - Actual Planning and Safeguards Aspects, Presented at the 15th
Annual ESARDA Meeting in Rome (1993).

[6] BRENNECKE, P., KRANZ, H., SCHNEIDER, H., Site-Specific Investigations and
Preliminary Design for the Gorleben Repository, 1992 Winter Meeting of ANS/ENS, Int'l
Conf. on 50 Years of Controlled Nuclear Chain Reaction, TANSAO 66 1-626 (1992), p. 144.

[7] BRUCKNER, C , ENGELMANN, H.J., KRANZ, H., Verification and Re-examination of the
Underground Facilities of a Repository for Direct Disposal of Spent Fuel in Germany, Proc.
15th ESARDA Symposium, ESARDA 26, (1993), p. 203.

[8] BIURRUN, E., ENGELMANN, H.J., LOMMERZHEIM, A., Retrievability of Finally
Disposed Spent Fuel, 1996 Winter Meeting of ANS/ENS, Int'l Conf. on the Benefits of
Nuclear Technology and Embedded Topical Meetings, TANSAO 75 1-490 (1996),
p. 90.

[9] RICHTER; B., International Nuclear Material Safeguards for the Direct Disposal of Spent Fuel
Assemblies, accepted for publication in Nuclear Technology, special volume on Direct
Disposal, (1997).

[10] RUDOLF, K., WEH, R., RICHTER, B., Possible Identity and Integrity Verification During
Transport and Storage of Spent Fuel Casks of the CASTOR and POLLUX Types, International
Nuclear Safeguards 1994: Vision for the Future, Vol. 2, paper no. IAEA-SM-333/186, p. 247.

[11] BJURSTROM, S., The Swedish System for Final Disposal of Radioactive Waste,
Kerntechnik, Vol.59 No 1-2, (March 1994).

[12] PELLAUD, B., Safeguards: The Evolving Picture, IAEA Bulletin 4/1996,
Vienna (1996).

[13] Issues in Radioactive Waste Disposal, IAEA-TECDOC-909, Vienna (1996).
[ 14] Strengthening the Effectiveness and Improving the Efficiency of the Safeguards

System, GOV/2863, IAEA, Vienna (1996).
[15] Committee on Strengthening the Effectiveness and Improving the Efficiency of the

Safeguards System (GOV/COM.24),IAEA, Vienna (April 1997).

218


