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Abstract

The long time aspect of radioactive waste management have resulted in the adoption in
Sweden of an ethical principle that requires present generations to manage radioactive waste
in a way that will not burden future generations, and at the same time avoid to unnecessarily
hinder future generations to retrieve the waste or take actions to change the disposal system.
The present Swedish repository design has been developed to get a high and provable safety
and to get a robust repository. A consequence of this has been a high barrier integrity that
gives the system a high retrievability. The development of a repository system is a step-wise
process, as much of the information on repository performance will only become available as
the steps are carried through. In such work, retrievability can be extended also to other steps in
handling or conditioning, i.e. indicating a general ability to reverse any step taken. At each
decision-step, the confidence in achieving a safe repository has to be balanced against the
commitments the step involves. An important factor in this balance is the feasibility of steping
back in the process. Thus, reversibility/retrievability are valuable systems characteristics in
decision-making under uncertainty. It is generally agreed that the retrievability option should
not be used as an excuse for developing a repository with lower safety levels than otherwise
would have been required. In fact, such an action is in practice equivalent to an intentional
transfer of burdens to future generations.

1. THE DISPOSAL CONCEPT

The prime responsibility for the management and disposal of radioactive wastes
produced in the 12 Swedish reactors lies with the reactor owners. Together they have formed a
jointly owned company, Svensk Karnbranslehantering AB (SKB), to carry out the necessary
actions.

The Swedish system, see Fig. 1, is based on the following fundamental principles:

• Operational waste with short and medium half-life is disposed of as soon as possible
after arising. A final repository, SFR, is in operation close to the Forsmark Power Plant.

• Spent nuclear fuel is stored 30 to 40 years before being emplaced in a deep repository
without reprocessing. A central interim storage facility, CLAB, is in operation close to
the Oskarshamn Power Plant. The siting process for the deep repository has started.
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FIG. 1. Spent nuclear fuel (dark arrow) is stored in a central interim storage facility before
disposal in the deep repository. Operational wastes from reactors and other sources (light
arrows) are deposited in the SFR facility.

In order to achieve long term safety, the disposal system is based on three safety levels
— isolation, retention and dilution. The first is the isolation of the spent nuclear fuel from the
biosphere. It is achieved by encapsulating the spent nuclear fuel in long lived copper canisters
in a beneficial environment. In the next safety level, the repository has the function to retain
and retard the transport of the radionuclides should the isolation be broken, thus allowing
them to decay before reaching man and his environment. Thirdly, by proper site selection,
transport pathways and dilution conditions in the biosphere can be influenced by site
selection so that any radionuclides that escape will only reach man in low concentrations.

The long term safety of the deep repository is based on passive multiple barriers so that
the degradation of one barrier does not substantially impair the overall performance of the
disposal system. The materials used in the repository are selected with a view to the
possibility of verifying their long term stability and performance in the repository with
experience from nature. For the same reason, the thermal and chemical disturbance that the
repository is allowed to cause in its surroundings is limited.

The repository is planned to be situated at a depth of about 500 m, depending on
conditions at the selected site. From a tunnel system deposition holes are bored in which
copper canisters with spent nuclear fuel are emplaced and surrounded with bentonite clay. The
tunnels will be backfilled with a mixture of bentonite and quartz sand or other suitable
material. See Fig. 2.



FIG. 2. The spent fuel is encapsulated and deposited about 500 m down in the bedrock.

The deep repository is planned to be built in two stages. In the first stage, approximately
10 % of the spent nuclear fuel, i.e. about 400 canisters, will be deposited. This initial disposal
period is planned to start around 2015 and last for about 5 years, after which the experience
gained will be evaluated.

If the result of the evaluation is that continued deposition is suitable and acceptable —
which is the expectation — the entire repository is built (stage 2) and the activities continue
until all waste has been deposited. The total quantity of spent nuclear fuel that is generated by
the present day Swedish nuclear power programme up to the year 2010 is estimated to around
7000 tonnes.

2. OBJECTIVES OF RETRIEVABILITY

Due to the long time spans that have to be handled in radioactive waste management,
decisions in this area are often strongly influenced by ethical aspects. The established moral or
ethical traditions in a country will have a large impact on how an issue like "decision-making
under uncertainty" is handled. It will also have an influence on how opposing ethical
principles are balanced.

Two such principles often discussed in Sweden are:

• Our generation, that has had the benefit of nuclear power, must also take the full
responsibility for the radioactive waste, and not leave an undue burden to coming
generations.

• In a world where knowledge is increasing with time, and where values judgements are
changing, coming generations should be given the freedom to make their own decisions,
for instance with regard to long term protection and utilisation of resources.

As a result of such discussions the issue of retrievability has come in focus.

Subsequently, the adoption of the two-stage strategy for developing the spent fuel
repository had as a direct consequence that the feasibility to retrieve the waste after the first



step must be shown. This demonstration will be a part of the safety assessment for getting the
permission to deposit waste in the repository.

Retrievability in the second stage has only been discussed as a moral and ethical issue.
Extensive discussions both in Sweden /KASAM: Etik och karnavfall, SKN Rapport 28 mars,
1988, in Swedish/ and internationally/NEA: The Environmental and Ethical Basis for
Geologic Disposal, A Collective Opinion of the NEA RWMC, Paris/ have resulted in the
following Swedish view on deep geologic disposal:

(a) The repository shall not be dependent for its long term safety on monitoring or
maintenance by future generations. This is not to say, however, that the repository
cannot be monitored for a period after disposal of the waste or closure of the repository.

(b) The repository shall not be designed in such a way that it unnecessarily impairs future
attempts to change the repository or to retrieve the waste.

(c) Information regarding the waste, the disposal system and the site should be preserved
for the future as well as can reasonably be achieved.

No formal requirements on retrievability have yet been established in Sweden. The
general view is that retrievability is good as long as it is not impairing the safety of the
repository. Furthermore, a sealed repository with proven retrievability is often considered
safer than a prolonged interim storage requiring surveillance and control over long times. The
Nuclear Power Inspectorate intends to stipulate requirements for retrievability in its future
regulation (The Swedish Nuclear Power Inspectorate's Evaluation of SKB'sRD&D-
progamme 98, SKI Report 99:30).

3. CONCEPTUAL ISSUES OF RETRIEVABILITY

Retrievability can be defined as a practical possibility to take back the radioactive waste
deposited in a repository and to transfer it to a safe storage facility. That is, it should be
possible to localise and identify the waste packages, to retract them from the repository and to
handle and transport them. Although the cost and effort needed is important for the
practicality of retrieval, the term retrievability has been used to indicate the possibility in
principle to retrieve.

The present repository design has been developed to get a system with a very high and
provable safety level, with no intention of retrieval and without the reliance on surveillance
and maintenance. A consequence of this has been that the system also exhibits a high
retrievability. Thus there is no contradiction between isolation (no intention of retrieval) and
retrievability (having the capability of to retrieve).

Development of a repository system will always be a step-wise process, and much of the
basic information regarding the repository performance will only become available as the
steps are carried through. At each decision step in the repository development process, the
ability to understand and quantify the achievable safety has to be balanced against the
commitments to site or system that the step involves. Important in this balance and in decision
making under uncertainty is the feasibility of taking a step back in the decision sequence. Here
the concept of retrievability can be extended into a general reversibility of any action taken.
The possibility to reverse an action would then correspond to a retrievability in the operating
phase, the possibility to take back the waste from the repository would be retrievability in the
post closure phase.
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Other factors of importance when making decisions under uncertainty are e.g. how
flexible the system is to changes in knowledge or technology and when alternative options for
the system development are closed. To make it possible to adapt the repository system to
better knowledge, alternative options should be kept open as long as reasonable. At the same
time, the safety of the repository system should be as robust as possible, i.e. not very sensitive
to uncertainties in site-data or barrier performance.

Obviously, retrievability has a coupling to issues like non-proliferation and control of
nuclear materials.

4. TECHNICAL ASPECTS

Due to the long development and operational period of a spent fuel repository, SKB
regards the retrievability/reversibility to be important. It is the opinion of SKB that no actions
shall be taken during handling, and no arrangements shall be made that will unnecessarily
hinder retrieval, nor shall actions be taken to enhance the retrievability if they will impair the
capacity of the repository to comply with the safety regulations.

In the planned Deep Repository the spent nuclear fuel is in principle retrievable through
all stages of the disposal process. The cost and effort involved with the retrieval will vary
through the different stages. In this section the different stages in the Swedish disposal process
are identified and actions needed for backtracking/retrieval at each stage are discussed.

In interim storage

After about a year the spent fuel is transferred from the reactor sites to the central
interim storage facility, CLAB. Here the fuel is stored in water-cooled pools in the same way
as at reactor sites. No conditioning is made and the fuel is fully retrievable.

After encapsulation

Before disposal in a deep repository the fuel will be dried, and encapsulated in canisters.
The canister consists of a cast-iron insert with purpose-made channels for the intended fuel
type. The insert takes 12 full length BWR- or 4 PWR-elements. A cast iron lid is bolted on to
provide a leak-tight enclosure for the spent fuel during the encapsulation process. The insert is
inside a corrosion resistant copper canister. After a copper lid has been welded on, the iron
insert is completely encased in the outer copper canister. Substantial testing is made to control
the tightness of the canister.

In case of defects in the canister or the welding, or if the canister is deformed during the
handling or transport, the various steps have to be backtracked. A full retrieval after
encapsulation requires that the canister lid is cut off, that the insert is opened, and that the fuel
elements are transferred back to the pools. All the actions except the actual cutting of the
copper lid can be made using the normal equipment in the encapsulation facility. Equipment
and the procedure for opening a defect canister will be tested at the canister laboratory.

In the repository

When a canister is deposited in the repository, it is placed in a purpose-made hole in the
tunnel floor, and surrounded by blocks of compacted bentonite-clay. When groundwater is
absorbed by the bentonite the clay starts swelling and forms a plastic barrier around the

45



canister protecting it mechanically and creating a buffer zone with very low hydraulic
conductivity. In case something goes wrong in the deposition operation, the canister can be
retrieved with the deposition-machine.

If the clay has started swelling the friction might be too large for simple lifting of the
canister. A series of canister retrieval tests including remote handled methods for removal of
the bentonite and the transfer of the canister into a radiation shield are running in the Aspo-
HRL. The radiation levels outside the canister (max. 500 mGy/h) will only allow very limited
activities around an unshielded canister.

Temperature restrictions require a minimum distance of around 6 m between two
canisters in the same tunnel — giving a total tunnel length of 3 0 ^ 0 km. Each deposition
tunnel is 0.25 to 1 km long. When all canisters in a tunnel have been emplaced, the tunnel is
backfilled and the tunnel opening to the central tunnel is plugged. Should retrieval be required
at this stage the tunnel plugging and the backfill has to be removed.

TABLE I. STAGES FOR THE SWEDISH DISPOSAL OF SPENT NUCLEAR FUEL

Stage

Interim
storage
Encapsulation

Deposition

Extended
operation

Post closure
institutional
control

Long term
storage

Planned activities and its consequences on retrievability

The spent fuel is stored in water-cooled pools.
The fuel elements are fully retrievable.
Fuel elements are placed in a cast-iron insert inside a copper container.
A bolted iron lid and a welded copper lid seal the canister.
For retrieval the weld must be cut open, the iron lid unbolted, and the fuel
transported back to the pools. The cutting of the weld will be tested at the
Canister Laboratory. In other operations the encapsulation equipment is used
in the reverse.
The canister is placed in a deposition hole and surrounded by compacted
bentonite.
If no substantial swelling has occurred due to water uptake the deposition
operations can be reversed.
The deposition tunnels above the canister positions are backfilled, and the
openings to the transport tunnels will be plugged.
For access to the canisters the plugs and the backfill must be removed. If the
bentonite buffer around the canister has swelled special methods must be
used to free the canisters from the deposition holes. Such methods will be
developed and tested at the Aspo-HRL.
The whole repository will be back-filled and the accesses will be plugged.
A period of institutional control is expected but the duration is not decided.
If the interval between the back-filling and the retrieval operation is long
special safety precautions will be required when excavating the tunnels.
After the institutional control has been discarded and the information
regarding the waste is assumed to be lost, the retrievability will depend on
the geophysical information that can be registered on surface.
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Depending on the actual layout of the repository the different tunnels will be backfilled
and at the final closure all tunnels and shafts will be sealed. With regard to the long term
retrievability after the closure of the repository, no specific guidance has been given in
Sweden. Since the repository concept is based on very long lived canisters no leakage due to
corrosion is expected. Thus a retrieval operation during a reasonable period of institutional
control is quite feasible. Depending on the period of closure various safety precautions are
required for the re-excavation. The time limit for any intentional action is in practice given by
the time period during which the information regarding waste and site is preserved.

Other long lived nuclear waste in Sweden, e.g. internal parts from the maintenance or
decommissioning of nuclear reactors or some types of research waste, are planned to be
disposed in concrete in a separate part of the repository. The conditioning and packaging of
these waste types is made to allow normal handling, transport and disposal activities. The
packages are thus considered to be retrievable up to the back-filling and closing of the
repository. The radioactivity is small compared to the spent fuel and no specific requirements
for post-closure retrievability of the packages has been posed nor for retrievability of the
waste from the waste packages.

Due to the high geometric stability of the repository no specific features have been
introduced to simplify the pinpointing of the waste packages or the retrieval of them. Nor have
any barriers or safety measures been introduced with the purpose to reduce the retrievability.
If specific arrangements are introduced to further simplify retrieval, new safety evaluation
must be made to balance the benefit of that action to its cost or other detriments.

QUESTIONS (Q), COMMENTS (C) & ANSWERS (A) AFTER THE PRESENTATION

C: Tonis Papp has asked me to make some comments about what we have done at the
Swedish Nuclear Power Inspectorate (SKI) on the regulations. Since we left our review of
SKB's RD&D programme 98 to the Swedish Government in April 1999, SKI has prepared a
preliminary draft on regulations of HLW, which has been sent to SKB, to the reactor owners
and to other organisations for comment. At SKI we have also discussed with our internal
lawyers about the possibility to include retrievability in future regulations. According to the
existing law, the Nuclear Act, it presently looks like retrievability could not be put as a
demand on the industry in future regulations. However, retrievability will possibly be subject
to close discussions between SKI and SKB in the future.

Q: You intend to remove the bentonite with salt water. Is the assumption then, that the
bentonite may be contaminated, so you will have to treat it as a radioactive material, or do you
just monitor the slurry as it comes off and then remediate it if necessary?

A: Yes, we will definitely have to monitor it. We believe that we can make canisters and
welds that are of such quality that a reasonable retrievability period will be available. As
always, there will be monitoring both of the direct radiation from the canister and of possible
contamination of the clay taken away with the salt water.

Q: It is interesting to note that the same features which give you long term safety also give you
easier retrievability. That seems to be a happy circumstance for the Swedish case. I suppose,
that would not be true for a repository in salt.
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A: No, you are right. We have tried to talk about this a little philosophically, also in the
Concerted Action in Brussels (c.f. David Dodd's paper), whether one can say that a higher
safety automatically will give a higher degree of retrievability. I do not think one can easily
make such a conclusion. Generally, most of the factors which give you a high safety will also
be beneficial for the retrievability. But suppose, for instance, that we would make the disposal
in deep boreholes 4-6 kilometres deep, or something like that, instead of the method we now
propose. The intention would then be to put the spent fuel in a rather small canister, with
much less shielding around, and trust that the geological barrier would give the protection.
There you can say that retrievability of such a canister would be much more difficult. Maybe
just the effort to retrieve it would break such a container, and one would not say that safety
and retrievability go hand in hand. But in a system where you have a high integrity of the
barriers, the fact that the barriers are not changed in some way simplifies the process of taking
it out, because then you know what system you have, what quality, exactly which positions
you have etc.

Q: How about thermal effects on retrievability? If you dispose of heat generating waste, you
heat up the host rock and the environment of the canisters. Can you retrieve at all times, in
accordance with your concept, with temperatures below something like 100°C or do you have
only a limited time slot in which you can retrieve?

A: In our proposed system, when we have put down a canister and back-filled, then the
temperature will go up, within twenty years it is somewhere close to 90°C. We have this limit
of 90°C in order to keep away from a 100°C situation, where we would get evaporation, salt-
enrichment etc., which would complicate the safety assessment quite a lot. So one of the
primary reasons for us to do this repository in this way was to keep away from the problems of
high temperatures. If we would like to recover the spent fuel twenty years after the
temperature peak, then it would require a period of cooling and ventilation. This could be
done with the same salt water as is used in order to take away the bentonite. We could bring in
cold water and thereby reduce the temperature. There might also be a need for higher
ventilation, but we do not see any problems in principle with that.

Q: But if the rock is heated up to 90°C, there will be stability problems in the rock, I suppose?

A: The temperature limit is given at the connection between the bentonite and the canister.
The maximum temperature at the surface between the bentonite and the rock would be
somewhere between 75 and 80°C, and it will peak at a somewhat later time. But the heating
might cause changes in the mechanical stresses, and normal precautions will be needed when
you are going down for re-excavation.
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