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Abstract

While radioactive waste disposal implies that there is no intention to retrieve the waste,
retrievability refers to the potential to retrieve the waste. So, retrievability can be an integrated
element of a disposal solution. The different reasons for considering retrievability in the
development of a disposal solution are discussed. Amongst them, the precautionary principle
takes an important place. The development of a disposal solution should be in the first place
safety-driven. The use of robust, high-integrity waste containers or overpacks contributes
directly to safety, but also to the enhancement of the retrievability. Indeed, as long as the first
barrier is intact, safe waste retrieval is in principle possible. By extending the period of easy
access to the waste, i.e. by keeping the repository open during a longer period than needed for
waste disposal operations, safety and retrievability goals can become contradictive.
Indefinitely postponing the decision to close the repository enhances the risk of unforeseen
perturbations of the disposal system and the risk of abandonment. This pleads of course for
limiting the duration of the open phase to a reasonable period of time. Otherwise, the
advantage of a prolonged open repository, as a means to prolong retrievability of the waste, is
cancelled by the increasing risks of a system whose safety relies on societal, political and
decisional stability, and not on a robust, passive multi-barrier system.

1. INTRODUCTION — WHY IS RETRIEVABILITY BEING CONSIDERED?

The objective of disposal is to dispose of the waste in a safe manner and in such a way
that long term safety is not dependent on continuous active measures. The objective of
disposal is not to retrieve the waste after some time. If the latter were the case, it would be
more appropriate to keep the waste in storage.

However, disposal and retrievability do not have to be conflicting concepts. While
disposal implies that there is no intention to retrieve the waste, retrievability refers to the
potential to retrieve the waste after emplacement.

Although the first challenge in developing a radioactive waste disposal system is to
demonstrate convincingly that all safety requirements can be met, several reasons can be put
forward to integrate retrievability in disposal concepts.

• In the safety demonstration exercise we are inevitably confronted with scientific
uncertainties concerning long term and irreversible impacts on the environment.
Although severe or unacceptable impacts are extremely unlikely for a properly sited and
correctly designed repository, absolute proof of it cannot be given. The precautionary
principle states that in such a case appropriate preventive actions should be taken. It is

57



important to emphasise that any preventive measure should be proportional to the risks
of irreversible damage. So, in all precaution considerations due account has to be given
to the safety margins of a disposal system. The robustness of the disposal system,
supported by the multi-barrier concept and defence-in-depth requirements, is an
essential element in this evaluation. The precautionary principle is essentially a moral
obligation to decide and to progress in a responsible and cautious way. A stepwise
decisional process of radioactive waste disposal, with the possibility in each step to
undo previous decisions, can be such a responsible and cautious way. So,
accommodating the potential to retrieve the radioactive waste in the disposal concept
can be seen as a direct application of the precautionary principle.

• A second argument for retrievability deals with our incapability to judge whether
radiological risks that we consider to be acceptable or even insignificant, are also
acceptable for future generations. Future generations might want to correct our actions,
if they consider the related risks too high.

• A similar argument is that future generations might want to re-use our disposed waste.
A reversible disposal system that allows for a safe retrieval of the waste fits that
argument. It can, however, also be argued that in that case the risks of retrieving the
waste are at the expense of the future generations, because they decide to retrieve
knowing both the benefits and the risks.

• Finally, retrievability is closely related to risk communication problems. In discussions
with non-technical audiences, all safety demonstration exercises are hampered by the
problem that calculated risks and perceived risks are different notions. It is thought that
a stepwise and flexible decisional process can be a way to solve this problem.
Irreversible situations or decisions do indeed negatively affect perceived risks.

There are currently no laws or policy statements requesting retrievability of disposed
high level radioactive waste in a deep repository in Belgium. However, the issue of
retrievability was introduced in a policy statement of the government (16 January, 1998) on
the disposal of low-level waste on the surface or in a deep repository.

After this general description of the main motivations to integrate retrievability in the
Belgian deep disposal concept, the remainder of the text will focus on the technical elements
in the disposal design that contribute to or enhance the retrievability of the disposed waste.
The relationship between retrievability and long term safety is also dealt with.

2. RETRIEVABILITY IN THE BELGIAN DEEP DISPOSAL CONCEPT

Optimizing the design, the construction, operation and closure of a deep repository has
to be in the first place safety-oriented. The main objective of a radioactive waste repository is
to provide passive safety. Incorporating elements of retrievability in the disposal system is a
means to develop and realise a safe solution in a responsible and cautious way. It is, however,
not an objective that should be optimised. Optimization of a deep repository in terms of
retrievability would lead to a surface or subsurface storage solution.

In general terms retrievability can be incorporated in a disposal system in three different
ways:
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• In the design of the repository one can integrate requirements for prolonged reversible
waste handling capabilities. A first condition for reversible waste handling is met by
using high-integrity long lived waste containers.

• By postponing the stepwise closure of the repository the period of easy access to the
disposed waste is extended.

• By using easily removable backfilling and sealing materials access to the disposed waste
can be restored without great effort. Although this may be a technical element of
retrievability, it is felt that it does not really affect the perceived retrievability. Retrieval
of the waste from a closed repository is no longer considered by the general public to be
realistic, probably because a closed repository is seen as an accomplished fact.

The Belgian repository design for the deep disposal of high level radioactive waste
(vitrified waste from reprocessing or spent fuel) bears a series of intrinsic retrievability
features, which were not intentionally designed. They stem from safety considerations.

The overpacked waste forms are placed in a long (several tens of meters) disposal tube
(a cross-section of a disposal gallery for high level vitrified waste is given in Fig. 1). Before
placing the waste canisters in the disposal tube, the space between the disposal tube and the
disposal gallery lining is backfilled with precompacted blocks of a swelling clay/sand mixture.
The use of a disposal tube allows to separate the construction phase of the disposal gallery,
including the backfilling with precompacted blocks, and the emplacement of the waste itself.
The overpacked waste forms are pushed one after another in the disposal tube, which has no
long term safety function.

The design lifetime of the vitrified waste overpack and of the spent fuel container are
respectively about 300 years and about two thousand years. The primary function of the
container is to provide physical containment during the transient phase of the repository,
principally the thermal transient phase. Steels that are corrosion resistant in the disposal
environment have been identified (a.o. austenitic stainless steels). Although further
confirmation of this corrosion resistance is required, the performance of this
overpack/container barrier opens the perspective of a very long physical containment of the
waste, which contributes significantly to the reinforcement of the multi-barrier concept, as
well as to the intrinsic retrievability of the disposal concept. As long as the disposal tube and
the waste container remain intact, and as long as the tube can be accessed, reversible waste
handling is perfectly possible.

Increasing the design lifetime of the waste containers, of the disposal tube and of the
access infrastructure (transport galleries and shafts) can further enhance the intrinsic
retrievability characteristics of the disposal system. These technical design elements make it
possible to postpone the decision for stepwise closure of the repository in view of an extended
accessibility. For example, after emplacement of the waste canisters in the disposal tube and
after a provisional closing off of the disposal tube, it may be decided to keep the transport
galleries and shafts open for a longer period of time than strictly necessary for repository
operation.

At present it seems reasonable to keep a deep repository in the Boom Clay, if needed,
open for about one hundred years. If for retrievability requirements longer periods are asked
for, enhancing some of the design requirements could in principle accommodate this need.
However, one has to be aware that by further postponing repository closure an increasing
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number of elements that complicate, or even jeopardise, the long term safety objective will be
introduced. This is discussed in the next point.

1 Waste
2 Oyerpack
3 Disposal tube
4 Backfill material
5 Concrete lining
6 Clay

FIG. 1. Cross-section of a disposal gallery for high level vitrified waste.

3. THE INTERACTIONS BETWEEN RETRIEVABILITY AND SAFETY

If stringent retrievability requirements would be imposed on the Belgian deep repository
for high level radioactive waste, it is clear that the disposal tube and the waste containers will
play an essential role. Their design lifetime and capability for reversible waste handling
operations will have to be checked very carefully.

Equally important will be the question during which period of time the transport
galleries and shafts can remain open. During this open phase of the repository active
surveillance and maintenance will be necessaiy. The high temperatures and relative humidities
in the underground will have implications for the ventilation system.



In an open repository a series of processes can affect the long term confinement capacity
of the disposal system:

• Chemical processes: the presence of oxygen may create problems of aerobic corrosion
of waste containers and disposal tubes and will acidify the Boom Clay by oxidation
reactions.

• Hydraulic processes: continuous transport of clay water to the galleries, leading to
desaturation of the host rock.

• Mechanical processes: the question of convergence of the clay around the galleries; also,
disposal gallery seals will have to withstand high differential pressures as long as the
transport galleries remain open.

• Thermal processes: thermal profiles in the host rock will largely depend on ventilation
regimes.

None of these processes seems to create insurmountable problems for a repository in the
Boom Clay that remains open for one hundred years. Each of them will need further research
to confirm this statement. Especially the question of aerobic corrosion of waste containers
could be a difficult one.

Although an extended open repository seems to be feasible from a safety point of view,
final closure of the open repository remains an absolute safety requirement. Due to
unexpected major changes in society a breakdown in the active management of the open
repository could occur, resulting e.g. in the abandonment of the open repository. This pleads
of course for limiting the duration of the open phase to a reasonable period of time.

Otherwise, the advantage of a prolonged open repository, as a means to prolong
retrievability of the waste, is cancelled by the increasing risks of a system whose safety relies
on societal, political and decisional stability, and not on a robust, passive multibarrier system.

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

Q: Can you please tell us a bit more about what you mean by pressurisation of seals?

A: If you place the waste in the disposal galleries, you will have to close the galleries with a
preliminary, a temporary or a final seal. An important element is the swelling of the backfill
material and this has been developed such that the total swelling pressure is less that the total
lithostatic pressure, otherwise it would start to fracture the geological barrier. If you put the
seal at the end of the disposal gallery and there is no backfilling in the access galleries, this
seal will have to withstand the same swelling pressure and I do not have the technical
elements yet to say that this is feasible, in which way it could be done and how it can interact
with the other barrier functions of the system. So this is an open question, which should be
looked at carefully.

C: I like very much the first part of your paper. I think you have hit on basically all the
important points in the debate about retrievability between industry and regulators and
political decision makers, in a very structured way. That first part of your paper could be used
as a starting format for a discussion about what we are really dealing with in the wider
perspective on retrievability.
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Q: I was puzzled by your very last conclusion, that retrieval after closure is not an issue. How
can you come to that conclusion, from the rest of your presentation? I thought that, for many
people, that is the issue, whether you can retrieve after closure.

A: I would like to make a comparison with another problem in waste management and that is
the difference between technically calculated risks and perception of risks. Technically
evaluated retrieval after closure is one thing, but perception by a lot of people and mainly by
the people that are concerned about this issue, is another thing. I do not think it is possible to
convince a large population, the general public, of the fact that retrieval in a closed repository
is technically feasible and that it is part of a decision process. I think that people will be
convinced that, once the repository is closed, it is an accomplished fact and nobody will ever
come back to that decision.

C: I think it is a dangerous approach to mix technical analysis with research results on
perceived public perceptions. You should really limit yourself to the technical assessment of
options and leave this worry about the perception to the decision makers.

A: I do not agree at all on that! The main part of our work is to develop technical solutions,
but we have to take into account the acceptance of such solutions. I have experience of my
own from site selections and from development of concepts and if you do this in a very
technical way and do not look outside, then you may run against a wall and lose everything. If
you have a discussion with the broad public, there is the possibility that you can develop your
solution, I mean the solution of your company and of the public.

C: Still I think it is a dangerous process. If you make a technical assessment of options, you
will most likely conclude that the safety of an open repository is lower than that of a closed
repository. Therefore, your technical judgement should lead you to conclude that the
repository should be closed as soon as possible, as soon as technically feasible. If your idea of
the perception of the public causes you to change this conclusion, it is a disturbing element in
the process. It should be kept in mind that perceptions are changing; what is the perception
today will not entirely be the perception of next generation.

A: As I showed in the reference decisional scheme for a repository in Belgium, the intention is
to close it as quickly as possible after waste emplacement. So we do not disagree on that
point.

C: In Phil Richardson's paper this morning, it was mentioned that the public demands
retrievability. So that question is already on the table. I do not really understand the comment.
If the industry does not want a retrieval or see it as hazardous to retrieve, they should not go
along with this.

Chair: The starting point may be a little different. You talked about a much shorter period of
retrievability than some other speakers this morning.

A: The main reason here is based on technical considerations and also on decisional
considerations. If no decision can be taken about closing a repository after say 50-200 years,
then I do not think such a decision will ever be taken.

C: It is also interesting that many of the uncertainties that we have seen, may be resolved
within a period of 50-100 years, for example the questions on energy future and on
transmutation. That period of 100 years is quite interesting, when it comes to leaving a slack
in time for final decision to close the repository.
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