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Abstract. Retrievability has become a very fashionable concept in recent years, undoubtedly as a result of the
possible advantages regarding public acceptance. However, in this "rush to retrieve" we must not lose sight of the
fundamental principles that form the basis of any proposed strategy of geological disposal of high-level
radioactive waste. This paper takes a "matter of fact" look at retrievability and the more general issue of
reversibility in the context of geological disposal and draws a number of clear and concise conclusions on the
subject.

INTRODUCTION

There are numerous definitions of reversibility. We will use the one of Hodgkinson et al that
states "Reversibility: denotes the ability to reverse one or a series of steps in repository
development at any stage of the programme".

There are also a number of definitions of retrievability. Again we will use that of Hodgkinson
et al, though preferring the actual wording of the NEA/RWMC report that states
"Retrievability denotes the possibility of reversing the action of waste emplacement". Both
authors agree that it is a special case of reversibility.

For over 20 years — and possibly longer — there have been discussions about the
retrievability (or reversibility) in the longer-term management of radioactive waste, hi the late
1970s and early 1980s, the Americans often referred to Monitored Retrievable Storage (MRS)
as opposed to disposal for their spent fuel. The feeling then was — as it possibly is now —
that the "Public" would feel more relaxed about irradiated fuel being put in a deep hole if they
thought it could be returned to the surface if required for some reason or other.

The simple logic that if we do not like the results of putting the waste in a hole — or find
something better to do with it — we can take it back and start again, is very appealing. To be
able to undo what has been done, if we should want to do so, has a high degree of reassurance.
Of course, there will be a cost. But the "Public" is not concerned with this, especially as they
do not see themselves as paying that cost. Even if they did, it would be seen as helping future
generations so they would almost certainly accept it.

So, the solution would appear to be simple. Make all disposal reversible and retrievable. Or
would that be too simple? Apparently so!

Discussions and debates on reversibility and retrievability proliferate. For example, see Grupa
et al for a comprehensive treatment of the scientific, technical and safety aspects. However,
the subject is now not just one of technical feasibility or economics. It has been written into
waste management policies in some countries. It may even be regarded as the defining
characteristic of a future repository. It has become an ethical and philosophical issue of very
important dimension. The famous soliloquy from Hamlet almost pales into insignificance
when set beside the arguments for and against it. By contrast, the Prince of Denmark's speech
is the very essence of brevity and decisiveness.

2. TYPES OF WASTE

This presentation focuses on high-level and other long-lived radioactive waste that, if not
properly managed, would continue to pose a significant threat to man and his environment for
thousands of years.
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How much of this radioactive waste will be irradiated nuclear fuel and how much of it will be
vitrified or ceramic waste forms is difficult to say. Some repositories will contain both — and
other — types of waste.

Many of the arguments could also be used in the case of low-level and short-lived waste, but
for these waste any discussions on possible retrieval appear not to have resulted in any
particular delays in their disposal. However, if it is thought that there may be some advantages
in recovering them later, greater effort might already be given to their better separation into
different types of material.

3. CONCENTRATE AND ISOLATE

The approach now taken to radioactive waste management, in the EU as in most of the world,
is to concentrate the waste and then to isolate it from man and the environment. This is
particularly the case for high level and long-lived waste.

At this moment, the isolation is expected to be achieved by a number of man-made barriers
and a geological one (clay, salt, granite etc) than will put several hundreds of metres of rock
between the waste and the earth's surface.

This is the model assumed for the following discussion.

4. THE REASONS FOR AND AGAINST

The reasons for and against reversibility and retrievability have been well exposed and
summarised by many authors. These will not be repeated here, except to say that it is certainly
possible that in the future we may well find a better way of dealing with the waste to render it
harmless to man and the environment and/or it could have a positive economic value. At that
time, decisions as to whether or not to "retrieve" the waste will be taken either on the basis
that the environmental gain or economic value exceeds the cost and risks of recovery. In fact,
this is probably more of a certainty than a possibility. The only real unknown is "when?". It
may be in tens of years — but could also be hundreds, or even thousands.

What we need to accept is that it is very likely that somebody, somewhere will someday want
to retrieve our waste from a repository for socially acceptable reasons.

With our present level of knowledge, we would expect that the issue of retrievability to be of
greater interest for those repositories containing significant quantities of spent fuel. This is
because we know the technology already exists for recovery of the plutonium and unburnt
uranium. However, we should not rule out a future use for the other waste forms or some
process to render them less dangerous.

5. REVERSIBILITY

The accepted definition refers to the "ability to reverse one or a series of steps in repository
development at any stage of the programme". Until the waste actually goes into the repository
the whole process of disposal at a site is clearly "reversible" as far as the outcome is
concerned. The waste can stay on the surface and the hole filled or in some way closed — and
we are back where we started.

There will have been a cost - and probably a high one. Some, even a large part, of the cost
might have been avoided by the flexibility that is called for by many authors through the
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repository planning and development stage. Clearly, flexibility is important during the
planning and development stage. However, it is not an issue particular to repositories. It is,
rather, normal in a major engineering project that has a life span of up to - or even in excess
of - one hundred years. How many churches have mixture of Romanesque, gothic and
baroque designs?

But does the Public really care about this. I do not think so. The main risk up to the waste
going in the hole is the financial risk to the operator. This is unlikely to be a risk that will
worry the man in the street. For him, reversibility - before the waste is in the ground - will be
a non-issue. Highlighting it and discussing it in a wide forum might only serve to confuse.

In brief, the subject of "reversibility" — at least before waste is put in the repository — is
probably a topic that need not be raised at policy level. Of far greater interest and importance
is the "special case" of reversing the action of waste emplacement.

6. RETRIEVABILITY - BEFORE CLOSURE

There is a possibility that a decision to remove waste from a repository may be taken within
tens of years. This could be before the repository is finally closed. It would seem logical to
engineer a facility in such a way that waste removal could be done safely while causing
minimum disruption to the facility.

This would be, in effect, long-term storage at the exact location inside the repository where
the waste is to be disposed of. As long as this could be done without impact on the safety of
the workers or the longer term safety and security of the repository, then such an approach
should be encouraged. While there might well be some additional cost, there could also be
some health and cost benefits brought about be the easier removal if this proved necessary or
desirable.

Of course, it might not always be the case where the additional cost of keeping the waste in an
easily removable situation is small. If the costs are elevated, or there are increasing safety
risks, then a decision might have to be taken that will increase the difficulty of possible future
removal. In other words, a decision will need to be made — at that time — taking into
account then present costs, possible future costs (of retrieval) and safety of different options.
We cannot take that decision now. Nor can we even generalise about the options and
possibilities as they cannot be defined.

It is important to note that actions taken might make retrieval more difficult and therefore
more costly. However, unless the actions breach all the barriers, retrieval will still be possible.

7. RETRIEV ABILITY - AFTER CLOSURE

At some point in time — maybe decades after the last waste package has entered a repository
— decisions will be taken to definitively close the facility. This means that there will have
been no need or wish to remove the waste, nor will any such need or wish be foreseen. The
decision will be taken because it is thought than the long-term safety would best be assured by
the closure.

This closure will, almost certainly, mean that the waste is more difficult — or much more
difficult — to retrieve.
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However, it will not be impossible — even once any trace of the repository might have been
removed from the surface or records of its location lost.

As any experienced geologist will tell you, man has explored for and discovered very inert
substances in very small concentrations deep in the earth's crust. The most obvious examples
are diamonds and gold that have been discovered and removed from rocks well below — in
the case of gold even kilometres below — the surface. Neither material is easy to detect by
any normal geophysical methods and they occur in very low concentrations. We are
discovering and recovering oil and gas from deep below the sea bed.

In practical terms it would be much easier to find our waste repositories — even in the
unlikely event that people in the future do not know where they are. Once discovered, the
waste can be removed. We certainly have all the technology to do that now. It is highly
unlikely that future generations will be less technologically advanced than we are. If, for some
unforeseeable reason they are, then it is very unlikely that they would be interested in
recovering our waste.

The driving force for discovery of metals and minerals is economic. These things have a
value. If, at some time in the future, our radioactive waste has a high enough economic value,
it will be recovered.

If, on the other hand, it has little or no value it is likely to be left in place unless a new method
of making it safe is discovered and can be used on a commercial scale. Then a decision will
have to be taken on its recovery. The cost will, undoubtedly, be high. But given the limited
number of locations — the fewer the better (a strong hint of a preference for regional
repositories) — and the small quantities of material involved, the cost should be in a similar
range to some other environmental remediation activities that are undertaken today.

8. BUILDING-IN RETRIEVABILITY

Given that there is a good possibility that someone, someday will want to retrieve our
radioactive waste, would it not be a good idea to build the repository in such a way as to make
the waste easier to retrieve?

At first glance, this might appear an attractive option. However, there is very little logic in
favour of it.

The objective of the waste disposal is to keep it isolated from man and his environment.
Therefore everything we do is designed to keep the waste in the location in which we put it.
The barriers are there to prevent it moving. It is likely that anything we do to make it easier to
recover will be working in the opposite sense to our objective of maintaining it in isolation.

One of our biggest unknowns about the future safety of a repository is related to the risk of
human intrusion. Building in some form of aid to retrievability will almost certainly increase
the risk of human intrusion — be it deliberate or accidental.

The best we can do — maybe the only thing we can do — to aid any future recovery of the
waste is do everything we can to make sure that the man-made barriers continue to contain the
waste and isolate it from the surrounding rocks. Any dispersion of the radioactive material
will complicate recovery and add significantly to its costs.
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The other thing we can do is to make full and accurate records of the repository and its
contents and to do everything we can to make sure that these are passed on to future
generations.

9. RETRIEVABILITY - A SPECIAL CASE OF REVERSIBILITY?

Coming back to where we started, are the definitions that we use really helpful? The author
admits to having some problems with any definition that assumes or requires a full knowledge
of another definition first. If a member of the Public asks "what is retrievability?" and the
answer is "a special case of reversibility" we should not be surprised at a negative reaction!
We would not overcome this by defining or explaining reversibility.

The only question that really interests the "average person" — and probably most of us — is
"once we have disposed of the waste, can we recover (retrieve) it?" This is the one and only
step that they want to know is, or is not, reversible. How it is done — by reversing individual
steps or series of steps, or by digging a totally new hole and removing the containers from
below — is of little concern to them.

The answer to the question is "yes". This answer assumes, as defined above, a "concentrate
and isolate" approach. It would not, of course, be a realistic option following a "disperse and
dilute" approach to radioactive waste management.

Care should be taken not to over-complicate either the concept or its definition. While it
should be simple it should also be able to stand alone, without a knowledge of the concept of
"reversibility". One option might be: Retrievability is the term used to describe the possibility
to remove radioactive waste from its repository.

10. SOME CONCLUSIONS

— The debate on "reversibility and retrievability" risks becoming over-complicated.
— The concept of reversibility adds little to the Public debate on radioactive waste

disposal.
— Flexibility in planning and development of repositories is necessary to take account of

new knowledge. However, this is only normal practice on any project that extends over
several tens of years.

— The definition of retrievability needs to be simplified and not linked to "reversibility".
— While there could be advantages in engineering relatively easy removal of the waste

packages until moment of closure, final decisions will need to be taken by the operator
at the time taking into account safety and cost.

— Building in additional ease of retrievability, while reducing costs of possible future
waste recovery, could act against the main objective of disposal, the isolation of the
waste.

— The best we can do to aid future retrievability is to provide for the proper containment
of the waste.

— It will be possible to retrieve waste from any repository that uses the concept of
"concentrate and isolate". All such repositories are "retrievable" they only vary in the
level of difficulty of the recovery of the waste — and associated costs.
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