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Abstract

Ethiticity is always a social concern, an integrated part of laws and regulations.
Treatment of ethics as a separate part in the decision making process is therefore always
debatable. It cannot be introduced as an extraneous component to compensate for, or to
improve, a morally flawed practice, and the margin for unethical practices is strongly
circumscribed by regulation in the nuclear field, internationally. However, a discussion on
different stakeholders and their different ethical concerns should always be welcome. One
example is the implementer's views on ethics. Even if they are in complete parity with
existing legal and regulatory goals, the goals may still represent the implementer's own
motives and choices. Also, stakeholders may view the laws or regulations as unfair. In making
the critique, the stakeholder simply formulates a separate political standpoint. Finally, an
alternative discussion is to place existing regulations into an ethical perspective — adding a
new dimension to the issues. Retrievability for high level waste repositories is often in focus
in ethical discussions. Unfortunately, it is used in many ways and has become an unclear term.
It may cover anything from planned recuperation to the property of waste of being retrievable
in years or tens of years, or in the distant time range of hundreds or thousands of years. The
term retrievability is often proposed to cover mainly positive qualities such as the option of a
later changes to the repository or a new disposal concept. However, as ICRP and others have
pointed out, it also implies the possibility of: i) operational exposures, ii) continuing risks of
accidental releases, iii) financial provisions to cover operating costs and iv) continuing
reliance on institutional control, thus imposing some burdens to future generations. In a
certain sense, anything can be retrieved from any repository. There is therefore a need for a
clear and operable definition of retrievability requirements, including the definition of the
corresponding legal consequences.

1. ETHICS AND DEMOCRACY

Nuclear waste management gives rise to a multitude of concerns and positions,
including ethical ones. In this paper some scenarios are presented which all involve ethical
elements, in order to stimulate their discussion. The list of scenarios is not intended to be
complete, but the intention is to include examples of both probable and more speculative
issues. Looking at the list, we may find some which should be given a legal or regulatory
expression, as well as others with which we simply have to learn to live within a democratic
society.
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1.1. Ethical and legal concerns

Why "bother" with ethics in the first place? This fundamental question is not an
expression of arrogance. It reflects the fact that the laws and ordinances have been decided
and confirmed through a legal process. This is particularly true in a highly regulated area such
as the nuclear sector. In the field of radioactive waste disposal, there is no doubt that the
fundamental issues have been, and continue to be, thoroughly debated. The margin for
unethical scheming seems therefore to be strongly circumscribed by regulation of observant
and agile regulators.

Laws and regulations do not in any way prevent representatives from the implementer to
reflect on the motives behind the different choices made in waste management, particularly in
such parts of the process where there is societal participation, such as site selection. Choices
have been made from a large list of possibilities and the implementer may have his own
motives. It should not be forgotten, however, that (most of) the unethical options weren't open
to the implementer in the first place since they would have been stopped by society's
regulations. This kind of ethical debate is therefore to a large degree a question of who takes
credit for a good choice. Ethiticity is always a social concern with societal choices expressed
in the legislation.

1.2. Unjust laws or regulations

Many debates in society, in- or outside the political channels, certainly stems from
disputing the ethics of laws and regulations. However, in the authors' experience, this type of
conflict is more an exception than the rule in the public debate on the Swedish High Level
Waste regulatory system. Much of the concern expressed by environmental groups, for
examples, originates in the lack of formal requirements in e.g. laws and regulations regarding
the consultation process.

Another line of reasoning should be mentioned, i.e., the unbalance in the societal
resources allocated for protection from radiation of artificial and natural origin. It was noted in
Sweden, after the Chernobyl accident, that the resources actually used on counter-measures —
about hundred million US$ — saved (using ICRP's estimates) in the order of one or a few
cases of fatal cancer, whereas the same amounts of resources would have saved ten in
radiodiagnostics, 100 if used to reduce radon in dwellings, and 1000 cases of fatal cancers if
used to advice against excessive sun-bathing. In this case, however, there is a clear
commitment from society and there is no doubt that the cost of Chernobyl was in full
agreement with a political wish since a large amount of the resources was allocated by a
specific decision by parliament.

It should be mentioned in this context that there are no explicit requirements regarding
nuclear waste retrievability in the relevant Swedish laws.

1.3. New ideas

In the process of site selection or in the regulatory review of the implementer's (Swedish
Nuclear Fuel and Waste Management Co., SKB) research and development programme
(RD&D; research, development and demonstration), new and unforeseen issues may rise
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which require legislative initiatives. The basis for such initiatives may have an ethical
dimension. One example is that the current Swedish Environmental Code empowers certain
environmental groups to challenge formal decisions, based on e.g. an environmental impact
assessment. This led the Swedish Radiation Protection Institute, SSI, and the Swedish Nuclear
Power Inspectorate, SKI, in the latest review of SKB's RD&D programme to point out that,
logically, there should be support available in some way to the groups identified by the Code.
The purpose should be to allow them to be adequately prepared in following and participating
in the decision process, which is time-consuming and contains special technical issues.

In this connection, the authorities constitute one of several available resources to the
environmental groups (as well as to other stakeholders). Members of several environmental
groups, both local and national, actually often consult the authorities both directly and through
various multi-stakeholder channels such as meetings and debates in the municipalities
involved in the siting process. Fairness in this arena thus requires the authorities to be able to
respond to the demands from the stakeholders.

1.4. Discussions among stakeholders

Much energy has been devoted to debate among stakeholders, for example between
groups opposing a specific disposal site and the nuclear industry. The debate is heated and
certainly involves ethics, but it does not reflect the global democratic view.

Such a global view must by necessity include the national and local governments and
authority representatives. It involves the obvious need of a national solution balanced against
the potentially less credible choice of one site from a long list, invoking the "not in my
backyard" dilemma. It is also a question of what guidance is given on the local scene. In
Sweden, for instance, the authorities take an active part in the work at the municipal level, but
the state's presence does not match the implementer's in the municipalities involved in the
present site selection process. However, this largely reflects the divisions of responsibilities
expressed in the legislation, and a desire to control society's costs.

1.5. Adding a dimension

Ethical reflection does not necessarily have to harbour an urge to change. The reflection
may add a dimension to what has already been discussed, and put a process into a new
perspective. The fact that such reflections may have no immediate consequences does not
imply that they are meaningless. By broadening the scope they may have strong influence,
guiding in future choices in the process where arguments, not operational today, may have
decisive force.

2. ETHICS AND RETRIEVAL

2.1. What does it imply to require retrievability?

Retrievability is often used as a broad term with a minimum of information about the
consequences. Two issues are in fact embedded in the term retrievability: recuperation of
waste on the one hand, and the more general term reversibility of decisions and actions on the
other. Although it has a life of its own, the broad consultation process in the local
communities cannot be reversed, obviously. The term reversibility refers to technical steps in
the implementation of SKB's programme.
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Reversibility is closely connected to the strategy of stepwise decisions, allowing every
decision to be discussed and related to the specifics of the prevailing technical and political
situation. This process' natural evolution can be used to formulate a general principle:

"Do not foreclose an option until sufficient widespread confidence exists on the
outcome of such action".

A concrete example of reversibility is SKB's suggestion of having a 10-year period for
evaluating a demonstration phase of the spent fuel disposal.

Regarding recuperation of waste, SSI and SKI have to consider various time scales:

• Minutes, hours and days — operational retrieval, related to the transport for example
of a damaged canister back to the surface while the main stream of canisters is
downwards into the repository;

• Years or tens of years — near in time after emplacement, including the, possibly
extended, period before closure; and

• Hundreds or thousands of years — after closure.

In discussing retrievability, there are several questions to consider. One, very obvious, is
that SKB's main suggestion, KBS-3, can be reconciled with retrievability throughout all the
above time scales (although the implementation still has to be presented in detail to the
authorities). When a requirement for retrievability is presented (such as by the Swedish
National Council for Nuclear Waste, KASAM), it is to some extent to ask for something
already at hand. It could make SKB's option of geological disposal in the hundreds of meter
range a necessary requirement, i.e. a new idea transformed into new legislation. It could also
have a flavour of 1.5 above, i.e. adding a dimension to what is already proposed.

Although there is presently no application from SKB to build a repository and therefore
no document available describing the repository in all its details, the authorities have taken
some stand on SKB's method. The authorities distinguish between the following levels in
describing the industry's method:

• General strategy — of a geological repository, such as SKB proposes;

• The concrete method proposed — KBS-3, and;

• Variants and sub-variants within KBS-3 — such as different canister deposition
arrangements, vertical/horizontal, short or long tunnels etc.

The authorities SSI and SKI:

• Fully support the general strategy — as opposed to transmutation or a wait and see
attitude;

• Support KBS—3 to the extent SKB's reporting is available, and;

• Do not at present take a stand regarding details.

Thus, there is a message to the concerned municipalities to support the view that that
SKB can continue their work along the lines of KBS-3.

150



2.2. The Government's view

According to the Act on Nuclear Activities, SKB must every third year present a
RD&D-programme to the Government, which may set conditions for SKB's future work. The
review is managed by SKI with SSI's separate review as one of the more important
components in the review process.

When reviewing the SKB's RD&D programme 1992, SSI took the opportunity to
discuss some unregulated issues, in a separate letter to the Government (1 February, 1993).
One issue was retrievability in connection with safeguards. SSI commented that there was a
possible conflict between safety and a projected version of safeguards. If the Government
would prefer safeguards to apply not only to spread over distance but also over time, i.e. if the
issue of non-retrievability was equal to or perhaps even more important than safety issues,
then deep boreholes would emerge as a major alternative.

At that time, deep boreholes and KBS-3 came to symbolise the two different options,
making the waste difficult or easy to retrieve. The Government has not taken any decisions to
intervene, and it must be assumed, until another decision is taken, that there is no political
objection to SKB's main alternative. This implies that the SKB's work will be followed and
judged according to laws and regulations in their existing formulation.

At the end of the day, therefore, radiation protection, and the required safety to achieve
that goal, is the only rationale for SKB's activity. The need for safety stems from protection
objectives. Safeguards in connection with repositories is an area under development at
present, and it may be carried out by satellite surveillance and/or other means, but it is not in
contradiction to geological repositories.

The door is still open for the Government to make requirements regarding retrievability,
so as to discard the value of deep boreholes as an alternative to KBS-3, for instance. In a
document appointing Olof Soderberg as advisor to the Government (6 May, 1999), the
Government states that the optimum solution needs to be an "open solution that leaves room
for decisions for generations" (the author's translation). If, for political reasons — which may
or may not be ethical, themselves — retrievability would become the Government's preferred
solution, it may still be relevant to present an overview of all existing alternatives, including
deep boreholes.

2.3. What is the purpose of a repository?

In general, the purpose of a repository should be linked not only to safety but also to
security and to protection from accidental and malicious intervention.

If follows from the previous section that, in Sweden, a repository is mainly intended for
protection against the repository's content of radiotoxic substances. The repository's barriers
also hinder malicious intervention in connection with such purposes, such as those controlled
by non-proliferation activities. However, since the ultimate repository design may be different
for radiation protection and non-proliferation, the implementer must have guidance regarding
intrusion. SSI has regulated that the protective capacity comes first and that any step taken to
prevent intrusion, or facilitate access, must be assessed and reported.
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3. DISCUSSION

Some examples of ethical aspects in the present Swedish process of HLW management
have been mentioned, and are summarised below.
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Putting existing regulations into ethical
perspective — adding a new dimension rather than
suggesting immediate change.

3.1. Identify conflicts which needs to be resolved by legal means

It follows from the table and reasoning above that some conflicting ethical positions, for
example between environmental groups and the nuclear industry, may not be resolved, and
cannot be expected to be resolved. It does not follow, however, that common grounds could
not be found in details. (Nor is it ruled out in principle that all parties could agree on every
aspect). However, we may isolate some issues, which should not be unresolved for a longer
period of time. Disputes over well-defined waste management options fall in this categor}'. If
such disputes cannot be resolved by consulting the existing legal framework, efforts should be
made to put them to trial in the proper forum, i.e. parliament, national or local government or
authorities, depending on the problem.

3.2. The status of an alternative solution

If a formal requirement for retrievability was introduced, it would look innocent at first
sight since KBS-3 already fulfils this requirement. However, such a requirement would have
repercussions for the existing legal system, because the Swedish Environmental Code requires
that alternatives be presented. The deep borehole's status as an alternative would be
problematic (?) under a retrievability requirement.

The efforts put into exploring alternative solutions will change during the technical and
societal decision process. The range of alternatives will, and should, narrow throughout the
decision process. Some alternatives such as launching waste containers into space has a place
in a general description in most national waste programmes, but will typically be mentioned as
an example of the discussion in the early days of the programmes. If on the other hand a
credible and potentially safe alternative exists, it is reasonable that resources are spent
throughout the programme. In SSI's and SKI's view, this is the case for deep boreholes in the
Swedish nuclear industry's research.
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At present, SKB actually spends considerable resources in exploring this alternative.
SKB's research regarding deep boreholes is in line with the authorities' request, that SKB
must present an overall system analysis, which includes analyses of the alternatives. In the
authorities view deep boreholes is the most reasonable alternative to KBS-3 and it may be
assumed that in connection with a final application, SKB will be able to present a
comprehensive system analysis for deep boreholes. This would not be required for a
speculative alternative such as launching waste into space.

The method of separation followed by transmutation is studied by SKB today using the
same order of magnitude of resources as deep boreholes. In reviewing SKB RD&D
programme 1998, SSI and SKI pointed out that this alternative cannot be viewed on the same
level as other alternatives (i.e., KBS-3 and deep bore holes). If, for formal reasons, deep
boreholes were ruled out, this should be pointed out the same way in the review process. The
level of research activity directed to the deep bore holes concept justifies both a serious
assessment and an authoritative position from society. Clear positions serve to direct research
efforts and they contain valuable information to the public and decision-makers.

If a political decision ruled out deep boreholes, the present level of activity would
certainly be disputable, and perhaps also ethically questionable.

If, finally, it is advocated that SKB should be directed to carry out research into deep
boreholes with the goal of finding a retrievable version of that alternative, then the advocate
would ask for a new concept, which would need to be stated clearly.

3.3. Intergenerational ethics in an open repository

Another well-known ethical aspect of retrievability is the question of a repository, held
open for future generations to make the final decision about closure. The reasoning contains a
logical problem by the requirement that generation No. N cannot decide about closure since
they must leave the question open to No. N+l. Such a — hypothetical — repository would
never be closed.

Many valid arguments can be formulated to support a predetermined period of
consultation after waste emplacement, but the length of the period has obvious consequences
in terms of society's resources. A ten-year consultation period already exists within SKB's
suggested programme, but a fund with earmarked resources kept over hundreds or thousands
of years have very little credibility. In addition, continued storage involves both operational
personnel exposures, releases to the environment and potential accidents.

3.4. The questions and the answer

It can be seen from the arguments presented above, that it is of particular value that all
stakeholders clearly present their view regarding retrievability so that the legislation can be
clarified, if necessary, and that concrete requirements may be set for the implementer in a
transparent way. A serious position necessitates a clear and operable definition of the concept,
and a full understanding of the consequences.

Most concerns in relation to retrievability relate to the fear that the implementer may be
moving too fast towards a point of no return. The answer to most such questions has to do
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with the reversibility that can be found in stepwise decision-making, such as the process going
on in Sweden today.
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QUESTIONS (Q), COMMENTS (C) & ANSWERS AFTER THE PRESENTATION

Chair: It is important to highlight the definition of the term "retrievability", because it is also a
question of the degree of retrievability. It could be a danger if we have discussions without
realizing that we do not have a common reference when it comes to what is retrievable and
what is not retrievable. I think we all agree that as long as we keep spent fuel in a wet storage
or in a dry storage, it is certainly retrievable, and that it would be irretrievable if we dispose of
it in outer space. To reprocess is a way to retrieve, but the spent fuel as such is no longer there,
so that is also irretrievable. Then we have all different grades of retrievability in between.
Most concepts of deep geological disposal are in principle retrievable concepts, as long as we
have a fair canister and you do not go too deep. Some people might argue that deep sea-bed
disposal is irretrievable and some that Man might also be able to go down in the deep sea and
recover such canisters, but that would be a very large effort. We have to keep the following
aspects in mind: 1) Retrievable in principle or not, 2) retrievable with what means and with
what effort, 3) with what skills? If we do not do that, everybody in the public will make up his
own mind about what is retrievable.

Q: Does the ICRP-statement about storage of waste say anything about the time frame in
relation to surveillance and maintenance of the storage facility?

A: No, I think they are referring to storage in general first, and then they add that if storage is
used in a meaning different from final storage, i.e., a storage that you need to monitor, they
seem to mean a temporary storage or prolonged storage. This is more like a reminder that you
need to go down and check. For this reason we have operation exposure. There is always a
risk of accidental releases when you have easy access. Since they mean a prolonged storage
you can infer that they were thinking of 30 generations rather than 30 years. The ICRP-check
list is not giving us very much help. They refused to address the issue of high level waste
storage so long, that now, when they are finally doing it, they are too late. We already have
our regulations in place. We can check if they differ from us. But in most places they are the
same. And if they differ from us — we think they are wrong!

C: The final point of the ICRP statement is rather interesting. They are saying there, that
similar considerations regarding the continued reliance etc., apply, if the retrievability is added
to the disposal concept. Here we come back to the problem of definition. But this was also
very obvious, when I listened to Henk Selling's presentation of the situation in the
Netherlands. For instance, there were indicated a number of reasons for retrievability or what
would be the objectives of retrievability. Postponement of the decision until sufficient
confidence has been reached was mentioned. I would like to use this as an argument for
KASAM to look very carefully on the definitions in this document. There is a difference
between retrievability in waste management and about disposal retrievability. What
definitions are the correct ones? I know that among implementers, the disposal with
retrievability often means the disposal without the intention to take it up but with the
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possibility to retrieve. You cannot say that retrievability will give you a chance to postpone a
decision, because then you have said that some retrievability options require future actions by
the future generations. That might be OK, but generally people do not mean that when they
say that they have a retrievability connected to the disposal. There might be a lot of
misunderstandings if these definitions are not very clear.

A: At a seminar in Sweden almost a year ago, Phil Richardson mentioned the Swedish word
"atertagbarhet" and compared that to "retrievability" and noted some difference in the
meaning. Perhaps there is a little more of intention in the English word than in the Swedish
word, which would mean "the property of being in principle retrievable".

C: When talking about retrievability we probably need to make a distinction between two
forms of retrievability: 1) Retrievability according to the SKB concept, as described yesterday,
when you close the repository but are still capable of removing the backfill and the buffer and
recover the waste, and 2) retrievability where you leave the repository open, which is a totally
different thing. I believe that the ICRP statement only applies to retrievability of an open
repository. Because, if the repository is closed, you may not have all these liabilities.

A second comment refers to my impression of what you said that inaccessibility and safety are
potentially contradictory aspects of a disposal solution. This is not necessarily the case. If we
choose, for instance, the deep borehole concept, it is not at all sure that the safety will be
lower. We will have to perform the safety assessments, and only thereafter we will be able to
see if the safety is lower or higher. It may very well be that inaccessibility is a positive factor
and contributes to safety. Certainly it will decrease the importance of the human intrusion
scenarios.

A: I agree. But what we have said is that if the inaccessibility is mandatory, then we must look
to deep boreholes. Some other reviewers have also mentioned this, for example, in relation to
the review of SKB's RD&D Programme 92. So, if the inaccessibility is the most important,
then we would expect more emphasis on deep boreholes. But I agree with you, that it may be
that such a solution can also be made in a safe way. Presently, honestly, it does not look like
this. As I understand, you will have to put one pin at a time down in a small borehole, and it is
the feasibility of the concept that is mostly in question. One can make a safe repository if one
puts the waste 6000 kilometres deep — at the centre of the earth — but it is not very feasible,
it is not easy to see how that could be achieved.
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