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Where and how will we dispose of
spent nuclear fuel?

There IN political consensus to dispose of spent nuclear luel from Sw dish nuclear power

plants m Sweden No decision has vet been reached on a site tor the tn.-'l repository in

Sweden and neither has a method tor disposal been determined. The disposal site and

method must be selected with regard to safety and the environment as well as with regard

to our responsibility to prevent the proliferation ol materials which can be used to produce

nuclear weapons.

In IW3. a disposal method called KHS-3 was presented b> the nuclear power utilities,

through the Swedish Nuclear Fuel and Waste Management Company (SKBt In its 1MS4

resolution on permission to load fuel into the lorsmark 3 and Oskarshamn 3 reactors, the

government stated that the KBS-3 method which had been thoroughly reviewed bv

Swedish and foreign experts - "was. in its entireK and in all essentials, found to be

acceptable in terms of safety and radiological protection."

In the same resolution, the government also pointed out that a final position on a choice

ol method would require further research and development work.

Who is responsible for the safe
management of spent nuclear fuel?

The nuclear power utilities have the direct responsibility for the safe handling and

disposal of spent nuclear fuel.

This decision is based on the following, general argument: those who conduct an

activity are responsible for seeing that the activity is conducted in a sale manner. This

responsibility also includes managing any waste generated by the activity. This argument

is reflected in the wording of major legislation in the Held of nuclear power, such as the

Act on Nuclear Activities ! il>S4) and the Act on the Financing of Future Expenses for

Spent Nuclear luel cu I'M I».

The Act on Nude; Activities and the Act on the financing of Future 1-xpcnses for

Spent Nuclear luel elc. stipulate that the nuclear power utilities are responsible lor

conducting I he research which is necessary lor the sale management o I spent nuclear fuel.

This legislation stipulates thai the utilities are also responsible for the costs incurred in

connection with the handling and disposal of the waste.

There are lour nuclear power utilities in Sweden: Vattcnlall AM, lorsmarks Kraft

grupp AH. Sydsvenska Varrnckralt AM and OK(J AM. Together, these four utilities own

the Swedish Nuclear luel and Was'.. Management Company (SKM). SKH's (asks include

the practical execution of the work which the utilities are responsible for carrying out.

The government has the overall responsibility for safety in connection with waste

handling and disposal. Three authorities - the National Hoard for Spent Nuclear luel

fSKN't. the Swedish Nuclear Power Inspectoralc (SKI), ami (In- National Institute ol

Radiation Protection (SSI > - arc responsible fordil'ferenl aspects ol government supervision

ol the utilities' waste activities. The government has also appointed a special agency, the

National Council lor Nuclear Waste K AS AM. to deal with these matters. (The task ol this

commission was completed by June I WO )

Continued on the back inside cover.
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T;, high level nuclear waste

Preface

SKN 10 years

Between 1975 and 1981 SKN had a predecessor. Programrådet för radioaktivt
avfall, PRA V, which served as a temporary agency pending governmental deci-
sions on how to organize and finance the long-term work concerning radioactive
waste in Sweden PRAV's area of responsibility was R&D on radioactive waste
disposal.

In 1981 when the Act on the Financing of Future Expences for Spent Nuclear
Fuel etc. came into effect the National Board for Spent Nuclear Fuel was estab-
lished. At that time the agency's Swedish name was Nämnden för hantering av
använt kärnbränsle, NAK. The main responsibility of NAK was to administer the
financing system for the handling and disposal of nuclear waste and spent nuclear
fuel and for decommissioning the nuclear power plants.

In 1985 the Swedish name was changed to Statens kärnbränslenämnd, SKN
and the agency started to grow into its present organization of ten persons. Based
on the Act on Nuclear Activities of 1984 SKN's area of responsibility was
extended and now includes:

• to evaluate and supervise the nuclear industry's R&D-programme on the
management and disposal of spent nuclear fuel and the decommissioning and
dismantling of nuclear plants,

• to administer the system for financing nuclear waste management,

• to g've the public insight into issues concerning the management and disposal of

SKN's governing body consists of nine members appointed by the Government.

They include persons with experience from public administration as well as

scientists, bankers and economists.

Since 1990 a scientific advisory body, the National Council for Nuclear Waste,

KASAM, is administratively attached to SKN. The members are appointed by the

Government. One of their tasks is to, when requested, advise SKN on various

scientific issues.
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Welcome

Olof Söderberg, National Board for Spent Nuclear Fuel



WELCOME

Symposium on Nuclear Waste Management Review Work -
Part of the Decision-Making Process

Stockholm September 25-26, 1991

Olof Söderberg, National Board for Spent Nuclear Fuel

Mrs Dahl, our foreign guests from Canada, Finland, the United States and OECD/NEA,
dear Swedish friends!

The National Board for Spent Nuclear Fuel, SKN, is happy to welcome you to this
symposium.

SKN likes to consider itself something of a public watch-dog; that is, we should see to
that work with nuclear waste management is carried out in a purposeful and effective way
towards safe disposal.

This agency was set up 10 years ago and we think it is a good idea to celebrate this fact
by focussing on one of our three main responsibilities. As you can see on the back cover
of the Symposium Programme these responsibilities lie within the areas of Research and
Development, Financing and In.ormation.

The most important task, by far, within the area of Research and Development is to
review and to evaluate what the Swedish nuclear industry accomplishes in order to reach
a solution for nuclear waste disposal which is acceptable to society.

Of course we are aware that a system of review and evaluation is not at all unique for
Sweden. Different forms of review have a long-standing tradition in the international
scientific community. But we are under the impression that only a limited number of
countries have a separate government agency which is responsible for reviewing and
evaluating on-going work on nuclear waste disposal and that this process is completely
separated from the licensing process. In these countries, such a function forms an
integrated part of the political decision-making process on nuclear waste management.

Therefore, we thought it would be fruitful to arrange a symposium with participants from
other countries having experiences similar to ours. In Canada, the annual TAC- reviews
have been carried out since the late I970's. The Swedish review system was introduced
by you, mrs Dahl, in the mid 1980s. And in the late 1980s, the United States Congress
created the Nuclear Waste Technical Review Board, with Members appointed by the
President, and which twice a year submits its findings to the speakers of both the Senate
and the House of Representatives. Since the beginning of 1991, there exists an informal
memorandum of understanding between NWTRB and SKN, the purpose of which is to
promote cooperation between these two Boards.

We also know that the OECD/NEA has gathered extensive experience of review work, as
different member countries have called for review of their respective waste disposal
programmes.

During the planning stages of this symposium the title has been changed from "The role
of review and evaluation in national nuclear waste management programmes" to the
present "Nuclear waste management review work - part of the decision-making process".
I hope that this title gives a clear indication that there is a close connection between
session I and session 2.



Technical and political considerations are both of great importance when it comes to
nuclear waste management. As we all know, this management presents an important
technological challenge. This fact alone is a good reason to try to find suitable instru-
ments to review and to evaluate what is achieved by those whose task it is to carry out the
operational work. We will concentrate on this perspective in today's session. Under the
Chairmanship of Dr Antti Vuorinen from the Finnish Centre for Radiation and Nuclear
Safety, we will confront the reviewers and those who are reviewed. Is the system of
review helpful? For whom? Or is it a disturbance for the organization that tries to do it's
best to solve the problem? I hope that the three papers that will be presented today will
encourage both today's panel and the rest of us to take active part in a general discussion
later this afternoon on the subject 'Technical review - what are the lessons learned and
how do we improve?"

But there is also another perspective. Nuclear waste management is not only based on
tangible facts provided by the natural sciences, by skilful waste management engineers
and by technically well informed nuclear regulatory authorities. The question of how to
take care of a country's nuclear waste is also, obviously, a challenge to the political
system of a nation.

There is an evident public concern about radioactive wastes in our country - and I believe
also in most other countries with nuclear reactors. This has made it necessary to allow
political judgements and political processes to play more important roles than is usual for
most technological problems faced by advanced societies. A political process simply
becomes necessary in order to obtain public understanding.

In such a political process a system of independant technical review has, I believe, a vital
role to play. Our theme for the concluding discussion tomorrow afternoon is "The role of
oversight in relation to non technical aspects in society". I am convinced that the papers
that will be presented tomorrow will give a good basis for that discussion.

The task and the responsibility of SKN can be summarized in three keywords, all
beginning with the letter "I". It is the task and the responsibility of SKN to show
independence vis å vis the nuclear industry, to be considered as impartial by both
proponents and opponents of nuclear energy and to be inspiring in the efforts to
dispose of nuclear waste in a way that experts find technically sound and the general
public finds acceptable. And I think it will be easier to accomplish this, if the system of
technical review generally is regarded as a major asset for a society which wants to use a
democratic decision-making process when disposing of its nuclear waste.
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Birgitta Dahl. Minister ot the Hnvironment
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Opening Address at the SKN Ten Year Anniversary
Symposium, 25-26 September 1991.

Dear Friends,

This is a very important meeting and it is a pleasure for me to open it.
The technology of nuclear power is among those industrial activities the society

has gained without full knowledge of its risks - i.e. without applying precautional
principle. Maybe nuclear power technology is the most dangerous of all techniques
taken into use. Present worries about Sadam Hussein's possible use of the
technology for dual purposes and our concern over the long term consequences of
the Chernobyl disaster illustrate two different sides of what I want to point out.

And we are not yet agreed on a final solution on how to dispose of the spent
fuel. The one hundred thousand years we talk about when it concerns disposal of
long lived waste in deep geological formations is so far into the future that we lack
the ability to even imagine that future.

In many parts of the world the amounts of radioactive wastes and spent nuclear
fuels are growing. In fact, most countries in the world today generate certain
quantities of radioactive wastes, irrespective of whether they have a nuclear power
programme or not. Medical centres, industrial facilities, research institutes, mining
operations etc, generate radioactive waste.

And of course the most extensive and serious waste problem concerns the
nuclear waste residues from the military activities. To some extent the same thing
may be said of spent fuel from test and research reactors.

Notwithstanding this situation many countries do not have any system or plan
for the treatment and disposal ot their radioactive wastes or spent nuclear fuels.
This is not satisfactory. The Swedish government firmly believes, that reliable and
complete treatment and disposal systems for radioactive wastes and spent nuclear
fuels, will be needed in most countries in the near future, in order to ensure the
protection of human health and the environment. The Swedish government hold the
view that there is a need for a global binding institutional regime controlling the
whole fuel cycle.

The insight of all the risks related to nuclear technology has guided the Swedish
government to work for

• an immediate and total nuclear disarmament
• a phasing out of the nuclear power

• a development of a sound and prudent nuclear waste management
• a strict nuclear technology legislation
• demands on international co-operation, control and regulation of all nuclear

technology.

A fundamental principle governing Sweden's actions in the matter of spent nuclear

fuel, is for every country to assume full responsibility for the nuclear material and
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waste occurring within its borders. This means that Sweden is not prepared to
receive any foreign nuclear waste for final disposal here.

As a result of the governments policy, a complete system has been planned in
Sweden, for the management of all radioactive residues from the nuclear reactors of
the Swedish nuclear power program and from research facilities. The system is
based on the projected generation of waste up to the year of 2010. The waste
system also contains radioactive waste from hospitals and the industry as well from
research reactors.

The basic strategy for the management of the waste categories is that short-lived
waste should be deposited as soon as feasible, whereas for spent fuel and other
long-lived waste an interim storage period of 30-40 years is foreseen prior to
disposal. This strategy gives us freedom to pursue an intensive research and
development program in support of a timely decision on disposal of the Swedish
long-lived nuclear waste.

Many decisions of vital importance are ahead of us. The National Board for
Spent Nuclear Fuel - SKN - has played and will continue to play an important role
in this connection. They are commissioned to see to it that alternative waste
disposal methods come to light during the continued development work.
Furthermore they should see to it that ample public insight into the process leading
up to the selection of suitable sites for the final repository for the spent fuel will be
secured.

The final government decision on how and where the spent fuel will be disposed
of must be based on confidence from the public as well as the respect of the
scientists. In this respect SKN will play an important role.

\
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Swedish experience in spent fuel research
- a reviewers perspective

Nils Rydell, National Board for Spent Nuclear Fuel
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SWEDISH EXPERIENCE IN SPENT FUEL RESEARCH -
^ A REVIEWERS PERSPECTIVE

Presentation at the Symposium on
Nuclear Waste Management Review Work •

Part of the Decision Making Process,
Stockholm 25-26 Sept 1991

Nils Rydell, National Board for Spent Nuclear Fuel

Background

Work in Sweden on spent fuel disposal got a strong push forward when a new government
enacted a new law, the Stipulation Act of 1977. This was at a time when nuclear power had
become a contentious public and political issue in Sweden as well as elsewhere. Opponents to

>. \ nuclear power focused the debate on the unsolved problem of how to dispose of the long lived
v̂  activity in the nuclear fuel. The Stipulation Act stated that before new nuclear power plants were
x fuelled the owners must describe how spent nuclear fuel as such or after reprocessing could be

managed and disposed of in an absolutely safe manner.

This determined the aim of the ensuing R&D-effort. A method should be developed which
provided a high degree of safety and which, for credibility, should use established technology.
The work had furthermore to be completed in the shortest possible time, since several new
power reactors were under construction.

Such was the scenario for this early stage of Swedish R&D on spent fuel management.

It was not the initial stage. The preceeding government had been aware that spent nuclear fuel
was an upcoming problem when the Swedish nuclear power programme gained momentum in
the late sixties and early seventies. A committee within the central administration started studies
as early as 1970 and a parliamentary committtee, the AKA- committee, was formed in 1972
with the mandate to recommend a national strategy for spent fuel management and the organis-
ation of the work. Their findings were published in spring 1976. They had done an excellent
work. As an example, the AKA-report sketched the disposal technique with vitrified high level
waste encapsulated in copper canisters and emplaced in pits in galleries deep in the Swedish
bedrock, which later became the essence of the KBS-method.
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I have given this much background because the course of subsequent Swedish R&D on spent
fuel was largely determined b" the Stipulation Act, and considerably influenced by the heritage
from the AKA work. Little time could be spent on systematic search for different disposal
techniques and one had already been sketched. The initial idea about how HLW shall be dis-
posed of has been maintained in essential respects although it has been elaborated and substan-
tiated with a wealth of data.

The first KBS report was published by SKB (then SKBF) in late 1977 after just about twelve
months work - an impressive achievement. It gained wide publicity thanks to the international
remit it was given by the government, which, naturally, wanted the broadest possible expert
judgement on Lhe feasibility and safety of the proposed disposal method, before it decided if the
requirements of the Stipulation Act had been satisfied. Most, if not all, hard rock countries
study disposal concepts which are similar to the KBS method. Whether this can be seen as the
result of a succesful sales promotion by the then Swedish government or is due to the inherent
merits of the method can be argued. The Canadian concept was developed by AECL along
similar lines and at very much the same time, so we cannot claim all that much priority.

This similarity between disposal concepts on the international scene has obvious advantages for
— the developer. He can benefit from experience in other countries, form joint ventures and gain

credibility. It is somewhat double-edged for the reviewer. He can enjoy the same advantages
but the convergence of ideas narrows his own perspective. It is difficult to compare advantages
and disadvantages of different approaches when there are few or no different approaches to
evaluate.

If new developments or new ideas surface once industry has got its license, there is really no
room for them in the programme. They would be difficult to accommodate even if they promise
considerable economic or safety advantages. Verification of new ideas takes time and money
and would have to compete with established thinking and hard won political and public ac-
ceptance.

The government will in the end have to take the consequences of strategic mistakes in the de-
velopment and implementation of nuclear waste management. The industry's main responsi-
bility is to solve as expediently as possible a problem which burdens their nuclear power enter-

^ N prise.

Our governments have been aware of this. Governments with different political bases have
accepted the KBS-method as sufficient evidence that spent fuel can be safely managed but
stated on repeated occasions that Sweden is not committed to that management method. Both
the Board and SKB shall actively study other possible methods and evaluate if they shall be
brought into the programme.

Mandate and method of review

The requirements on SKB to facilitate public insight and review of their work is outlined in the
Nuclear Activities Act of 1984. SKB shall, on behalf of the nuclear utilities, submit their plan
for R&D every third year to the government or an agency (the Board) appointed by the
government. The plan shall outline all necessary actions which have to be undertaken with the
spent fuel up to and including sealing of repositories for the waste. It shall also describe in
more detail the R&D programme for the next six years. The Board shall review the SKB plan
and forward it to the government with its own comments.
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Before the first review in 1986 the government advised the Board on its intent with this review
by specifying topics which the Board should address. The Board should in particular consider,

if the time schedule is appropriate,

if alternative disposal methods are surveilled or studied in sufficient degree,

the strategy in the programme to provide timely bases for future decisions on spent fuel
disposal.

the development of scientific and technical know-how in this field in our country

the future programme of site investigations for a repository

the procedures for approval at different levels of a proposed repository site

the information to the local communities involved in the site selection

The board is a small organisation. We have neither manpower nor funds to independently
"*" aquire a comparable know-how to that of SKB. The tradition within Swedish administration of

remits helps. We forward the SKB programme to our sister authorities SKI and SSI, to other
governmental agencies with interests in nuclear waste matters as the National Environment
Protection Board, Swedish Universities and Institutes of Technology, Swedish Academies and
research organisations, county and municipal authorities which have nuclear plants in their dis-
tricts, and interested private groups. A remit of this extent is common practice in Sweden in
matters of public interest. Since this process is reciprocal, at least between government agen-
cies, most groups asked also answer in due time.

Even so, we have reason to ask own consultants for advice since several topics are outside
everyday experience even within a broad range of knowledgeable people.

For the first review in 1986 we also contacted organisations in other countries with expertise in
the whole or in parts of the programme. We do not intend to ask for such an international
review on each occasion, but only when substantial developments have taken place in the

w programme in the due course of time.

Experience with reviews

The remit procedure helps us to get a broad perspective on SKBs work. Out of these remits
comes a general impression that SKB's work is largely commendable. This is only to be
expected. Swedish work on nuclear waste management would not have won its international
acclaim if it had been deficient.

Technical issues

When it comes to technical issues, the input we get varies. I will only give some examples of
problems we encounter in reviewing a wide-reaching R&D-programme.

The leaching of radionuclides from the fuel matrix is the initial and most important source term
of the safety analysis. Hardly anyone outside the nuclear fuel community can give an expert
opinion on SKB's and Studsvik's work on this. It is similar with bentonite. Bentonite is used
for many purposes, but the application to spent fuel disposal and its requirements is unusual.
We don't get many comments on these issues, and if we try to solicit specialist advice we find
that the best specialists in these narrow fields have been directly or indirectly involved in SKB's
work. We have to judge SKB's work mainly from their own reports. From these we get an
impression that they are on the right track and and that they do what can reasonably be
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expected. SKB are obviously good at writing technical reports. From our perspective Swedish
experience on these technical issues is satisfactory.

I should perhaps emphasize that we are not commenting on whether the fuel leakage is small
enough or the bentonite buffer tight enough for the safety of the system, we only judge if SKBs
studies are adequate in extent and quality.

The situation is different on geosphere and biosphere issues. We get more comments and,
sometimes, become more confused. There certainly remains much to be learnt about almost any
detail within these general areas. The difficulty is to appreciate which details are important and
which can be neglected.

This can be illustrated by some examples. Microbes can be found everywhere. To leam about
their presence and behaviour in the deep bedrock is a science in its own right. The same goes
for humic and fulvic acids. Those specialising in such areas have no difficulty in pointing out
research needs on these topics. But is such research essential for SKB? A specialist on
microbes or organic acids does not have the necessary perspective on the whole system per-
formance to recognise what is important and what is insignificant in a repository context. We
are not primarily judging the safety of the overall system, but we must have an opinion on the
relative importance for repository safety of various properties of different constituents of the
geosphere and the biosphere and that is sometimes difficult in exotic research issues.

In this respect it has been unfortunate that SKB has not presented rolling updates of its per-
formance analysis, as we have pointed out in our reviews. I repeat it here, but it won't embar-
rass Per Eric Ahlström now, since SKB have promised to publish a state of the art performance
analysis, SKB 91, before 1992. We have also just got the report on SKI's Projekt 90, which is
a sensitivity study on the contributions of different repository barrier and barrier components to
overall safety, made for the purpose to identify what kind of data SKB should collect in their
site investigations.

These performance and safety analyses will certainly help us and SKB to gain perspective on
the importance of different technical issues. But we should not limit this perspective entirely to
the needs for the KBS type of repository. An upcoming, promising alternative to KBS has a
huge handicap in its lack of a data-base. We should keep in mind that general, valid information
on the non-engineered barriers may become important, or, in the words of the quoted govern-
ment advice; we should give consideration to the development of scientific and technical know-
how in this field in our country.

One long standing, controversial issue seems to become resolved by exhaustion. In the early
days of disposal research, geoscientists claimed that it is necessary to know in detail how and
along which routes groundwater moves in the bedrock. Very substantial amounts of money and
manpower have been spent on this research goal, but with moderate success. The experience
seems to be that we shall never know what we were supposed to need to know, or rather that
we will never get more than fragmented knowledge. We need to be able to locate and describe
some important fragments of the flow paths, those which are adjacent to the repository galleries
and those dominating flowpaths which limit and define the useful host rock of the repository.
But for the intermediate fracture pattern it seems that a probabilistic desription is the best that
can be achieved. And if tectonic movements and transient ice-loadings of the bedrock modify
this intermediate fracture pattern over the millennia, it makes little sense anyhow to try to pin-
point that pattern as it happens to be to-day.

From such experience in our spent fuel research an opinion seems to gain ground in this
country that the most important role of the geosphere is to protect the engineered barriers rather
than to be in itself the main barrier against migration of radionuclides. The performance of the
engineered barriers can be validated. The role of the geosphere as a barrier to radionuclide
transport is too difficult to validate to be fully credited in the safety analysis. Better then to size
the engineered barriers so that they satisfy the safety needs by themselves. But that is a stand-
point which will surely be questioned within the international waste community.
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Strategic issues

We are not supposed to limit our review only to technical issues. We were advised by the gov-
ernment to consider,

if the time schedule is appropriate,

if alternative disposal methods are surveilled or studied in sufficient degree, and
the strategy in the programme to provide timely bases for future decisions on spent fuel
disposal.

These issues are linked to each other and the third is of overriding importance. The time sched-
ule with start of disposal around 2020 was suggested already in the KBS 2-report 1979 which
was the first to describe disposal of spent nuclear fuel. (KBS 1 described disposal of vitrified
high level waste.) 2020 would allow 40 years decay of radiative fuel heating. I don't think any-
one at that time could write down a critical line of R&D-activities which precisely filled these
40 years. The time schedule seemed generous enough in the first decade of this 40 year period.
Now, the time frame begins to feel narrow.

SKB plans to submit a siting application in about 12 years time. The design and construction of
the engineered barriers need to be proven by then even if production in industrial scale still re-
mains to be developed. We thus pointed out in our comments to the SKB R&D-programme 89
that the canister design must be decided within a few years if this time schedule shall be kept.
The SKB programme just about provides a timely base for future decisions on spent fuel dis-
posal, provided that these decisions are to build a KBS type repository. There is no time margin
left for alternatives if site and design are to be decided within twelve years. Should the time
schedule be expanded to allow time for thorough evaluations of alternatives? We have been
asked to give due consideration to this question.

SKB made an early start. Their disposal concept dates back to the 70's even if it has matured in
its details. It has stood repeated reviews with approval. The decision by the Swedish parliament
that nuclear power shall be phased out by 2010 influences the timing of the waste management.
No more spent fuel will be produced after 2010. It is coincidental that 2020 was proposed as
starting year for disposal already in the KBS 2-report from 1978. Termination of nuclear power
had not been discussed at that time. As the situation is just now, 2020 seems a most appropriate
time for start of disposal. The breadth of expertise we now have about various nuclear tech-
nology issues could shrink with time if disposal was to be considerably postponed. Our situ-
ation is in that respect different from that of other countries which continue with nuclear power.
These will need more or expanded repositories even if they have committed themselves to have
a first repository in operation by about 2020, as several countries have.

We can get away with one repository. It can be sized on beforehand for our needs since the
total amount of fuel to be disposed of can be calculated rather precisely. It is small compared to
the world production of spent fuel. Sweden can surely implement its own homemade manage-
ment and disposal concept and be of service to other countries by its example.

Another reason not to wait is that, at least up to now, there has been a shortage of promising
ideas about alternative, possibly advantageous waste management or disposal technologies.
This field of technology does not profit from the same competition between different ideas,
concepts and products as more consumer oriented technologies. Development is expensive.
The product is not profitmaking.

However, the present situation may change. Other countries will continue after 2010 with
nuclear power as well as with their development of nuclear waste management technologies.
Other concepts for deep geologic disposal may mature as e g deep boreholes. But, perhaps
more importantly, the long term aspect of spent fuel radioactivity, in particular alfa activity, is
a serious concern in the eyes of the public and such concerns cannot be neglected by the deci-
sionmakers. Proposals for reduction of the long term hasard by improved separation of radio-
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isotops and transmutation of the long lived species are published from time to time and attract
attention. The economy of the proposed processes have so far seemed poor, but this economy
would improve radically if the same process can be used for production of fission energy in
addition to detoxification of the waste.

The Swedish disposal programme aims at decisions on method and siting soon after 2000, start
of construction in 2010 and completion with closure of the last repository in the 2050's.
Although decisions are taken in the rather near future, a long time will pass before the work is
finished. Will the chosen Swedish method stand the test of time? It would be too bad if this
choice was deeply regretted at a time when it is impossible or very expensive to change. Such
considerations are uncomfortable to everyone even to those who venture to make them. They
can lead to indecision, loss of momentum in SKB's work and delays. They may end up in
nothing but extra expenditure. But we feel that they should be taken seriously because ques-
tions about the wisdom of the Swedish approach to disposal are asked from time to time and
may be asked with more persistence as the time for decisions comes nearer. It should be in
SKB's own interest to consider strategies which do not preempt adoption of one or the other
waste management technique which promises to have decidedly attractive features, if such are
proposed and may mature within the present time-horizon of our work, the mid 2000's. SKB
should be prepared for that eventuality.

Our advice is that SKB study a stepwise approach to full implementation of disposal. Build
along the present time schedule a repository in demonstration scale, but to the same stringent
requirements as for a full-scale repository. This strategy would preserve the momentum in the
present work and result in a timely demonstration that safe disposal can be implemented. Leave
the bulk of the fuel in its interim storage for a time which cannot be specified at this moment but
would have to be decided based on the circumstances at that time. Obviously, once one method
has been implemented even if in small scale, then other methods have to be convincingly su-
perior if they are to compete. But that is only a fair requirement on an alternative which should
be met anyhow.

I have given examples of difficulties we experience as reviewers. There are issues where few
outside the SKB community know something, there are issues on which some know much but
in a too narrow context and issues where there seems to be no way for us or SKB to gain
desirable knowledge. SKB has to get around the problem in some way. And there are the stra-
tegic issues. Reviewing spent fuel disposal R&D is a high level activity in more than one sense.
Sharing and exchange of experience with others helps. It is good to see colleagues here when
we have taken this opportunity to celebrate that we are coming of age.
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INTRODUCTION.

When I was asked by SKN to give this presentation they also
suggested the title - Technical review - help or disturbance in
developing a back end syste»? I must adroit that I hesitated a
little. Would it really be appropriate for a senior represen-
tative of SKB to say at an SKN anniversary symposium that "Of
course this repetitious review is a disturbance"? But on the
other hand I also always thought that the review process is not
only a help but a necessity to create good technical solutions
to difficult problems, so I decided to accept the challenge and
try to give my answer to the question.

HISTORY.

The Swedish waste management programme has a relatively short
history but this history is filled with reviews and reviewers. I
believe this is true for many waste management programmes, but I
also believe it is somewhat unigue if compared to other activities
in society. Few technical or scientific programmes have been
reviewed to the same extent from various perspectives as the
waste management programmes. I could think of the bridge over
Öresund from Sweden to Denmark or the tunnel under the English
Channel as examples of projects that have attracted the same
level of attention from various reviewers.

The reviewers of the waste management programme have not only
considered the scientific and technical aspects but also ethical,
social, economical, environmental and other factors of often
highly relevant character but also sometimes of rather dubious
significance. The reason for this broad cross-scientific attention
to the field is of course the controversy surrounding waste
management in general and in particular management of radioactive
waste.

The Swedish programme started on a large scale in the early 1970s
with the work of a parliamentary investigative committee appointed
by the Swedish government - the AKA committee. The final report
from the committee was published in 1976 and was then in good
Swedish tradition sent for review to a broad spectrum of organi-
zations and institutes in Sweden. At the same time the political
parties were preparing for an election campaign, where the nuclear
issues were going to play an important role. I think it was then
that the radioactive waste issues at least in Sweden raised from
an issue to be resolved by scientist and engineers in compliance
with strict environmental requirements to a symbolic issue
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representing the real or perceived threats from modern large
scale industrial societies.

The new government formed after the elections in 1976 started out
by proposing new legislation concerning the management of high
level radioactive waste. The nuclear power utilities were requested
to show that such waste could be handled and disposed of in a
safe way before the start of new nuclear units would be permitted.
As six units were in various stages of construction the new
requirements were really harsh and demanding and called for
immediate action from the utilities.

A special project - called KärnBränsleSäkerhet KBS - was started
at once. In developing the programme for that project the technical
comments given in the review of the AKA report as well as the
report itself were of great help to identify some of the key
issues. And not only the issues themselves but also some
specialists who had knowledge on some of the issues.

The KBS project issued its first report including a comprehensive
safety analysis on final disposal of high-level reprocessing
waste in the end of 1977. It was immediately sent on an extensive
review within Sweden. In addition a special, international review
was organized by the government. In total 24 Swedish organizations
and 25 foreign organizations or specialists sent their comments
to the Swedish government special working group which handled the
review. In parallell to the KBS project a governme it appointed
energy commission was evaluating the whole energy situation in
Sweden. That commission also organized a separate review of the
KBS 1 report. They appointed two experts - one pro and one anti -
who were asked to write a scientific review of the report, and
identify the issues where they did not agree on their conclusions
in the review.

The KBS 2 report which presents the first comprehensive study on
final disposal of unreprocessed spent nuclear fuel was published
in September 1978. It was never used directly in support of an
application according to the special law as was KBS 1. Nevertheless
it was sent out for international review in a similar manner as
KBS 1 but partly to different reviewers. Eleven organizations
were invited by the government to give their comments and submitted
written reports of their reviews.

In 1983 another report on spent fuel disposal KBS 3 was issued in
support for the application to start operation of the last two
nuclear power reactors in the present Swedish programme. This
study was of course also sent for review and some 23 Swedish and
8 foreign organizations and specialists sent their comments to
the government.

By this extensive review process for the KBS reports one could
say that a tradition or at least a pattern had been established
for public, formal review of the waste management programme in
Sweden.
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Tho new legislation that was promulgated in the nuclear field in
the first half of the 1980s provided a more clear division of
responsibilities between the authorities and the industry than
had existed before. The industry (or rather the reactor owners
through SKB) were by law given the responsibility for the research,
development, planning, construction and operation of all necessary
waste management facilities and also to report every third year
to the government on the progress made and on planned R&D-work
and on other necessary measures to be taken. The National Board
for Spent Nuclear Fuel - SKN - was founded and given the role to
closely follow and review the SKB R&D-programme. Being a small
organization with a small staff SKN quite naturally relies on the
support from others in their execution of the review process.

In accordance with the law SKB has so far issued two R&D-programmes
in 1986 and in 1989 respectively. These programmes were sent by
SKN to a large number of organizations for review. The first
programme was commented on by 39 Swedish and 9 foreign reviewers.
On the 1989 programme 34 Swedish reviewers gave there comments.
Thus it seems that SKN is following the "tradition" from the KBS
reviews as far as the periodic R&D-programme is concerned.

It should however be pointed out that this "tradition" is not in
correspondance with the way that the safety authorities (the
Nuclear Power Inspectorate and the National Institute of Radiation
Protection) conduct their review of a licence application. They
also often rely on outside experts but in general only concerning
specific questions put by the authority to such experts.

TECHNICAL REVIEW - A HELP.

From this experience of periodic technical reviews one can point
to quite a few benefits.

First - the public, independent review makes the results achieved
and the plans proposed by the industry and the researchers known
and - when accepted - also credible to the scientific community,
to the decision makers in society, to the media and to the general
public. All these groups have to have some confidence in the
waste management programme and in the people responsible for
implementing the programme. If they didn't have that it would be
impossible to carry the programme through.

Second - the extensive international reviews of the KBS reports
helped to make the work at SKB wellknown in other countries.
Highly qualified people abroad were actually payed for reading
the reports carefully and commenting on them. They thus became
aware that some new ideas had been developed and that a substantial
amount of good scientific work was being made in Sweden. In the
same way additional knowledge of the R&D-work was spread to
universities and institutes in Sweden. The international contacts
for SKB, for the authorities and for the scientists working for
SKB and other waste management organizations were thus broadened.
This was of extremely good help to increase the confidence in the
ongoing work but also for planning future work. I also believe
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that the international reviews of KBS 1 and KBS 2 helped in
attracting participants to e g the International Stripa project,
when it started in 1980.

Third - the comments obtained through the review helped a lot to
focus on important issues and to identify areas where more in
depth studies were needed. In particular I believe that this was
the case in the chemistry and geochemistry fields.

Fourth - another benefit from the review is that it sometimes is
a help to sort out and delete nonimportant studies or to close the
books on very improbable events or issues. The opposite can of
course also happen and I may come back to that. An example of an
issue that at least for many years has been closed after a review
is the question on incidental criticality in a spent fuel
repository. This issue was before and during the mid-1970s used by
some responsible scientists as one strong argument against spent
fuel disposal. It was addressed in the KBS 2 report for the
first time reasonably in depth. The propability and the possible
consequences were shown to be of very little significance. A few
of the reviewers of KBS 2 commented on the analysis made and in
general agreed with the conclusions. After that it seems the
subject has been closed, the arguments are not raised any more
and no further studies have been reported.

INTERNAL REVIEW

So far I have only discussed the public, formal review, which by
necessity only occurs at regular intervals, but on the other hand
often involves many of those in society who may have an interest
in the subject.

The concept "technical review" does however also include other
parts of the review process. I am thinking of the more or less
day to day review carried out by the safety authorities SKI, SKN
and SSI through their staff or their consultants. I am also
thinking of the internal reviews that is going on within the
various projects and within SKB. For the final results of the
work these reviews are of equally large or larger importance as
the more formal public reviews.

Within the SKB R&D-programme we have always put emphasis on
internal reviews. These internal reviews are of course by no
means fully independent as they interact frequently with the
ongoing project work. Sometimes the review meetings may be more
like workshops but they play an important role to secure good
quality on the scientific and technical results of the work.

Often the internal review is organized in special reference or
advisory groups. Examples of such internal review groups are:

the expert group on canister corrosion which evaluated
the work on that subject for all three KBS reports.
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the international technical subgroups in the Stripa
project, which evaluate the programmes, the working
plans, the progress of work and the results reported
before approval or acceptance in the international
steering group, JTC, for the project.

the international technical committee for the JSS
project on studies of the behaviour of vitrified high
level waste in ground water.

the scientific advisory committee of the ongoing Äspö
Hard Rock Laboratory project, which has a similar
function as the technical subgroups in the Stripa
project.

the reference group for SKBs evaluation of the WP-Cave
repository concept in 1986-89.

On some of these reference groups specialists from the authorities
SKI and/or SKN have participated as observers.

Our general experience from these internal reviews is that they
are a necessary ingredient in the process to achieve high quality
results in the scientific and technical work and also very valuable
in setting proper priorities on the tasks to be performed.

There are of course also other kinds of normal internal reviews
such as management reviews, quality assurance programmes etc. As
these are necessary and regular parts of any well organized
programme I will not discuss them here.

TECNICAL REVIEW - A DISTURBANCE?

So far I have tried to give arguments for the conduction of
technical reviews. However, in some not so uncommon cases a review
really is a disturbance. It may even fail to contribute to the
overall objective of the waste management programme - to handle
and finally dispose of the radioactive waste in a safe way. In
such cases the review is only a disturbance.

The reasons for such a failure of a review may be very different
in different cases. Most often however the reason is that either
the reviewer has a lack of time and/or addresses the wrong problem.

I will try to explain what I mean by the following somewhat
caricature description of how not so few of the Swedish reviews
of the KBS-reports and the SKB R&D-programmes in retrospect seem
to have been made.

All these reports have been sent for review by the government or
by SKN to all universities and technical institutes with scientific
programmes as well as to the scientific academies - the Royal
Academy of Science and the Royal Academy of Engineering Sciences.
In the cover letter where SKN (or the government) asked for
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review they also refered to the paragraphs in the law under which
the review was made. No specific questions were asked.

Typically all these institutions have access to experts in all
the pertinent fields. They don't, however, have an organization
to really review a case related to several different scientific
disciplines. The result was then often that the faculty sent the
report to some of its members who said they had an interest in the
review and something to contribute to the case. Then - still in
caricature - the following happens.

The professor of "axtranphilosogy" recieving the report from the
faculty starts reading. He finds that the report covers a lot of
different aspects that doesn't belong to his special field.
Maybe sometimes he even thinks that the arguments given are
reasonably convincing? "But since I am not an expert in all these
other fields I have to concentrate on those aspects that belongs
to my speciality - axtransphilosogy". That is his reasoning and
under the circumstances it is fair enough. He then starts to

^ review those particular issues in detail. He finds that there are
a number of references most of them to SKB technical reports, but
none to any work made at his institute. He understands that these
technical reports are available on request from SKB, but he
really doesn't have the time and/or has not been given the time
to request, recieve and read those reports before his comments are
due to the faculty.

Thus he writes the following report:

"At the request of the special faculty committee for review of
the SKB-study the institute of axtransphilosogy under my super-
vision has reviewed the SKB R&D-programme 89. We find the report
well written and easy to follow. We also find that the subject of
nuclear waste management is a cross scientific field utilising

^s knowledge and data from several academic disciplines. It would
^, therefore be important to consider the weight of different
v scientific issues in an overall context. However as

axtransphilosogy plays a very important role in the nuclear waste
management work we have concentrated our comments to that
discipline ( Here follows two pages of specialized
axtransphilosogy arguments) Thus we find that although the
programme treats the aspects A and B in a commendable way the
lack of any further investigations of aspects Q and 2 are most
surprising. Only if such investigations are added to the programme
can we recommend that the programme ^^ approved. Our institute
is of course prepared to suggest pertinent research to clarify
the importance of the aforementioned aspects Q and Z. From longtime
studies in the water supply to desert states in central Africa we
have considerable expertice in the implications of aspect Z."

The faculty recieves this and two other reports on quite different
subjects but worked out in similar fashion and under similar
circumstances. The members of the special faculty committee finds
that this is may be not a very coherent answer to the review asked
for, but that not very much can be made with the time and resources
available. Thus they staple the three reports together and send
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them to SKN with a cover letter saying this is the review of the
faculty of science at the university of Stockbourough- Sometimes
they also complain that resources and time for the review have
been too limited.

Next morning the "Stockbourough Telegraph" has a two-column
headline on the back page saying "Stockbourough scientists rejects
the nuclear waste programme". And I may have telephone calls or
visits from my boss, two concerned engineers from the nuclear
utilities, five journalists and three experts on axtransphilosogy
asking for explanations or comments, giving advice or suggesting
alternative ways to avoid aspect Q and Z, which anyhow will be
impossible to resolve.

Of course this is a disturbance!

Clearly in my opinion this is not the most efficient way of conduc-
ting a review. Although I have deliberately been caricaturing
there are a few lessons to be learned and a few comments to be
added.

The process most likely has not made optimum use of the collective
expertice of the faculty. SKN has asked if the R&D-programme
meets the requirements of the law. These requirements are however
very general and subject to interpretation. The legislator is
fully aware of this and that is one reason for having created
special authorities to review the work of the industry on the
basis of their interpretation of the legal requirements. In the
field of nuclear waste management safety is the overriding concern
of the law as well as of the public, of the authorities and of
the industry. In the process it is then necessary to identify
which issues, which knowledge and which data are of substantial
importance for safety and then assure that these issues, knowledge
and data are covered comprehensively by the R&D-programme. This
work is of course at first hand the duty of the industry, SKB,
who writes the programme. In the subsequent review however I
think that the authorities are fully competent to judge whether
all relevant issues, knowledge and data requirements have been
addressed in the proposed programme. Then - to judge whether they
are fully addressed to the depth necessary - the authorities may
have to go to specialists.

In this step I think that more specific questions have to be asked
in order to really get a comprehensive coverage of the most
important subjects. I don't think it is fair to members of a
university or an academy to request that they themselves should
identify the important issues. Thus I think that you will get a
much more useful review if you in your next cover letter to
"Stockbourough university" would add something like the following
to the previously used standard text:

"SKN is aware that your faculty has a unique competence in
colloids. Colloids could be of special importance as carriers of
radioactive substances with the ground water and thus of importance
for the long term safety of a repository. We would therefore
appreciate if you in your review would pay special attention to
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aspects related to colloid transport in ground water. To facilitate
your review in this respect we enclose a copy of SKB technical
report IJ-KL, which gives further background to the proposed
programme on or related to colloids. That report also gives
additional references which are available at SKB."

Another way of getting reviews that are more to the point is to
request that an academy or a university sets up a review panel.
Then it is often very fruitful to arrange specific review hearings
with the applicant opening the possibility for a scientific
dialogue. In the international reviews I mentioned previously we
have had several examples of such panels and some of them have
contributed quite constructively to the development of the waste
management programme.

The previous remarks have given an example on how the formal
review sometimes may be more of a disturbance than a help. There
are also other ways the review process can cause disturbances in
the development work. The authorities quite naturally wants to
follow various ongoing activities in great detail. Most often
this is of some help also to the responsible executing organi-
zation. Sometimes however it creates problems that are not so
easy to resolve, in particular when there develops a difference of
opinion on how to proceed between the experts on the two sides.
The SKB expert says "this is my interpretation of the available
data and I think we should proceed in this direction".

"No, says the SKN expert, I don't think you have enough data to
support that conclusion. The work we made in Smallhouse last year
pointed in a different direction. Before you proceed you should do
such and such work first."

You may think that in such a case it is always wise to follow the
line of the SKN expert, even if you are sure that his idea or
concern is irrelevant. But he doesn't have the responsibility. If
there is a delay and a considerable increase in cost, you are the
one that has to defend the action taken, not the authority. Cost
overruns and delays that even in retrospect turn out to be
unnecessary or unjustified doesn't help to strengthen your
credibility or peoples confidence in your ability to develop a
backend system. Thus conflicts between your own experts and the
authority experts on issues of significant but limited importance
in ongoing projects could sometimes develop into a disturbances
that you feel is partly unnecessary. I don't have any easy general
answer to this problem, but I believe it is the responsibility of
SKB to take the necessary decision. This of course always has to
be defended when the safety case is brought to a final test in
the licensing procedures.

TECHNICAL REVIEW - HELP and sometimes DISTURBANCE.

In conclusion I would summarize the review I just made in the
following statements:
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Technical review is a necessary ingredient in any major
scientific-technical programme in order to ensure high
quality results.

Internal technical review is extensively used by SKB in
the research, development and demonstration programme
aiming at a final repository for spent fuel.

The review can be organized in many different ways. It
is important to find those ways which in each case give
the most useful and credible results.

The public, formal review helps to make the results
known and thus if they are accepted also credible. This
is important for obtaining the confidence of all those
directly or indirectly affected by the programme.

- The review process helps in defining the important and
the unimportant issues for the waste management pro-
gramme .

The technical review by authorities are often perceived
as a disturbance. Most often I believe that such
disturbances are necessary and in the long run even
beneficial. Sometimes they are however felt to be
unnnecessary. In general terms I have tried to give you
examples of such not so necessary disturbances.

Finally I hope that my review this morning has created some
positive disturbances in your minds that will help to feed the
discussion this afternoon.

Thank you for your attention!
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ARE WE FOCUSING ON THE RIGHT TECHNICAL ISSUES IN HLW RESEARCH?

THE EVALUATION OF THE CANADIAN PROGRAM

L.W. Shemilt, Chairman, and G. Sheng, Science Secretary
Technical Advisory Committee to AECL, Canada

1. INTRODUCTION

The nuclear power program in Canada is based on the heavy water moderated and cooled, natural
uranium fuelled CANDU (CANadian Deuterium Uranium) reactor which operates on a once-through
cycle. Since 1972 (to the end of 1990) about 14.4 Gg of irradiated fuel have been accumulated in the
water-filled storage bays at nuclear power stations, largely in the Province of Ontario where over 50%
of its electrical energy is now produced in such stations. The use of high-density storage arrange-
ments in existing water-filled bays at reactor sites will provide storage capacity until at least 1993 (for
the Pickering site) and 1997 (for the Bruce site). Extension is quite feasible to meet requirements for
at least two decades more. It is recognized, however, that this type of storage is only a temporary
measure and that a permanent means of waste disposal must be found.

Following recommendations that a national plan and research program for safe disposal of the used
fuel/wastes be instituted, the Canadian Nuclear Fuel Waste Management Program (NFWMP) was
formally established in June 1978. Under this Federal Government-Ontario Agreement, Atomic Energy
of Canada Limited (AECL) was designated as the lead agency for carrying out the research with
participation from the provincial utility Ontario Hydro as well as from various governmental depart-
ments. The program was for the concept of deep disposal in geological formations in the Canadian
Shield, more specifically in igneous intrusions of crystalline rock. The concept and the ensuing
research program have been frequently described and will be very briefly summarized in Section 2
below.

To provide an on-going scientific/technical evaluation and continual review of the Canadian NFWMP.
a Technical Advisory Committee (TAC) to AECL was established in 1979. Its organization and role
are described in Section 3 of this paper.

The national mechanisms for the regulatory aspects and the approvals process for the examination of
the program results are outlined in Section 4. Information is also given there on how environmental
concerns arc being highlighted both through the approvals process and by independent examination by
Environment Canada.

The environmental reviews mentioned immediately above arc just being instituted. In effect, the
evaluation of the Canadian NFWMP by TAC (since 1979) has been the only one of record. In
Section 5, therefore, is outlined some of the major elements in TAC's evaluation over the last 11 to
12 years This retrospective listing provides a basis for a current perspective (Section 6) and a more
speculative prospective (Section 7) in which the author endeavors to answer the question, rhetorical or
oiherwisc, presented in the title of this paper.

2. THE CANADIAN HIGH LEVEL WASTE DISPOSAL CONCEPT AND PROGRAM

The overall objective of the NFWMP is "to ensure that there will be no significant adverse effect on
man or the environment from nuclear fuel waste at any lime" (Rosinger and Dixon, 1982). Nuclear
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fuel waste is defined as either used or irradiated fuel, or high-level radioactive material separated from
used fuel through reprocessing (should Canada adopt this option in future). Similar to efforts in several
other nations, the Canadian program of research on deep geological disposal of nuclear waste is based
on the concept of isolating wastes with a scries of barriers situated in a deep (500 m - 1000 m)
underground vault, built in a stable, terrestrial geological formation such as the Canadian Shield. The
present program has been described in general terms (AECL, 1989), and details on the research
components for the multi-barrier system have been presented in a group of papers (Dormuth, 1987).
AECL also issues continuing series of technical reports on specific work, as well as periodic progress
reports on the entire program.

The multi-barrier system under investigation follows what is now almost an international standard with
a scries of engineered barriers and the natural barriers offered by the geosphcrc and the biosphere. The
bundles of used fuel would be encased in containers with an anticipated minimum lifetime of several
hundred years corresponding to the period of high fission-product activity. The containers would be
designed to withstand vault pressures and be resistant to corrosion under the temperature, groundwmcr
exposure and radiation fields that could potentially exist. A supported shell packed with paniculate
matter has been selected as the reference container design, with candidate container materials identified
as ASTM Grades 2 and 12 titanium (Crosthwailc and Chadha, 1989). Additional work on copper is
being pursued. Research has also been conducted on immobilizing high-level wastes from fuel reproc-
essing (if adopted) whereby the waste would be incorporated into a water-insoluble, lcach-rcsistant
material, such as glass or ceramic.

Following waste immobilization or containment, the containers would be emplaced in the vault and
packed with a compacted buffer material such as bentonite clay. The reference buffer material
(Johnson et al., 1987), a SO-SO mixture of silica sand and a Canadian bentonite, swells upon contact
with water, thus acting as a seal against leaching and corrosive agents. It also has a high capacity to
absorb chemical species, including most of the significant radionuclides. The vault and the shafts
would then be backfilled, probably with a mixture containing bentonite and crushed granite, and along
with borehole sealing thus close any openings to the surface.

The geologic medium in which the underground vault is built acts as yet another barrier to the
migration of radionuclides should they escape the vault. Retardation occurs as a result of a number
of natural processes taking place at depth, including chemical absorption of radionuclides onto rock
surfaces, ion exchange, diffusion into the body of the rock, and the long path lengths to the surface
due to the relatively small size and frequency of fractures in the chosen rock. The effectiveness of
this natural barrier depends on careful selection of a site which exhibits favorable gcochcmical,
geological and hydrogeological conditions. Major exploratory work has been undertaken at three
different research areas. East Bull Lake, Atikokan, and at the Lac du Bonnet balholith in the Whiicshcll
Research Area. The most extensive work has been the last named which has been the site of the
construction and current operation of the Underground Research Laboratory (URL).

Although the biosphere is not generally regarded as a "barrier" in the same sense as those described
above, the surface environment, with its large volume of soil and water, has a great capacity to disperse
and dilute whatever material which, no matter how unlikely, may reach the surface. Bioscicncc studies
include radiologic effects, dosimetry, ecological succession, limnology, hydrology, plant uptake, and
food chain analysis.

The objective of the overall system analysis or performance assessment is to process and integrate the
results from such disparate studies into a comprehensive and comprehensible statement about the safely
and acceptability of the disposal concept. Most performance assessments involve a probabilistic
approach. Canada has adopted it in the form of Systems Variability Analysis (SVA) through a
computer code, SYVAC (Wuschke ct al., 1981).
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The program for actual disposal was established to proceed in three distinct phases. The first phase
involves the assessment of the above concept as to whether it can achieve the stated objective of safety
and permanence. This generic research and development phase was initiated about 1978 and
reformulated for the decade 1981-1991. Currently it continues while an external and formal
environmental assessment (including both regulatory and scientific review aspects) has recently been
instituted (Section 4 below) to determine the acceptability and feasibility of the concept. The second
phase, that of site selection involving the actual process of locating a potential site, may only begin
if the concept is deemed acceptable. The final phase would be the construction and operation of an
actual vault after successful location of a suitable site.

3 . TECHNICAL ADVISORY COMMITTEE

Both the organizational details and operational role of TAC have been reported recently (Shemilt and
Sheng, 1991). The following text draws extensively on that report.

As noted, the Technical Advisory Committee was formed in 1979. The terms of reference for such
a committee had been agreed to by AECL in consultation with the presidents of seven major scientific

^ and engineering associations in Canada. The agreed terms, subject to triennial review, have not been
changed. The purpose was to advise on the extent and quality of the program (CNFWMP). and to
serve as an independent peer-review committee. The members were to have suitable technical or
scientific background, to be recommended by appropriate professional bodies, to be appointed by
AECL for three years with reappointment through recommendation of the appropriate bodies. The
responsibilities of TAC were to review proposed research programs within the CNFWMP, suggest
alternatives and additions as deemed appropriate, review scientific methodology, note if the best
available technology was being applied, and to review results and conclusions. In addition, TAC was
to identify expertise for contracts, recommend areas for research and advise on research proposals.
TAC was to be responsible for its own internal organization, to meet as deemed appropriate, to appoint
a secretary to keep minutes of all meetings and to recommend other resource personnel as deemed
desirable. It reports to the AECL Program Director and submits an annual report published by AECL
as a public document.

The Technical Advisory Committee initially had a membership of ten, now extended to sixteen. It
^-. meets regularly as a full committee, and some sixty-five meetings have been held since its inception

^V< twelve years ago. TAC also utilizes a subcommittee structure correlated with major elements of the
research program. The four subcommittees (Gcoscicnccs, Engineered Barriers, Bioscience and Systems
Analysis) have some overlap of membership to maintain continuity and invoke expertise in required
aspects of the program. The nominating societies and the number of such nominees currently on TAC
arc as follows: Canadian Federation of Biological Societies (4), Canadian Association of Physicists (2),
Canadian Geoscicncc Council (3), Canadian Information Processing Society (1), Canadian Institute of
Mining and Metallurgy (2), Chemical Institute of Canada (2), and the Engineering Institute of Canada
(2). The distinction of such peer nomination is further evidenced by the fact that nine of the current
members are Fellows of the Royal Society of Canada, and two engineers are both Fellows of the
Canadian Academy of Engineering.

The review procedures used by TAC "remain in the tradition of peer review and include a critical
examination of information directly available from a large number of research projects within the
program. Such information comes in three main formats: published documents, laboratory and field
visits, and meetings and discussions. Documentation includes an AECL Technical Record (TR) scries
of reports, initiated primarily for this program, and a large number of contributions in the AECL report
scries. Both series are publicly available, and both were subjected to internal review before publication.
In many instances the report contents were also published, in pan or in whole, in the open scientific
literature. Other AECL reports available to TAC include a series of quarterly progress reports (for the



first few years) which were succeeded about 1986 with semi-annual status reports published in the TR
series. Inputs for TAC's evaluation have also been provided by scientific papers presented at national
and international conferences, and publications, now numbering over 300, in scientific periodicals and
conference proceedings as authored by participants in the research program. The vast open literature
available in the field of high-level radioactive waste provides an invaluable context for evaluation of
all components of the Canadian program, especially those closely related to work in other jurisdictions
and countries." (Shemilt and Sheng, 1991).

TAC arranges for site and laboratory visits, combining these with informal presentations by program
staff on an organized basis. Progress report presentations by research staff, have been a paramount
source of direct and current information to TAC. In the early years of the program such information
meetings were held three to four times a year, then on a bi-annual basis for several years, and now
occasionally as needs demand. "These 2-3 day assemblies were an ongoing part of program activities
assisting in the integration of projects and developing coherence for the overall program.
Simultaneously they provided TAC with an opportunity to hear and to enter into discussion with
research personnel, as well as to follow current progress in many of the specific research projects.
Latterly the proceedings from such meetings were published in the TR series. Occasional special
workshops and meetings on specific program areas or topics have been held, sometimes following
suggestions made by TAC. These occasions provided for participation by scientists who are not
otherwise involved in the program. The direct involvement, as reviewers or discussants, of several
outside expert scientists provided valuable and direct evaluation of specific program components. The
convening of review panels, again on specific topics, has occurred. These also allowed for TAC
participation. The total flavour of openness and full freedom of information has been noted in annual
TAC reports as a most commendable feature of the Canadian program. Presentations and contributions
to the proceedings of national and international conferences, workshops, and special working groups
by program personnel are also noted by TAC." (Shemilt and Sheng, 1991). All such meetings
facilitate direct, informal communication between members of TAC and program research personnel,
enabling the exchange of information, suggestions and advice, and assisting in our endeavors to fulfil
our mandated role.

"Utilization of the above sources of information, including the monitoring of related work elsewhere,
provides the basis for the review and advisory activities of TAC. These continue to centre on a
scientific evaluation of methods, technology and results achieved within the program both as related
to objectives, and with regard to such limiting problems as time, manpower and resources. Efforts
to determine missing or neglected areas of research, and to suggest potential sources of expertise or
special facilities that might become involved in the program are part of the evaluation mode.
Judgments on scientific methodology, accuracy and significance of results are made. Publications in
refereed proceedings and journals are an important aspect of external recognition that can significantly
augment our evaluations. Extensive subcommittee and committee discussion assists in judging degrees
of relevancy and levels of priority. The existence and adequacy of research plans, of experimental
design and specificity of data and experiment needs are all categories entering into the judgment areas
employed by TAC as it assesses and advises." (Shemilt and Sheng, 1991).

Some of TAC's advice and assessment is communicated informally and directly to research personnel
through meetings, site visits, etc. as described above. However, the major focus for presentation of
TAC's evaluation and advice remains its annual report. Directed to AECL, and formally communicated
to the Director of the AECL program, the annual report presents program managers and personnel with
evaluations and judgments in each program area reviewed, and, in terms of general interest, an overall
review of the program through the cumulative status of research accomplishments and the national
context in which the program is operating. This latter includes regulatory and external environmental
assessment plans, program funding and organization, public information and participation, and comments
on international involvements. Annual reports, available in both official languages, are widely
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distributed and have a current circulation of some 800. Infrequently TAC also sends Technical
Communications to the Program Director on topics of immediate concern. These are noted in ensuing
annual reports. Annual reports will also deal explicitly or implicitly with any responses received to
previous reports. AECL's formal response to a TAC report is bound with the succeeding year's TAC
report. TAC's operations are supported by a small staff consisting of an administrative-office secretary-,
a computer analyst and a science secretary, the latter two with professional scientific qualifications.

4. REGULATORY ASPECTS AND PROGRAM APPROVALS PROCESS

The first phase of the Canadian program as described above was initially termed "Concept Assessment".
The original plan for its evaluation or review, reached by Canada-Ontario agreement, was to be through
an Intcragcncy Review Committee comprising the Atomic Energy Control Board (AECB), the Ontario
Ministry of Environment, and Environment Canada. AECB, which is Canada's regulatory authority for
all matters related to radiation, was to be the lead agency for the environmental review. The current
approvals or review process respecting the NFWMP which is now in effect, was based on a referral
to the Minister of the Environment (Canada) for action under the federal Environmental Assessment
and Review Process (EARP) administered by the Federal Environmental Assessment Review Office
(FEARO). This involved the appointment of a Review Panel (announced in October 1989) which has
a broad mandate for examination of the concept of deep geological disposal and which ensures
opportunities for full public discussion of nuclear fuel waste management issues. A Scientific Review
Group (SRG) of eminent, independent experts has been established to assist the Panel in its evaluation
of scientific and technical matters and to supply its own scientific evaluation of the concept. An
Environmental Impact Statement (EIS) for review is to be submitted by AECL. This documentation
is being compiled from all of the program research that has been carried out.

An important factor in providing AECL with guidance on criteria to be used in its development of the
waste disposal concept has been the regulatory requirements set out by AECB in two Regulatory Policy
Statements, R-71 and R-104 which deal respectively with the disposal concept and with radiological
criteria. AECB has also issued a Regulatory Guide, R-72 which describes the characteristics, in the
form of geological criteria, of a geologically acceptable site for underground disposal of high-level
radioactive waste. AECB, as the federal regulatory agency, is playing a role as intcrvenor in the
review process, and is available for consultation by the Review Panel.

Based on a series of public workshops followed by a scries of public hearings in 1990, the Review
Panel issued draft guidelines in May 1991 for public response. The Panel is expected to issue final
guidelines in the fall of 1991 describing what is expected of the EIS and the issues to be addressed
in concept evaluation. AECL will be expected to submit its EIS in a reasonable time thereafter,
presumably sometime in 1992. Upon receipt of AECL's EIS, the Panel will distribute it widely for
review, and with the help of the SRG, would determine if the guidelines and regulatory criteria had
been met. If there were deemed to be deficiencies, revisions would then have to be made by AECL,
otherwise the Panel would announce, prepare for, and conduct public hearings. The Panel would
receive public input and participation in the review certainly throughout Ontario and in the provinces
of Quebec and New Brunswick, where used nuclear fuel is also produced and stored. The Panel would
report its findings to the Minister of Environment Canada and the Minister of Energy, Mines and
Resources Canada, who would then make them public. It will then be the responsibility of the Federal
and Ontario Governments to make a decision on the overall acceptability, conditional acceptability or
non-acceptability of the concept presented in the EIS.

The review process is designed to ensure that all parties, including regulatory bodies, government
departments, the scientific community, the general public, and interested groups, have the opportunity
to provide views on and responses to the results of the very complex undertaking cf the research on
nuclear fuel waste disposal. At the same time, the final decision on its acceptability rests properly with

\
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the governments as having overall responsibility. Actual site selection for a waste disposal facility (the
second stage) will, it is understood, commence only after the concept has been accepted.

An additional role in review of the concept of deep geological disposal in Canada has been assumed
by the Conservation and Protection Division of Environment Canada. It has assembled two teams of
consultants, a Subsurface Advisory Team and an Environmental Advisory Team, to work with their own
staff in carrying out independent evaluation and calculations relating to certain aspects of L.e concept.
They have made submissions to FEARO respecting the guidelines to be issued, and presumably will
play a part, essentially as intervenor, in the review process.

5. TECHNICAL ISSUES -- RETROSPECTIVE

With the broad objectives of TAC's task and reporting thereon, it is not unexpected that our
recommendations in each annual report are often wide-ranging as well as very specific. In addition,
since each report purports to review the entire program and to reflect its current status, there will be
much overlap and repetition among the 645 recommendations or evaluative judgments made in the
eleven TAC reports now issued. Additional to those specifically enumerated as recommendations, the
accompanying text frequently includes suggestions or comments that are designed to assist the progress

, „ of the various investigations. Affirmations, matters of commendation, items of criticism, suggestions
and the raising of questions are included. In the various listings which follow, a greatly abbreviated
format is used to give the essence of the issue which is itemized. The fuii implication can only be
accurately understood if its original context with basis and rationale is taken into account. Wherever
a number follows a statement, it refers to the pertinent annual rcport(s), ex. TAC-1 is the First Annual
Report published in 1980.

Throughout the eleven annual reports there is noticeable a steady pattern for certain recommendations
or affirmations which are presented each year, reflecting either a continuing or a consistent view by
TAC for a number of years or throughout the past decade. Among these are many which are of a
general or semi-technical nature. These include:

Support wide participation in the program (government, industry, university).
Know international framework -- cooperate internationally.
Support construction and operation of an Underground Research Laboratory.

j&\ Publication in scientific literature strongly encouraged.
VAN Construction of hydrostatic test facility commended.

Of the technical issues showing regular and continuing inclusion in TAC reports, the following are
examples:

Concentrate on used fuel as waste form.
Support system variability analysis for performance (safety) assessment.
Range of toolsAechniques for software reliability should be used.
Thorough evaluation of simulation models required.
Awareness of alternative geologic media included.

The main categories for TAC recommendations correspond logically to the main organizational
groupings in the Canadian NFWMP, i.e. engineered barriers, gcoscicnces, biosphere and systems
analysis (including performance assessment). The pattern for most comments has been a changing one
over the years as they address developing aspects of the many investigations and research tasks being
undertaken. For each of these categories, a short listing is given below, as taken from a recent
publication (Shcmilt and Sheng, 1991). They illustrate the dynamics of the development of a mission-
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oriented program, and reflect the more important technical issues as judged by TAC at the time even
though the brief statements appear usually as recommendations or as evaluations.

Technical Issues (Recommendations/Evaluations) — Geology and Geophysics

Develop borehole geophysics instrumentation (TAC-1).
Maintain concentration on granitic plutons (TAC-1).
Program document with current research plans required (TAC-1, 2, 4, 5).
Close coordination among geoscience groups needed (TAC-1, 2, 4, 5).
Expand research areas with more reconnaissance work (TAC-2).
Suggest critical review and selection of geophysical methods (TAC-2, 3, 4, 6).
Consider studies on gncissic rocks (TAC-4).
Commend advances in characterization and correlation of fracture systems (TAC-4).
High quality structural lithological mapping commended (TAC-5).
A site specific geosphere model is a reasonable approach (TAC-8).
Subsurface geophysical methods valuable (TAC-10).
High quality of instrumentation development noted (TAC-10).
Maintain emphasis on underground geophysical methods (TAC-11).

Technical Issues (Recommendations/Evaluations) - Hydroneology

Research plan document needed (TAC-1).
Expand hydrogeologic resources/personnel (TAC-1, 2).
Explore groundwater flow patterns on both local/regional scales (TAC-1).
Obtain data pre-construction of the URL (TAC-2).
Good research plans (TAC-2).
Expanded flow system studies needed (TAC-2).
Instrumentation development proceeding well (TAC-3).
Flow system study well conceived (TAC-3).
Pursue simulations of URL Field Results (TAC-4).
Location change for regional flow study supported (TAC-7).
Quality of hydrogeology program noted (TAC-7, 8, 9).
Excavation response modelling needs development (TAC-9).
Emphasis on regional recharge areas needed (TAC-10, 11).

Technical Issues (Recommendations/Evaluations) -- Geotechnical

Expand data base (TAC-1).
Expand instrumentation capabilities (TAC-1).
Large scale rock mass properties needed (TAC-2).
Expand rock mass modelling approaches (TAC-3).
URL Pre-construction experiments well conceived (TAC-3).
Continued development of methods to model URL rock mass response (TAC-4).
Plan for URL construction phase experiments needed (TAC-5).
Suggest extension of studies to large scale and jointed rock (TAC-6).
Investigate microcracking potential (TAC-6).
Geomechanical instrumentation development evaluated (TAC-7).
URL extension advantageous (TAC-7).
Extend research on time effects of rock response (TAC-11).
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Technical Issues (Recommendations/Evaluations) -- Geochemical

Expand studies on ground water - mineral interactions (TAC-1).
Suggest sorption studies more realistic (TAC-1).
Maintain studies on effect of colloids (TAC-2).
Sorption studies on alteration products commended (TAC-3).
Continue work on modelling complex sorption processes (TAC-4).
Rock matrix diffusion studies noted (TAC-4).
Support development of international data bases (TAC-4, 5, 11).
Continue large scale migration experiment (TAC-5, 10).
Support natural analog studies, interpret cautiously (TAC-5, 9).
Commend geochemical research quality (TAC-10).

Technical Issues (Recommendations/Evaluations) - Waste Immobilization/Engineered Barriers

Suggest more corrosion studies and special workshops (TAC-1, 2, 4).
Seek alternatives to glasses (TAC-1).
Re-assess casting technology (TAC-1).
Emphasize experiments with realistic vault conditions (TAC-2).
Noted good coordination between process and product development (TAC-2).
Radiolysis effects require study (TAC-3, 5).
Expanded work on buffers, rock sealing needed (TAC-3, 5, 6).
Support integrated cask development (TAC-4).
Suggest overall review of used fuel characterization (TAC-4).
Multi-component tests commended (TAC-4, 5).
Suggest full data compilation on container fabrication, testing, closure, inspection (TAC-5).
Consider immobilized fuel test facility essential (TAC-6).
Localized corrosion effects important (TAC-7).
Suggest emphasis on buffer-rock interface studies (TAC-7).
Commend progress in used fuel characterization (TAC-8).
Document basis for parameter values in vault model (TAC-8).
Termination of waste form development acceptable (TAC-9).
Maintain copper and titanium corrosion studies (TAC-7, 8, 9, 10, 11).
Commend grouting and scaling research progress (TAC-10).
Suggest re-cxamination aspects of (fuel) solubility model (TAC-11).

Technical Issues (Recommendations/Evaluations)- Biosphere

Consolidate/coordinate biological research (TAC-2).
Support doing field work at existing sites (TAC-2).
Emphasize deep groundwatcr age determination (TAC-2).
Not all potential pathways included (TAC-3).
Vegetation - radionuclide studies needed (TAC-3).
Atmospheric pathways analysis commended (TAC-4, 5).
Commend development of generic food chain model (TAC-4).
Canadian Shield conditions need emphasis (TAC-4, 5).
Biosphere model developing satisfactorily (TAC-6, 9).
Radionuclide transport in soil important (TAC-7).
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Technical Issues (Recommendations/Evaluations) -- Safety (Performance) Assessment

Approach setting regulatory criteria cautiously (TAC-1).
Iterative studies on assessment methodology commended (TAC-3, 5).
Ensure model and software reliability (TAC-2 to TAC-11).
Facilitate process of examining algorithm-code translation (TAC-4, 5).
Need to apply sensitivity analysis (TAC-4, 8).
Transitional processes considered (TAC-5).
International code comparisons useful (TAC-6).
Suggest greater emphasis on software quality assurance (TAC-7, 10, II).
Risk criteria exposition needed (TAC-7, 8).
Suggest carrying out uncertainty analysis (TAC-11).

6. TECHNICAL ISSUES •• PERSPECTIVE

Despite the appearance of a miscellany of issues in the retrospective listings above, TAC's current view
of the Canadian program is focusing on a few matters considered to be of major import. These will

^ be briefly listed, noting only that such a listing is not necessarily complete, and should have more
detailed explanation and reasoning than space permits here.

6.1 Geological Considerations

6.1.1 Site Characterization

AECL has recently (Dormuth et al., 1991) listed the gcotechnical factors considered important in
characterizing potential disposal sites as follows: tectonic and structural setting; nature of major
lithologies and contacts; properties and history of sealed fractures; properties and history of fluid-
filled fractures; properties and history of rock alteration, chemistry and mobility of fluids; fluid pressure
field; rock stress and thermal fields; nature of local topography; nature and distribution of soils; local
meteorology; surface water hydrology, and terrestrial and aquatic biology. Thus there appears to be
an interest centred on fractures and fracture properties, including thermomcchanical properties.

.. . 6.1.2 Current AECL approach in modelling^

v The Gcosphere Model used in the system assessment program SYVAC3 is a mathematical
representation of those geological characteristics of the site and those processes acting at the site which
arc believed to control transport of contaminants from the disposal vault to the biosphere over 10,000

- years. The conceptual model developed represents the understanding of the distribution of the
important hydrogcological units at the site. Currently it has been applied to the Whitcshcll Research
Area (WRA), which encompasses the URL, and takes into account convective, dispersive and diffusive
transport by groundwater flow using a three-dimensional finite-element approach. The resulting flow
equation is solved using AECL's MOTIF finite-clement code to predict the hydraulic head and
groundwatcr velocity distributions. These velocity distributions are then integrated as a function of time
using a particle-tracking algorithm to obtain the distribution of groundwater flow paths from the vault
to the biosphere as well as the associated travel times. This information is then used to produce
representative paths as well as the expected diffusion paths when convective flow is so low that the
process of diffusion dominates. A network of one-dimensional segments, each corresponding to a path,
is thus constructed, but in three-dimensional space. This simplified representation or abstraction is
known as GEONET and is the one actually implemented in the SYVAC3 code -- it is the SYVAC
Gcosphcre Model. GEONET calculates the mean groundwater velocity for each of its segments based
on the head distribution predicted by the MOTIF model. It also calculates the flow rate of
contaminants by solving the one-dimensional convcction-dispersion-rctardation equations for a



radionuclide decay chain by the analytical response function. Its application through SYVAC3 is made
in accordance with a central (or modified) scenario which includes parameter distributions for atl
features, events or processes considered important.

6.1.3 Technical issues of concern to TAC

1. It appears to TAC that AECL's underlying assumption made in the above geological
considerations and modelling is that rock, relatively unfractured and free of major fracture
zones, should be the major barrier. Further it is assumed that such suitable rock masses can
be found and characterized, and will remain essentially unchanged through the time period of
regulatory interest. The methodology is developed for a specific site. If the performance
assessment indicates that it cannot meet safety criteria, there would be a lack of reasonable
assurance that an adequate site with appropriate characteristics actually exists in the Canadian
Shield.

2. There is need to explicitly invoke a vault position in a regional recharge area as a necessary
site characteristic. Characterization of the distribution of groundwater flow or. a regional scale
is considered by TAC to be of primary importance. This strategy emphasizes application of
basic principles, criteria and techniques to reduce the risks associated with the inevitable
uncertainties in geological systems. This moves away from the apparent existing emphasis on
making accurate long-term predictions to meet regulatory criteria. This latter is beset by the
immense problems of obtaining enough data and knowledge of the geological systems to ensure
such accurate predictions.

3. Model validity is questionable on its assumptions as to topography, flow boundaries, extent of
porous medium characteristics, and permeability. Experimental testing of model validity is
extremely limited, although it does include the coupling of geomcchanical and hydrological
forces as seen through the (relatively) short-term measurements made during shaft sinking.

4. Long-term rock mass characterization with emphasis on coupled effects from chemical,
hydrological and heat forces as well as seismic and tectonic considerations needs emphasis.

5. Of specific import is the verification needed that the one-dimensional GEONET model and its
three-dimensional finite-clement MOTIF model are fully consistent. Validation of both models
with field data is required.

6.2 Performance Assessment Considerations

As noted above, the Canadian program is employing the concept of system variability analysis to
performance (environmental and safety) assessment applied through a computer program which, in its
current modification, is designated SYVAC3. Our technical concerns listed retrospectively lead to a
current perspective centred on two areas, model validation and software quality assurance.

6.2.1 Model Validation

Despite its widespread use, at issue here is probably the need to come to a full agreement as to what
model validation means, at least in terms of any high-level waste disposal concept. Possibly erring on
the simplistic, TAC has affirmed and continues to affirm the need for testing models, as mathematically
formulated or computer coded, against realistic conditions. The paradox of attempting this on the
geological time-scale has often been noted, since real system measurements offer relatively short-term
data. The importance of natural analogs has arisen in large part because of this. As far as models
of components of a disposal system are concerned, model validation should still be attempted.
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International code intercomparison activities have some virtue in verification of codes, but is not
rigorous verification. However, it does lead to working independently on the same or similar problem
or system, and hence has further value in examination of the conceptualization and even mathematical
formulation of the problem or system.

6.2.2. Software Quality Assurance

The technical issues here can be summarized as (1) use, where necessary through initial development,
of appropriate tools and procedures for software quality assurance, and (2) utilization of computer-
aided simulation environments. In TAC's view AECL, in recent years, has made progress in both
areas. A software development audit trail has been initiated, and many of the very basic software tools
are being examined and/or used. The latter include software management tools, and tools used in code
generation and testing. Systematic usage of such tools needs to be implemented, and continual
examination made of the advances in the field. Code verification through code inspection as well as
code testing is being planned in detail and involves cooperative work with the United States
Department of Energy. TAC itself is carrying out iuiepcndently some limited code verification through
code inspection of several sections of the SYVAC. For such complex codes the issue remains of
providing the fullest assurance possible of an error-free code. A perspective on this issue is
exemplified by continuing contributions to this area of code reliability (e.g. Oren and Shcng, 1990;
Sheng and Oren, 1991).

6.3 Other Considerations

We add here four additional technical issues that from a current perspective are important in our
consideration of the Canadian program. There is no order of importance intended nor should our
listing be deemed complete.

6.3.1 Natural Analogs

The important Cigar Lake uranium deposit in Canada is an example where all possible factors must
be examined and conclusions drawn, but slowly and with extreme care. We consider that
hydrogcological factors need to be better understood before conclusions can be drawn with reasonable
certitude.

6.3.2 Engineered Barriers

The importance of such coupled processes as container corrosion and radiolysis effects has generated
careful study. Such processes remain an issue in terms of both a container failure model and a
transport model for radionuclidc migration through buffer and backfill. A clear understanding of
potential processes generating gases, especially hydrogen, needs to be gained.

6.3.3. Radionuclide Sorption

The technical issue relating to sorpticn processes arising in rock-water interactions appears to hinge on
the degree to which existing sorption coefficient data arc applicable to realistic vault and gcosphcrc
conditions. Of importance here is the effect of redox potential, and of possible contaminants arising
from vault construction and operation including organic carbon sources in buffer and backfill. There
is also need for more empirical data on some actinides and a better understanding of the sorptivc
behavior of radionuclides of iodine, carbon and technelium.
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6.3.4 Colloid Formation

Hie potential for radiocolloids to enhance radionuclide mobility is an acceptable premise. The technical
issue arises from the lack of knowledge on concentrations and compositions of natural colloids, their
transport in fractured rock and their sorptive properties for radionuclides.

7. TECHNICAL ISSUES - PROSPECTIVE

From the current perspective of technical issues, even estimating the future or prospective issues on
a short-term horizon is somewhat speculative. Nonetheless a limited agenda for tomorrow can be
suggested, with most items clearly possessing current issues as antecedent. The listing below, with
barely more than a title, is proposed more as suggestions for discussion and examination than as
completely definitive. The order in which these technical issues appear reflect the authors'
consideration of prospective importance proceeding from most to least important.

7.1 Conceptual Hydrogeologv

A locus on regional scale hydrogeology with an emphasis on recharge areas as potential vault sues will
reflect an effort to stress basic principles and criteria. The need to advance the modelling and
validation of hydrogeological systems is clear, the objective to reduce the uncertainties of knowledge
of systems and processes should remain paramount.

7.2 Software Quality Assurance

Advances in the science and practices of system simulation should be used to re Tine continually all
aspects of code verification.

7.3 Data Base Utilization
The degree to which both thermodynamic and sorption data bases are adequate and utilized will remain
.i technical issue. Empirical correlations and simplifications will require expanded justification if they
are to be employed in a credible way. The importance of knowing more of the kinetics of sorption
processes should replace the importance attached to steady-state measurements and their defining
coefficients.

7.4 Natural Analogs

Highly critical examination of the characteristics selected in the study and analysis of natural analogs
should continue. These become the assumptions for the comparison with the behaviour of a real
disposal system and thus set the limits for the application of the analog.

7.5 Coupled Processes Revisited

The multi-disciplinary research requirement for advancing the understanding of the coupled processes
involved in a nuclear waste disposal system remains a challenge to any program. A new counterpart
to the WS5 international symposium (Tsang, 1987) on this topic would be most valuable, especially
in relation lo processes that may be significant on the longer time frames utilized in waste disposal
concepts.

7.6 Uncertainty Analysis Revisited

Uncertainties related lo ihc understanding of geological systems and processes will continue to be a
central issue. As in recent years, the prospect for coming years will centre both on spatial variability
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in geologic parameters and on conceptual model uncertainties relative to configuration, major features
and boundary conditions. The focus set for the 1987 conference (Buxton. 1989), that is, on
groundwater flow and radionuclide traasport modelling should remain.

7.7 Critical Aspects of Engineered Barriers

In further development of a vault model, issues will continue to range from container corrosion (the
convincing translation of mechanism into a container failure model), to buffer stability and backfill
properties. Sorption process and the propensity for radiocolloid transport should retain some emphasis.
A re-examination of possible microbiological effects will have to be made.

7.8 Surge, Surprise and Response
The emergence of a new factor, feature or process as well as the advent of new concerns arising from
better or more thoughtful analysis of the known will undoubtedly occur. The surge into prominence
in the ranks of technical issues need not surprise if the response is more thoughtful effort

1
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Technical review, what are the lessons
learned and how do we improve?

General discussion led by a panel consisting of:

Antti Vuorinen, Director General STUK, Finland (Chair)

Sten Bjurström, President SKB, Sweden

Don Deere, Chairman NWTRB, USA

Jean-Pierre Olivier, Director OECD/NEA

The Chairman, Antti Vuorinen, gave the members of the panel five to ten minutes

each to introduce important points in connection with the theme set for the

discussion of the day.

Sten Bjurström, president of SKB was called upon as the first speaker.

Agreeing with the points put forward by Per-Eric Ahlström, SKB, in his presen-
tation earlier during the day Sten Bjurström found that "it is obvious that we could
not be without reviewing". He considered reviews to be "necessary for the political
decision-making process for this kind of controversial issue ... an efficient tool to
enhance quality, priorities and efficiency of carrying out the work and of course in
the process of building confidence ... from the general public, from the decision
makers in politics and also from the scientific community". He added that
reviewing has also led to deeper international cooperation. He continued by saying
that SKB considers the reviews as steps in the long R&D-work giving SKB "signs
of progress" and society an opportunity to check "if we are doing correct work".

Discussing the review work done by different organizations he was somewhat
critical and agreed with Per-Eric Ahlström that the quality of the work varies quite a
lot. "I think one of the reasons for this is that the bases for the review are not very
well defined", he said. The consequence of this, according to Sten Bjurström, is
that different« rganizations, especially within the scientific community, "pick up
what they i.'iink is important". International review teams are usually doing a more
balanced review, as they consist of a panel with the ability to relate what they are
studying to other things. Preparing itself for the next review, he considered it to be
a very important task for SKN to better define the tasks of the different reviewing
organizations in order to get an integrated view of the programme presented, and to
acknowledge what has already been achieved, not only what remains to be done.

Sten Bjurström also said that "theoretically we in Sweden could just sit down ...
looking on the long lived waste with the system we have". But this could lead to a
"zero-alternative". SKB has come to the conclusion that there is much more to be
gained by working hard on disposal concepts based on achieved common,
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recognized scientific knowledge, and at the same time to be open for new ideas. He
also underlined that "with the situation we have in Sweden with an interim storage,
we certainly have the technical possibility to make any change up to very late in the
process".

Sten Bjurström concluded by referring to an opinion expressed by Lars
Gyllensten, M.D. and former Secretary of the Swedish Academy: "More research
is of course necessary but the requirements for more research can not be accepted
as an excuse to defer what we already today can and ought to do.... If we should
put the same demands on safety in our daily life, we would neither dare to eat a
normal dinner nor cross the street."

The next speaker was Dr Don Deere, Chairman of Nuclear Waste Technical

Review Board. USA.

Don Deere started by describing how and why NWTRB was created by the
Congress in late 1987 (the first appointments were made by president Reagan in
early 19X9). Congress wanted the Department of Energy's (DOE) work with the
nuclear waste management programme to be permanently overviewed by some
body outside DOE. One reason was that Congress wanted to make sure that the
results of the technical and scientific work presented to Congress and its
committees really are vaiid and scientifically strong.

The NWTRB has two official audiences for its reports which are containing
recommendations to DOE: Congress and the Secretary of Energy (DOE). There-
fore, the recommendations and the reports should be made in a non-technical

^ s language. Don Deere described how NWTRB, in order to meet these demands, had
v hired a former professor of English as editor of the reports, a liaison to Congress,

an external affairs officer, and a librarian. This means, he said, that "we have a

K professional staff supporting our work in addition to the professional staff who are
scientists and engineers," and he concluded, "this has helped our work perhaps to
succeed a little bit better."

Don Deere also commented on the questions "What have we learned? How are
our reports received?". His answer was that "it sort of depends on the time period
and on the particular person who is judging how effective the report was".

I le explained his answer by pointing out that the first report to a large extent was
based on public hearings. The questions asked by Board members during these
hearings to DOE were applauded both by other government agencies, by the
technical and non-technical press and by other interested people, including the ones
who were in opposition of the programme - such as representatives from the State
of Nevada.

In later reports NWTRB has found reasons to approve of some moves that DOE
has made. This has "made them (DOE) very happy, but then it did not particularly
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make some of those who were in opposition very happy that we had approved of
something".

He then pointed out that the US is the only country yet to have selected a site
saying: "You people are going to have a lot of things different in a few years, when
you have selected a site. That is when you really get reviewed!"

Don Deere's conclusion was: "So the lessons we have learned are that there are
different audiences out there. That there are more than the two official audiences:
Congress and the Secretary of Energy. There is a public out there. There are rate
payers. There are rate payers organizations. And there are the State of Nevada and
other groups that are concerned. Therefore we have tried to make our reports as
clear as possible and make sure that statements that are there are truly the statements
that we want to be there. Because we do know that there are people that, the first
day our report comes out. take a red pencil and highlight every statement. Different
groups are highlighting different statements. And these statements will come back
to be answered through the press.... So we have learned that... we must be much
more careful with our wording. If not, you can say the same thing, one will make a
headline, and the other will not. It does not effect your technical review. You
simply have to realize that there are different opinions and you still have to do your
scientific work and see that DOE is doing their work in a way that our group jointly
feels as a correct way."

The Chairman called upon the next speaker: DrJean -Pierre Olivier, OECD/NEA.

Jean-Pierre Olivier started by saying that he thought that the questions being dealt

«*;, with during the symposium are international and continued: "When I entered into
v the field (radioactive waste management) some twenty years ago or more, I was

younger and I was relatively impatient and I was feeling that progress was not

coming up as quickly as I would like. But now ... I realise that we have done a lot

and the progress has been absolutely tremendous in the last fifteen years". He

continued saying that OECD/NEA has been "deeply involved in following this

progress and the state of the art. In one sense it is a kind of on-going critical review

on all aspects of radioactive waste disposal; whether they are on safety or

technology. On top of it I think we try also to discuss what we call policies in this

field and there is a continuing confrontation of ideas, continuing confrontation of

policies at the international level."

He went on saying that OECD/NEA has the state of art reviewed and published

in many reference documents. These documents form the basis for experts from

different disiplines when they do specific reviews like the one the agency did for

SKN on the SKB R&D-Programme X6. This is "some kind of a QA-process (QA

= quality assurance) which exists at international level also within the IAEA and the

CEC... I think we arc reasonably up to date with the technical developments".



Referring to the title of the symposium, Jean-Pierre Olivier said that he was
quite happy about it because he realized more than ever that perhaps .he whole
purpose of review work is to make decisions. "And decisions particularly for the
implementations of programmes in the various countries with nuclear energy
activities. Maybe it is too early to talk about implementation today, but we are
preparing for implementation and we have to keep that in mind. Particularly also
because radioactive waste management is an area where a great deal of judgement is
needed at every step and this makes the whole decision making process difficult.
You have to have sound technical bases of course. You have to have a good
overview of all technical aspects, put them together into something which is finally
coherent, and on top of that you have to consider aspects which have nothing to do
with science and technology."

Introducing the subject of alternatives, Jean-Pierre Olivier said that "in principle,
we should try to keep al! our options open until we are in a good position to select
one of them on the basis of reasonable arguments." Using the option of sub-seabed
disposal as an example he said that ten years ago this alternative was mentioned in
practically all international programmes. A few years ago this option was aban-
doned by NEA - and not for technical reasons. The reason why it was rejected, he
said, was that "it is not politically acceptable today. It may be later on. Nobody
knows. But it shows to some extent the limits of technical reviews done in a
relatively objective situation and with a lot of input from international scientists, for
instance oceanographers who have nothing to do with nuclear energy alternatives".

As a last point he took up the usefulness of peer reviews. This has contributed
to the fact that "the opponents and the nuclear indusoy use practically the same
reference today. They use the same material to justify their case and the dialogue
becomes a lot easier when everybody can refer to the same technical basis. ... I
think gradually everybody is going to converge into something which is going to
be reasonable". He also added that the situation today is such that no new subject
or new topic can escape attention. It will be taken up by a large group of people and
will be discussed at international level.

The Chairman invited the participants of the symposium to bring up interesting

issues for discussion.

Hans Forsström, SKB, said that he thought that it would be of interest to discuss:
"is it possible for a technical review committee to come to the conclusion that iiow
we have done enough, now it is time to take the step from looking at more and
more to doing things. Or will it be necessary to get some kind of other 'society
input' in'o such a recommendation?"

Don Deere, NWTRB, commented that the question has been raised in NWTRB

reports, primarily by their panel on performance assessment. Doing performance
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assessment, he said, you often find a deficiency. It can also help you to decide
whether a specific uncertainty is small enough to be acceptable. "We just cannot
keep asking but we must get to a point", he said, "where we find that more
information is not necessarily going to be helpful and they (the researchers) should
concentrate or. other issues."

Sten Bjurström, SKB called attention to the ongoing work with the English
Channel project, where Don Deere is a consultant. Sten Bjurström argued that if the
responsible managers of that project had not taken the position that upcoming
difficulties were to be solved during the execution of the project, the whole project
could never have started.

Jean-Pierre Olivier, OECD/NEA, rephrased Hans Forsstrom's question into: "How

do you set priorities in your research work?" He stressed the importance of safety

assessment as a tool to decide whether it is worth continuing research in a specific

area or if you should rather put "your money in other things that are more important

for the safety stand point".

Les Shemilt, TAC, mentioned some examples from the Canadian research where,
as he saw it, the TAC had gradually influenced the programme by expressing
critical views on certain issues. The TAC had consciously chosen not to say "stop
this activity" but had tried to suggest priorities and the reasons for such opinions.
In retrospect, one could say that the TAC should have been "much firmer in our
negative views".

Nils Rydell, SKN, said that "if we are going to drop a subject there must be a good

rationale for that" and suggested that if SKB, based on for example performance

assessment work, finds that the knowledge on some particular branch is sufficient,

SKB should propose that it be dropped. "We can take the initiative as well", Nils

Rydell said, "but it will be awkward if we say that you can drop this kind of

research and you yourself thought that it was not warranted."

Per-Eric Ahlström, SKB, referred to the "Collective opinion" document on safety
assessment that was worked out some months ago by international experts (NEA
and IAEA). According to this document, Per-Eric Ahlström said, "there is now
methodology available really to assess the safety of a repository for a specific site".
He added that "one of the conclusions from the recently completed SKI-Project 90
was that in order to really assess specific sites it is important to have site specific
data because all problems do not occur on all sites." Therefore in the 9()'s, he
concluded, in order for SKB to make progress it will be important to really start to
investigate particular sites "because there we have real data on the site and there we
can judge which are the important problems and which are the not so important
problems".
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Lars Högberg, SKI, noted that a very common theme of the discussion is "when
do we have enough data or enough good models and when can we close issues and
come to decisions, and come to action?" In a strictly scientific manner, Lars
Högberg said, very few of these issues can ever be closed. "So we have to accept
some remaining uncertainties and evaluate them. And this is a very important part
of the decision making process. ... Because we all know that the so called zero
alternative, just keeping the spent fuel in the intermediate storage ... is a less
satisfactory long term alternative than to put it in some sort of final disposal". So,
according to Lars Högberg, part of the decision making process is to decide when
the uncertainties about the performance of the final repository is "evaluated as
smaller than the uncertainties about the stability of society being able to manage the
intermediate storage of the spent fuel."

Lars Högberg also urged SKN to "not review so much the scientific basis".
This should be left to expert authorities such as SKI and SSI. SKN should instead
regard it as its "prime responsibility to look at the decision-making process, the
decision-making strategies".

(This part of Lars Hogberg's contribution was commented on by Olof
Söderberg, SKN, during the second panel discussion, day 2.)

Kjell Håkansson, AE Projekt AB, said he thought that some of the confusion may
come from the ambition to reach an optimal solution rather than a satisfactory
solution. According to him "the review authorities should deal with setting up
criteria and really do that seriously and come to a final stand on it. ... You can have
several systems and compare them. The important thing is that they offer a
satisfactory solution in relation to the criteria." He stressed the importance of
working on technical development during this process, because such work can
improve technical solutions and/or result in better economics. All this should be
weighed into the proposed solution before a decision is taken. But once this
decision is taken, with its economic implications, then one should sort out some of
the activities.

Jean-Pierre Olivier, OECD/NEA, referred to the document "A Collective Opinion",
which he characterized as "perhaps the cream of the work which has been done the
last ten years or so in safety assessment". The message in this document is, he
stressed that "today we have the tools to make relatively good performance assess-
ment work. What we are looking for is essentially data from specific sites and
specific facilities to carry out pretty good safety studies". The fundamental question
is, he said, "are we able to assess a long term often thousand years? I think we are
able to do that. We have the methods to do that. What we need are specific cases to
study and apply these tools to."

Don Deere, NWTRB, underlined that one lesson NWTRB had learned is, that the

recommendations given by the NWTRB are taken seriously by DOE and that the



answers to those recommendations cost a lot of effort and, as a result, also money.
"So one has to be careful that when we go out with recommendations we have
some priority on these recommendations."

Sten Bjurström, SKB, returned to the earlier discussion on how review work can
be of help to find the practical solution for the nuclear waste problem, and on the
question of when to stop some of the research. He felt that "it is absolutely
necessary for the review boards to illustrate the state of the art, to show people that
there are very good possibilities to go on with a lot of things" and at the same time
"of course look for what is left, what can be improved and to do the priorities you
are talking about". Otherwise, he said, he was afraid that the quality of the research
work would go down.

Antti Vuorinen, summing up the discussion as Chairman, concluded that the
situation today is very different from what it was fifteen years ago when a very
small group of engineers and economists made very far reaching decisions on the
basis of good engineering and economic attachment. Today, he said, "everybody
likes to participate in decision making and everybody has his own interests and it is
impossible to find a solution which will satisfy everybody." Pointing out that even
though during the discussion no one had questioned the need for technical reviews
he warned about the danger of an endless process due to demands for optimization.
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The role of technical review in society
- a multinational perspective

J.-P. Olivier, OECD/NEA, France
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THE ROLE OF TECHNICAL REVIEW IN SOCIETY
A MULTINATIONAL PERSPECTIVE

J.-P. OLIVIER
OECD Nuclear Energy Agency

Paris, France

On a sensitive subject like radioactive waste management, it is essential that the basic
principles underlying policies and practices in this field are clearly established and kept in mind
in the discussion between the various parties concerned in order to set the scene for the adoption
and implementation of a disposal programme which is soundly based technically and likely to
enjoy the support of a large majority of people. Today, geological disposal is widely recognised
as the only practical method which can be implemented safely with current technology.
Accordingly, most research activities focus on specific aspects of the concept such as the detailed
characterisation of potential sites or matters related to safety assessment, and aim at optimised
technical designs rather than at the generic evaluation of the concept. It is also recognised at
international level, at least among those specialists and managers who have the task to offer
practical disposal solutions for implementation in the first few decades of the next century, that
there is no real alternative to geological disposal for high-level waste and spent fuel and that, for
example, the separation and transmutation of actinides will have to remain for some time an
interesting long-term research subject.

On this basis, which represents a fair degree of consensus in the international specialised
community, what is the role of peer reviews in society, particularly multinational ones? I see
essentially two main roles which I will develop after indicating how we usually proceed at
international level when we are requested to make such a review: first, a relatively straightforward
role consisting in an independent technical appraisal on behalf of a national body, usually
representing the government of a country; and, second, a relatively indirect impact which is
complementary to the first role and which consists in enhancing the credibility of national plans
or programmes at the level of political authorities and the public opinion. I should add at this
stage that the first role of peer reviews is in general the only official one, as it deals almost
exclusively with technical and scientific issues which can be treated relatively objectively, with
reference to a scientific basis already well developed at international level. Enhancing credibility
and influencing public attitudes may indirectly result from the conclusions of an independent
technical appraisal, but this second role cannot be anticipated nor formulated specifically as a
major objective.

SCOPE OF TECHNICAL REVIEWS

Technical reviews on radioactive waste management which have been carried out so far
at international level by intergovernmental organisations, were made on an ad hoc basis in
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response to specific requests from official bodies in Member countries. This was the case notably
for the CEC, the IAEA and the NEA on a number of occasions in the past. The objective was,
in general, to obtain a reliable, independent, review of a given national R&D programme on waste
disposal, or of a detailed safety assessment incorporating complex scientific calculations, in order
to ensure that the specific R&D plan or safety assessment were well conceived, put the correct
focus on important issues, corresponded to the current state-of-the-art at international level and,
in general, did not contain any major deficiency or gap.

From the viewpoint of a country requesting such a service, international peer reviews have
the potential advantage of bringing together a broader range of scientific expertise and
professional experience than the ones which may exist at national level. The diversity of

^ educational and cultural backgrounds and national positions which is typical of international
" reviews contributes to strenghten the value of such exercises. In addition, experts carrying out

the reviews have no direct links or vested interest in the activity to be reviewed. International
peer reviews may, therefore, result in an authoritative opinion, carrying the weight of the
international scientific community. In addition to a purely technical evaluation of scientific matters
by competent experts, a related objective may be the usefulness of the results of the critical
review at the decision making level. Sometimes, a review may reveal certains aspects which are
not exclusively technical, such as those concerned with the practical implementation of an R&D
plan. Comments may be made on the efforts required and the chances of success at a given
level of funding. These may not be the most important issues for the scientists involved in
specific research work, but such opinions may be of high interest to programme managers and
bodies like SKN in Sweden, who have overall responsibilities at national level.

Based on my own experience at NEA where I was personally involved in about half a
, - dozen reviews, I note that there is often a main message to be delivered at the end of the review,

%, notably with regard to the overall balance and coherence of the programme or assessment
v concerned - whether it is generally good or not - and a series of secondary comments, usually

specific and designed more as suggestions for technical improvements than fundamental
criticisms. It should be remarked in this context that, contrary perhaps to established review
groups at national level, international peer reviews are ad hoc and limited in time and resources.
They may not therefore be as specific and detailed as those done by standing national groups
which can follow subsequent progress and have a continuing overview function.

Within this broad background, the scope of each review has to be defined by the country
or national organisation at the origin of the request, and has to be agreed with the international
agency in charge of the review, together with the review procedures to be used.

CONDUCT OF MULTINATIONAL REVIEWS

There are a number of key procedures that have to be followed for a critical review to be
made objectively, and with a satisfactory level of competence. The main ones include:

1- Availability of good technical documentation well before the actual review. This condition
which is also valid for national reviews, appears particularly significant in the case of
international ones as the experts who will conduct a review may not have a prior detailed
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knowledge of the specific situation in the country concerned and they need to prepare
themselves for latter discussions with the authors of the R&D plan or the safety studies,
as the case may be. The composition of the material to be submitted to the reviewers
cannot be defined a priori but should include, in general, a basic document describing the
matter to be reviewed in enough detail together with the necessary supporting technical
and scientific publications and the relevant references. One comment which was made
during an NEA review was that the R&D programme covered was relatively good and
comprehensive, while the material which described it could have been more extensive.
Hence, the importance of proper documentation. A further complication may be the
language and we have actually experienced delays in translation into English which show
that this aspect should not be neglected when planning for an international review.

Selection of a competent review team. Such a review team may consist of some five to
eight experts specialised in various disciplines and fully aware of the state-of-the-art in
their respective fields. For NEA reviews, they were selected on the basis of their own
reputation, but also with some consideration of the state of advancement of the national
programmes in which they were involved. One obvious selection criterion was the types
of host rock they have been working on so far. However, we have sometimes managed
to hire the services of a specilist dealing with a rock type different from the one covered
in the review, in order to benefit from the judgement of an "outsider". Finally, at NEA, we
have always consulted the Chairman and Vice-Chairmen of our Radioactive Waste
Management Committee about the list of the proposed reviewers. We also inform the
country requesting the review as a matter of courtesy.

Direct discussion with national authorities and experts. In NEA reviews, this discussion
has now become standard practice and a visit to the country requesting the review is
systematically organised. A study of the documentation available is not considered
sufficient, notably since it may not be the most complete description of the situation to be
reviewed. During these discussions, not only the reviewers have the possibility to clarify
some of the questions they had previously in mind, but they can, also, depending on the
answers given and the reactions from their colleagues, readjust their own views and refine
their conclusions. Such discussions usually take place in an informal but challenging
atmosphere, sometimes prompting national experts to mention preliminary ideas or results
which they would have been reluctant to present in a more formal context. Visits enable
consultations with as many national experts as necessary within a minimum amount of
time and have proven particularly effective. From the reviewers viewpoint, this is also an
interesting experience as they can play the role of the devil's advocate and have to
convince themselves that the situation, the programme or the assessment to be evaluated
stands the test of expert criticism. If not, the reviewers have to say why they are not
satisfied.

There is today such an intense and systematic information exchange at international level
in the field of radioactive waste management that it would be unlikely to discover
completely new disposal concepts or major scientific issues on the occasion of peer
reviews, or serious flaws in national plans or assessments, or examples of situations
where the state-of-the-art knowledge is insufficiently taken into account. Actually, the
review teams also include representatives of the sponsoring international organisations
who can assist in bringing in some experience in this respect. To come back to a
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previous remark on the limitations of international peer reviews, notably with regard to
their ad hoc character and time constraints, I would consider that these limitations can be
largely compensated by the selection of a set of competent reviewers fully aware of the
international state-of-the-art in their respective disciplines, and by their ability to conduct
the critical review during the visit in such a way that all the relevant issues are raised and
answered.

4. Conclusions and reporting. An important step in the process consists for the reviewers
to reach agreement on the main conclusions of the review and possible suggestions they
may wish to make. As I have already mentioned, it is often desirable to state in general
terms the overall feeling of the reviewers with the relevant comments and justifications and
this is sometimes much debated. A few sentences may be enough to convey the main
message to the country asking for the review and the drafting of these few sentences may
not be easy. The political impact of a strongly worded conclusion may have to be
anticipated and the formulation of the results of a review requires particular attention.
However, my experience during NEA reviews is that suitable wording can always be
found, first to express the main views of the review team as clearly and accurately as
possible, and second to place these views in a proper context, minimizing the risk of the
conclusion being misquoted and used for purposes which were not intended.

The practice adopted during NEA reviews is the following. At the end of the visit, and after
deliberations within the review team, brief preliminary and oral conclusions are usually reported
to the national organisation which requested the review. National organisations are always
anxious to know the main conclusions as eariy as possible, particularly when these conclusions
can be relatively critical. A written report is then prepared within four to six weeks after full
agreement within the review team. The publication of the report is left to the discretion of national
organisations. Actually, the delivery of the report formally marks the end of the review, as
reviewers do not get involved directly in subsequent debates at national level.

THE TECHNICAL APPRAISAL ROLE OF PEER REVIEWS

As mentioned above, international peer reviews consist mainly in carrying out a technical
appraisal on behalf of a national organisation. Their scopes may differ widely, but in essence,
a review always requires a detailed objective assessment based mainly on technical and scientific
considerations. To carry out their task, the experts have at their disposal the bulk of information
on all aspects of waste management, which is continuously reviewed by international
organisations active in the field, notably CEC, NEA and the IAEA. !• is therefore a relatively
straightforward process to check if the national work corresponds to the international state-of-the-
art in the various disciplines concerned and this is usually the case. What is often more difficult
is to consider whether an R&O programme, such as the one run by SKB and supervised by SKN,
in Sweden, contains all the necessary elements. Due to limitations in resources, choices have
to be made and the options to be selected require a great deal of judgement. Alternatively, we
have had difficulty sometimes to understand why given research items were included in national
programmes when we knew they had been investigated elsewhere and finally dropped as being
unimportant, particularly from a safety viewpoint. Specific circumstances or interests sometimes
prevail in adding topics which may not be retained in usual situations. While we see nothing
wrong with this, we may feel it appropriate to state our own views on such matters. Actually,
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useful guidance on priority topics is provided by detailed safety assessments done in many
countries. Uncertainty and sensitivity analyses do help in identifying those areas where more
research is desirable.

As a conclusion, technical reviews mostly concern relatively objective judgements on
technical and managerial issues and may help a national organisation in getting a "neutral"
opinion which may support his own one. In a field as complex as waste management it may be
a significant advantage to rely on such independent technical assessments. This main role of
technical peer reviews as independant advice may not, however, provide answers to all the
questions which can confront a national authority or a licensing body. I have in mind a
particularly "hot" problem which is partly technical, partly social and political: the selection of a
disposal site. As far as generic site selection criteria are concerned, scientists can agree on
reasonable lists of key features which have to be checked and we all know them: hydrology,
structural and tectonic stability, geochemistry, depth, etc. But a rational screening process based
on such technical criteria and safety studies very rarely ends up with a unique choice. Because
of the inherent uncertainties in the safety assessment process, it may not be possible to rank
several potentially suitable sites according to their relative safety. Since safety per se may not
be a decisive factor, an international review would probably not be in a position to make a
recommendation in favour of one or another site. The choice between potentially suitable sites
would have to be made on a different basis, using criteria of some importance at national level,
such as the level of employment in the areas concerned or aesthetics. Critical international
reviews seem to be best suited, therefore, to truly factual and objective assessments of scientific
matters, excluding as far as possible subjective elements for which real and unchallengeable
expertise may be difficult to find.

THE POSSIBLE INDIRECT IMPACT OF PEER REVIEWS

In the public opinion and political decision-making context typical of environmental
protection matters in general and radioactive waste management in particular, it seems important
to set the scene clearly and unambiguously at the outset and try to define safety and technical
objectives with due regard to other broader considerations of a social, moral or ethical nature.
Once this is done and once technical regulatory requirements have been set up on this basis,
there should, in principle, be no reason to challenge a disposal concept from a moral and ethical
standpoint precisely since its intended purpose is to protect future generations adequately up to
hundreds of thousands or millions of years when the risk becomes trivial. We all know that there
is a complex problem of understanding and communication in this respect, exacerbated on one
side by the tendency of scientists to make everything rational, even when they work at the limits
of scientific knowledge, and on the other side by the more philosophical attitude of those
concerned mainly by social, moral and ethical issues who have some difficulty in reconciling their
views with the need to take decisions in our technological world and to accept some finite residual
risks as a counterpart of the benefits.

This is no doubt an oversimplified analysis of the public acceptance problem but it may
help to understand to a certain extent what could be another contribution of international peer
reviews in society today: enhancing the credibility of, and confidence in national plans and
programmes and, as a result, facilitating the decision-making process and the implementation of
national waste disposal systems. The main factor would be psychological and be related to the
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facts that other countries do have similar plans and R&D programmes, and that there is
consensus at international level on the approach to safety and other issues. For example, the
fact that the competent bodies of three international agencies - the NEA which took the initiative,
the IAEA and the CEC - have agreed to publish a "collective opinion" on the availability and
suitability of long-term safety assessment methods, might influence the perception of the problem
at national level. After the publication of this International Collective Opinion, the question should
no longer be: Can long-term safety be evaluated?" since it was answered in a relatively positive
way, but rather "Has long-term safety of this specific project been properly assessed?" taking into
account the international state-of-the-art in this field. Such progress in our ability to judge long-
term safety from a technical and scientific perspective should receive a certain attention as it
represents the emergence of a maturing safety culture in this field. It should be quoted in future
peer reviews, as well as other achievements or consensus statements at international level, first
because they are important on their own, and second because they may become increasingly
recognised outside the small world of specialists and influence the judgement of political decision-
makers and the public in the direction of greater confidence and realism.

In order to have such a positive psychological impact, international peer reviews should
rely heavily on the results of international co-operation and be conducted according to clearly
defined procedures, leading to the publication of well-documented conclusions. Hopefully, we
have done this in the last few years, notably when NEA reviewed the SKB R&D programme on
behalf of SKN, in 1987. Maybe we will hear during this meeting comments about the usefulness
of this and similar reviews from the point of view of the national authorities, both with regard to
technical matters and in a broad political perspective.

OTHER REMARKS

I have already mentioned the importance of international co-operation in the context of
peer reviews and notably the fact that it provides a useful reference and comparison means to
judge the level of national activities. More generally, I would like to stress the role of international
co-operation on its own in promoting an open and objective debate on all aspects of radioactive
management whether they are technical or philosophical. Indeed the first consideration behind
geological disposal is philosophical and moral and is the subject of a consensus view that has
emerged over the last two decades on this concept: we must protect both present and far future
generations from unacceptable radiation risks from radioactive waste for as long as necessary
and avoid imposing any other significant constraint on future societies. In particular we should
not rely on man for the long-term maintenance and safety of disposal systems which should
therefore be essentially passive. Geological disposal appeared to be the best possible answer,
all considerations being taken into account, and was investigated to such an extent at the
technical level that the original philosophical concern was partly forgotten. It is perhaps
necessary to recall this fact in an international context from time to time.

Another aspect of international co-operation is that it leads inevitably to a confrontation
of very different views and concerns debated by regulatory authorities, radiation protection
experts, waste treatment specialists and agencies responsible for environmental protection or the
implementation of practical disposal solutions. Countries having different attitudes towards
nuclear energy participate in the discussions which therefore result, in general, in relatively neutral
and objective viewpoints where positive and negative comments are always expressed with a



great deal of caution. To some extent, international co-operation at the level of intergovernmental
organisations offers the advantage of a critically reviewed process leading, de facto, to quality
assured results. In this respect, a parallel could be drawn with economic reviews performed by
the OECD and regarded as a reliable source of information by Member countries of the
Organisation.

One of the main functions of international organisations is to make the results of their work
widely known, in order to promote broad information and technology transfers. In the nuclear field
a large flow of information from CEC, IAEA and NEA activities reaches government bodies In
most countries, particularly on radioactive waste management. Part of it may escape the
attention of decision-makers and political anthorities, but at least it exists and can be quoted when
there is a need to support a research plan or a decision to proceed with the implementation of
a waste disposal programme. Without mentioning specific references which can be found in the
specialised litterature, I would like to recall some major results of the international debate in our
field of interest:

a well-established basis exists to judge the radiological impact of radioactive waste
disposal. Compliance with regulatory criteria and standards, particularly with
regard to long-term situations, having a low probability, is a complex issue but
there is an emerging consensus at international level on how to proceed in
practice;

the design, construction and operation of underground facilities are activities of a
conventional nature which have been demonstrated on a full scale, notably at the
SFR and CLAB facilities in Sweden.

- advanced tools and assessment methods exist to evaluate the safety of
repositories as underlined in the recent International Collective Opinion published
by NEA. This covers notably predictive modelling of the long-term behaviour of
repositories, and the systematic identification and selection of scenarios which can
possibly affect the long-term safety of repositories, including consideration of
human actions which are now the subject of international attention;

a number of methods can also be used to improve confidence in the results of
safety studies, including the use of natural analogues and intercomparison
exercises which contribute to "validate" computer models used in safety
assessments, and the analysis of uncertainties and their quantification during the
various steps of performance assessment calculations;

sophisticated methods have been developed to evaluate the characteristics of
potential disposal sites, thanks in particular to international activities like the Stripa
Project which has just finished its research programme. We hope that continuing
progress will be made at international level in this key area, in order to obtain
reliable site-specific data for use in safety assessment and engineering design
activities;

further progress can be anticipated on every aspect of the problem as there are
at least two decades of R&D efforts planned before the implementation stage, with
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the objective to refine and optimize the existing national plans and be ready for the
implementation of disposal systems for high-level and long-lived waste in a few
decades from now.

I consider that it is unlikely in this context and given the schedule envisaged for the
implementation of disposal programmes that any significant issue will have been neglected, both
at the technical level and also with regard to non-technical aspects. I would recommend,
nevertheless, that we continue to show the same concern about the very long-term future, the
same level of ambition as far as safety is concerned and the same care in the gradual
implementation of radioactive waste disposal plans.

I would also suggest that we make our knowlege and experience available to other
environmental protection fields. It is important to society to distribute its resources according to
real needs and it is therefore essential that similar problems are treated on the basis of the same
technical, social and philosophical principles. During a Symposium which took place at the
initiative of the Swedish Radiation Protection Institute in Stockholm a few months ago, the topic
of hazardous waste management was widely debated, showing that we are still a long way away
from a coherent and harmonized control of wastes of different nature and origin. I would suggest
that it is in the interest of society to continue this debate and, on the basis of national efforts, peer
reviews and international co-operation, to move in the direction of global environmental protection
and waste disposal policies which integrate technical requirements defined on the basis of a
relatively harmonized and consistent approach for all types of hazardous waste.

As a conclusion, therefore, I would again stress the usefulness of peer reviews. Whether
ad hoc and formal, or institutionalized through permanent review groups at national level, or
international reviews of the state-of-the-art in different disciplines or intemational debates on basic
disposal objectives and strategies, they do contribute to increase confidence in the existing waste
disposal plans and to develop consensus on many aspects of the problem. The technical
community which must be in the heart of the debate should see such a critical process as means
to convey to decision-makers and society as a whole a series of messages:

on our ability to address properly the various issues involved in the management
of radioactive waste;

on the fact that such issues cannot be considered in isolation from other societal
problems, such as environmental protection in general and economic matters;

and, in general, on the need to integrate in decision-making technical and other
more qualitative and subjective elements in judgements which may be relatively
transparent and defensible for a majority of people, but always difficult to accept
for a minority which might feel more directly affected by the decisions taken.

It is largely a matter of time, education and psychology and a problem which faces society
in every country, whether on nuclear waste or other major challenge of modern life. In this
context, peer reviews will continue to appear as a necessary element of the democratic debate.
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Good morning ladies and gentlemen. Before I begin, I would like to thank Olof
Söderberg for the opportunity to be here today. I must say that when I scanned the final
agenda yesterday after my arrival, I felt that my high expectations for this symposium
were confirmed.

Before I get to the topic at hand, let me give you a little background on the
Nuclear Waste Technical Review Board.

[Overhead: 1]

The Board, of which I am Chairman, was established by the U.S. Congress in the Nuclear
Waste Policy Amendments Act of 1987. That is the same legislation that directed the
U.S. Department of Energy (DOE) to evaluate a site at Yucca Mountain, Nevada, to
determine its potential suitability for a repository to hold U.S. civilian spent fuel and
some high-level defense waste.

[Overhead: 2]

Our Board is charged with evaluating the technical and scientific validity of
nuclear waste disposal activities undertaken by the DOE, including

(1) site-characterization activities, and
(2) activities related to the packaging or transport of high-level radioactive waste
or spent nuclear fuel.

[Overhead: 3]

The Board has a full complement of 11 members, who are to be eminent in a
field of science or engineering, including environmental sciences, and who are selected
solely on the basis of distinguished service. The law stipulates that members shall
represent a broad range of scientific and engineering disciplines related to nuclear waste
management. Members are appointed by the President from a list of candidates
recommended by the National Academy of Sciences.

The Board is required to report its findings, conclusions, and recommendations to
the U.S. Congress and the Secretary of Energy at least twice a year.

As you can see, then, we are a very technical group. We have been asked to look
at very complicated technical issues, and to do this, we deal primarily with the scientific
and technical community. But, we report our findings and conclusions to the U.S.
Congress — the American public's elected representatives — and to the Secretary of
Energy.
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With that said, I now turn to the question I have been asked to address today:

[Overhead: 4]

do we, as reviewers communicate understandably with the public? This is not an easy
question. And we as a Board have wrestled with this question on and off during the past
two-and-a-half years.

[Overhead: 5]

Congress created the Board to provide an independent source of expert advice on
the scientific and technical aspects of the DOE's work. It is Congress that is making
many of the policy decisions related to radioactive waste management. Although the
purpose of our agency is to interact primarily with other governmental agencies and to
address primarily technical issues, it is our job to help Congress and the Secretary of
Energy make the best possible decisions.

Therefore, because of our congressional mandate, we have made every effort to
communicate not only with Congress but with the general public as well.

I believe that one of the prerequisites to good communication is openness. Since
its formation almost three years ago, the Board has maintained a high level of openness.
All of our technical meetings and activities are announced several weeks before they are
held and are open to the public.

In fact, over the past two plus years, we have worked hard to keep the public
informed of new developments at the Board. We contact newspapers and other
information sources to ensure widespread publicity for our activities.

^ [Overhead: 6]

Since start-up in March 1989, the Board has held more than 50 technical
meetings, which were, of course, open to the public. Although, less often, we have sought
out the public to ask their opinions on two issues: transportation and safety, and on the
environment. We have held four public hearings with presentations from more than 34
groups and numerous individuals. We have held press conferences and interviews with
journalists in the public media.

[Overhead: 7]

In addition to our many press releases, the Board has published three reports to
Congress and the Secretary of Energy and three newsletters on the Board and its
activities. As we speak, a fourth report is in production. Our reports are made readily
available.
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Well, you may say, the Board produces a lot of documents, but does it
communicate understandably?

[Overhead: 8]

I believe that our policy of openness has enhanced the Board's credibility. So, if being
credible in the eyes of both the technical and scientific community and the general public
is a way of measuring our ability to communicate, then I would have to say yes, we do
communicate understandably, and I think enhanced credibility has been the most tangible
benefit.

The issue of communicating with the technical and general public, however, raises
a number of questions. For example, what constitutes "effective communication" when
you are dealing with such a highly technical, emotionally charged issue as radioactive
waste disposal? And how can you effectively measure your "ability to communicate?"

Our reports clearly reflect our view that ongoing and understandable interaction
with the public is vital for the long-term success of the waste management program.

[Overhead: 9]

For example, in its First Report, the Board announced its intention to work with other
federal agencies to "clarify . . . how to characterize and evaluate the criteria so that the
reasons for deciding on [a site] can be understood in layperson's language." The Board
believes that the reasoning behind site-suitability decisions must be understandable to the
public.

I think it is safe to say that the international scientific and technical communities
pretty much agree that a deep geologic repository currently is the most acceptable option
for the disposal of spent fuel and high-level waste. In many of our programs, decades of
research and development have convinced the majority of scientists and engineers that
there are no technical reasons why we cannot successfully isolate radionuclides from the
accessible environment for thousands of years. But what does the public think?

[Overhead: 10]

Many people are skeptical of such claims. Almost all of our programs have
encountered public opposition to decisions, especially on siting issues. In the United
States, our current attempt at finding and characterizing a site again is meeting strong
public opposition. The U.S. Congress currently is considering legislation to preempt the
permitting process in the state of Nevada so that site-characterization activities can begin.
In Canada, siting difficulties contributed to a decoupling of the siting and research
programs in the early 1980s. In Germany, although a well-conceived program has made
much progress, recent developments, flamed by the accident at Chernobyl, have
threatened the construction of some waste management facilities and have caused some
people to call for a reevaluation of the program. Even in France, the country most



committed to nuclear energy, recent public outcry has halted exploratory drilling at
candidate repository sites.

I am convinced, for example, that some of the opposition to the U.S. program
results from our own scientific discussions with the Department of Energy's technical and
managerial staff. We express our concerns or disagree on certain points, and this is part
of having a good scientific and technical dialogue. Yet these concerns and disagreements
may sometimes cause public concern and even loss of confidence.

No matter how much, or how little, effort we have invested in public
communication and in encouraging public participation in our programs, we are all
experiencing some kind of opposition to some aspect of our respective programs. And
the implications of this opposition for future activities are not yet known.

Consequently, I personally believe it may be a bit too early to evaluate accurately
what is and what is not effective communication. I think all of us will gain more insight
in this area as we learn from our experiences and the experiences of others facing similar
issues.

[Overhead: 11]

However, to do our part, we in the technical community, especially those of us
who are acting in a review capacity, need to make the effort to explain and discuss
technical issues in a straightforward manner that the public can understand. In this way,
we fulfill our responsibility to assist the public and its elected representatives in making
well-informed decisions about radioactive waste disposal.

We as reviewers also must be aware of the nontechnical context within which
technical issues will ultimately be decided. Most important, all of us must be more aware
of the extent to which human emotions can and do influence decisions on controversial
issues.

Finally, if we are to retain credibility, we must continue to pursue our goals
thoughtfully and openly.

[Overhead: 12]

In the end, a successful radioactive waste disposal program must reflect scientific
and public consensus. To achieve that, we must all work together. The scientific and
technical community must endeavor to communicate with the public in language the
public can understand; (he public must do its part by contributing to the process in a
responsible and well-informed fashion. Only then will a lasting consensus be reached.

Thank you for your kind attention.
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Technical Reviews in Various Countries

Most countries with advanced research and development programs for nuclear
waste management have appointed some kind of technical review agency to evalu-
ate the scientific validity and acceptability of the proposed disposal technology or
site. Since most national programs focus on deep geological burial of an immobi-
lized waste form, the disciplines represented on these review agencies have been
roughly similar. In many cases, these review bodies are in addition to the regu-
latory agencies that have statutory authority to regulate and license all aspects of the
nuclear industry, including disposal facilities.

As well, international agencies have examined various aspects of nuclear waste
disposal and have expressed collective technical opinions or established joint
criteria for various aspects of disposal.

1.1 US

In the United States, there is a Nuclear Waste Technical Review Board, publishing
an annual report and reporting directly to the President. This board examines the
technical aspects of the U.S. high-level radioactive waste management program,
including plans for research and development. It will eventually make a recommen-
dation on the adequacy of the chosen disposal site, the U.S. Nuclear Regulatory
Commission also has authority over facility licensing.

1.2 Canada

In Canada, a Technical Advisory Committee has overseen the technical aspects of

the Canadian Nuclear Fuel Waste Management Program since its inception and

publishes a public annual report. More recently, with the establishment of an

Environmental Assessment Panel to review the concept of deep geological disposal

of nuclear fuel waste, a Scientific Review Group has been appointed to assist this
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Panel. This group will make a public report to the Panel before public hearings on

the disposal concept begin.

1.3 Switzerland

In Switzerland, a federal law required that the safety of waste disposal be
guaranteed as a prerequisite to future nuclear development. The industry waste
management cooperative, NAGRA, submitted its proposal for geologic disposal,
Project Gewaehr, for a complete review to the government and received a ruling in
1988 that the safety and feasibility of final disposal had been proven for all waste
categories.

1.4 Germany

Germany has two technical review bodies, both part of the structure of the federal
government: the Bundesministerium fuer Umwelt, Naturschutz und Reactor-
sicherheit, and the Bundesamt fuer Strahlenschutz, which has recently assumed
responsibility for construction and operation of installations for the long-term
storage and disposal of nuclear waste. Since all proposed disposal sites are in
Lower Saxony, the state authorities for that state also can exercise approvals for
construction, licensing and operation of disposal facilities.

AN 1.5 Sweden

1
Sweden is one of a relatively small number of countries that has already completed
a technical review of the disposal technology for high-level waste, and has received
approval for that technology. In response to a federal law requiring that before four
new reactors could be started, the owners of the reactors were required to prove
that the waste they produce could be safely disposed of. This was accomplished
through review of the KBS reports by the government. The Swedish Nuclear
Power Inspectorate (SKI) and the National Institute for Radiation Protection (SSI)
have responsibility for studying and assessing the nuclear safety and radiation
protection aspects of proposed waste management processes and facilities.

1.6 Belgium

The Belgian waste management authority, ONDRAF/NIRAS, has submitted an
interim report on the safety and feasibility of high-level radioactive waste disposal
in clay (SAFIR) to the national regulatory authorities for technical review.
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1.7 France

In France, a special group of experts has been established to assist the Central

Service for the Safety of Nuclear Installations. As well, leading scientists are

represented on the Higher Council for Nuclear Safety and Information, which

receives regular reports from the ministers of the national government on radio-

active waste management studies.

1.8 International

The IAEA has long had an active role in technical review of general plans for
disposal of radioactive waste, and a rather more specific role in developing the
criteria for transportation containers for radioactive materials, and developing
technical guidelines for waste disposal site identification.

The NEA of the OECD has likewise had a number of working groups on
various aspects of waste disposal, and recently produced a joint opinion on the
availability of adequate means to evaluate the long-term environmental impacts of
proposed waste disposal systems.

A joint NEA/CEC team of experts also reviewed the preliminary safety study for
geological disposal prepared by COVRA in the Netherlands, and supported the
main conclusions that a disposal facility for radioactive waste is technically
feasible, that it is sufficiently safe as far as applicable safety criteria and risk limits
are concerned, and that it is justified to continue research at a more detailed level.

1.9 Others

I have not attempted to provide an exhaustive list of review agencies here, nor to
describe their duties in detail, but rather to illustrate that such review agencies are
the norm rather than the exception, and that they all have roughly the same
responsibilities -- to review and comment on the technical adequacy of the research
that has been done to evaluate the safety of the proposed disposal method, or to
determine whether a particular site is technically acceptable.

2 Rationale for Technical Reviews

When so many countries and international agencies have established not one but

sometimes several technical review agencies, there must be some common reasons.
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2.1 Technical Uncertainty

One of those reasons is the technical uncertainty in .:. areas being investigated,
especially since some of these areas, such as tf- '.etailed geology and hydro-
geology of the geologic formations proposed. • . • iatively new areas of study. As
well, the computer models necessary for •>• .ssing the environmental impacts of
the disposal system are extremely comoir •. But perhaps the largest concern is that
the technology for nuclear waste •'' >_>sal is such that one cannot count on the
survival of human institutions ir • x r to undertake remedial action in the case of
future failure. Therefore, tb '" .'.damental premise is that the disposal system
should not rely on such fu •: remedial action for its safety. Since the processes
involved in the release ol waste from a disposal system are extremely slow, one
does not have the possibility of the normal cycle of experimental implementation,
observation, remediation and improvement that is usual with the implementation of
new technology.

This requires that technical uncertainties be resolved to a much higher degree
than usual, and one or more technical reviews add to the confidence that this has
been done.

2.2 Quality Assurance

There are quality assurance aspects to the technical reviews of nuclear waste

management programs that go beyond the usual definition of this discipline. The
reviewers must not only ascertain that the correct answers have been obtained to the

%.x questions that were asked and that the data are valid, but'determine whether the
x right questions are being asked in the first place. While there is still the possibility

that something will be overlooked, the more independent reviews that are under-

., taken, the smaller the possibility.

2.3 Assistance in Decision-Making

iX'cision-makeis on radioactive waste management, usually governments or
government agencies, require assurance that a number of criteria have been sat-
isfied before allowing waste disposal to proceed. Assurance by a highly-regarded
scientific bixly can be of considerable help in allowing a decision to be made to
proceed with waste disposal.

While it would be possible to rely on the research results produced by the re-
sponsible agency, the result is more credible if it has been reviewed by a competent
independent body.



3 What Are the Results?

A number of reports have now been produced regarding the technical feasibility of
the permanent geologic disposal of nuclear waste. Independent technical reviews of
these reports have supported the conclusion that if wastes are disposed of in the
manner proposed, the radiological impact on humans over the distant future will be
negligible.

However, general public acceptance of the idea of permanent geologic disposal
of radioactive waste is still far from being achieved in most countries.

3.1 Reviews Spawn More Technical Research

Perhaps the most adverse result from the point of view of obtaining public
acceptance, and the main point of this paper, is that a focus on technical review
requires a great deal of technical research, which concentrates available funding for
the resolution of the radioactive waste management problem on the resolution of
only one aspect of the overall problem.

Since few of the factors governing public acceptance of nuclear waste disposal
relate to technical uncertainty, this can result in national programs that fail to
concentrate their resources on the areas of greatest potential return in terms of
obtaining public acceptance.

3.2 Results Are Often Highly Qualified

Often, the conclusions of technical review bodies are not stated in terms that are
clear to the general public, and it is difficult for the public to understand just what
has been concluded. They tend to be highly qualified, to request that further
research be done, and to concentrate on the remaining uncertainties. The reviewers
are usually extremely cautious, perhaps because of these ramaining uncertainties,
and are not inclined to simply state that the disposal method being proposed is safe.

One conclusion this type was the NEA working group's collective scientific
opinion that the means exist to evaluate the environmental impacts of deep geologic
repositories for high-level nuclear waste. Another is the Canadian Technical
Advisory Committee, which after more than 10 years of reviewing the development
of a disposal concept has said only that it continues to support the research and
development of the concept as the most feasible and practical for Canada. From a
communicator's perspective, it is very difficult to generate public interest in such
technical conclusions, and their impact on public acceptance is therefore rather
limited.
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4 Social Problems Remain Unresolved

Scientific researchers, elected officials, government agencies and even technical
review bodies seem to agree that the main problems impeding the disposal of
radioactive wastes are not technical but of a public acceptance nature. In other
words, they are social and political problems rather than technical problems.

There appears to be little evidence that increasing levels of scientific confidence
in the disposal solutions produce a concomitant increase in public acceptance.
Countries that have received technical approval of their disposal concepts and plans
appear to be moving only very slowly toward implementation, impeded largely by
the socio-political problems of site selection.

One reason that progress toward solving these social problems is slow may be
that funding in this area has not been available because efforts have been
concentrated on technical investigations. On the international level, even discussion
of how one might approach socio-political solutions is often inhibit id by the
political sensitivities of individual states and by their cultural and political
differences. The unifying force that exists internationally in the field of the physical
sciences appears to be absent in the case of the social sciences. At international
conferences on waste management, by far the majority of the discussions are about
the minutiae of technical investigations, not the resolution of socio-political
problems.

Although there are some exceptions, the general results of the present approach
appear to be that where technical reviews are mandated for plans related to specific
sites, public acceptance problems have delayed or prevented the technical work
necessary to evaluate the site-specific plans, and therefore it is not possible to
conduct the technical reviews. The U.S. experience with the Yucca Mountain site
and the French high-level waste management program are examples of this
phenomenon.

It has been possible in many countries to carry out non-site specific investi-
gations, but it is not evident that the positive technical reviews of the resulting
generic concepts hav especially helped the transition to site-specific activity. While
there appears to be an international scientific consensus on the feasibility of safe
permanent disposal of radioactive waste, it is extremely difficult if not impossible
to actually implement it.

I would have to conclude that the technical reviews to date have not helped very
much in the matter of gaining public acceptance.

5 An Alternative View

If technical investigations and reviews by independent groups of technical experts
are not particularly helping the implementation of nuclear waste management
solutions, it may be appropriate to consider other strategies.
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5.1 The Nature off the Nuclear Waste Problem

When the issue of nuclear waste first surfaced as a matter of public concern in
various countries in the early to mid 1970s, it was in response to proposals to
construct hundreds or thousands of nuclear reactors to supply energy requirements
dictated by continued industrial growth at levels that are now generally accepted as
unreasonable. The sheer quantity of waste that would be produced was unsettling,
as were reports at that time that fallout from atmospheric nuclear weapons testing
was beginning to have a global radiological impact. Alvin Weinberg spoke of a
"nuclear priesthood" being required to ensure the safety of the waste in perpetuity.

The response of the nuclear establishment was that a technical solution could be
found for all concerns about a nuclear future, including the waste problem. A
hitherto unprecedented solution was volunteered -- that the waste could be managed
in a way that would create no burden whatsoever for all future generations. Such a
solution is entirely outside the realm of human experience, and in fact is not
expected of any other waste producer in our society. Much is made by some critics
of the longevity of some elements in nuclear waste, while non-radioactive wastes
that will remain toxic forever are routinely "disposed of" in facilities that require
continuing institutional control.

In thus defining the nuclear waste problem as a technical one and proceeding to
solve it in a technical fashion, no cognizance was taken of the fact that the public's
concerns about nuclear power and nuclear waste had deep-rooted psychological
causes. The psychological aspects of the public acceptance of new technologies
involve factors that have very little to do with technical facts, no matter how well
established and confirmed they may be by independent review agencies.

If the reluctance to accept nuclear power were indeed based on a concern about
the technical uncertainties of being able to dispose of the waste, one would expect
that when competent independent technical reviewers say the case is proved, public
acceptance of both the implementation of waste disposal and the further
development of nuclear power would increase. We have not seen such direct
linkages in either Switzerland or Sweden. In both cases, the positive technical
reviews were followed by public decisions to restrict or decrease the further
development of nuclear power, and progress toward actual disposal of high level
waste has been very slow. The more recent public attitude turnaround in Sweden
seems to be much more closely linked to the public's perception that nuclear power
is necessary than to any waste management activity.

5.2 Solving the SoJol Problems

If we agree that the public acceptance problems ibr nuclear waste management,
especially high-level nuclear waste management, have psychological causes, we



should look again at our national strategies and develop a modified approach to
resolving these problems.

There is no question that the technical questions must be answered, and that
competent and independent technical reviews are necessary to ensure tint they have
been answered correctly. In my opinion i: is doubtful that solutions to nuclear
waste management could now be established without such investigations and
reviews. But how much of that is due to the fact that the nuclear industry has spent
years convincing the public that nuclear waste disposal is a technical problem?

The result, in my mind, is that the psychological concerns that have caused
difficulties in the socio-political area have not disappeared, but that we have added
a technical dimension to these problems that must now be solved concurrently with
the social dimension.

What is now needed to make further progress is the same investigation of the
social and psychological dimension that has already been accomplished in the
technical dimension. We have come up against a problem in which we must break
new ground on the psychological side, an I suggest that we engage the social
sciences on this task in the same way that, 15 years ago, we engaged the physical
sciences. Unlike with the physical sciences, however, it will probably be possible
to dispense with the technical reviews. The final test of whether or not we have
succeeded will be public opinion and we already have the means at hand for
measuring that.

6 Conclusion

The question that was put at the beginning was whether, from a communicator's
perspective, technical reviews of nuclear waste disposal technology have helped or
hindered public acceptance

I would suggest that . 7 have not done much of either. To the extent that
technical reviews assist in giving confidence that the technical dimension of the
nuclear waste disposal problems has been adequately addressed, technical reviews
are helpful in gaining public acceptance.

To the extent that technical reviews further focus research efforts on the
technical dimension of the problem, and syphon off funds that could more profit-
ably be used to start resolving the psychological dimension, they have hindered
obtaining public acceptance. However, that is hardly the fault of the technical
review agencies. If there is a fault, it lies with the nuclear industry, which, perhaps
through lack of experience in dealing with social issues, assumed that a "technical
fix" for nuclear waste management would be the key to winning public acceptance.

The key to public acceptance now appears clearly to lie in the psychological or
social dimension, and consideration should be given to mounting the same degree
of effort in that area as has already been mounted in resolving the technical issues.
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DECISION-MAKING

UNDER GREAT UNCERTAINTY

Sven Ove Hansson, Uppsala University and the Board of Directors of SKN.

ABSTRACT: Five types of decision-uncertainty are distinguished: uncertainty of

consequences, of values, of demarcation, of reliance, and of co-ordination. Strategies are

proposed for each type of uncertainty. The general conclusion is that it is meaningful for

decision theory to treat cases with greater uncertainty than the textbook case of "decision-

making under uncertainty".

In practice, all decision-making takes place under conditions of uncertainty. Decision-

making under certainty is an idealized limiting case only found in textbooks. In that case

it is known for sure what the options are, what the outcome is if one chooses each of

these options, and what the value is of each of these outcomes. In textbooks, by

decision-making under "uncertainty" is meant a situation in which it is still known what

the options are and what the values are of the various possible outcomes. However, at

least some option can be followed by more than one outcome, and the exact probabilities

of the outcomes, given different options, are not known.

By decision-making under great uncertainty I will mean a situation in which we

lack much of the information that is taken for granted in the textbook cases, but we

nevertheless have to make, or at least to prepare, a decision. I believe great uncertainty, in

this sense, to be at least as common in practical decision-making as the textbook cases. It

is not, however, a favourite subject in the decision-theoretical literature. One reason for

this may be that in this case we do not seem to have much use for the mathematical

models that most decision-theorists - including myself- hold so dear.

The purpose of this presentation is to give some indications of what reasonable

strategies one can choose in order to cope with great uncertainty. My approach will be

analytical in the sense that I will divide uncertainty into five components and discuss how

each of these components can be dealt with.1

1 Needless to say, the list contains overlaps, and it is not exhaustive.
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1. UNCERTAINTY OF CONSEQUENCES

The most commonly discussed form of uncertainty in decision-making is the uncertainty

that follows from ignorance of the consequences of the various options that you can

choose between. Such uncertainty of consequences, as I will call it, comes in four

degrees.

The first degree is when you know what the possible options are, and you also

know their probabilities. Technically, this is often called "decision-making under risk". I

will call it decision-making under known probabilities? This is the favourite case of

decision theorists. The traditional recommendation is to maximize expected utility. To

each possible outcome is associated a probability, and also a number that represents its

value (utility). The expected utility of an option is the sum of the products of these

numbers for each possible outcome. The rule is to choose the option that has the highest

expected utility.

To what extent does the maxim of maximizing expected utility reduce

uncertainty?3 The answer to this question depends on whether we consider the maxim as

applied to a single decision or as applied to a long series of similar decisions. In the latter

case, expected utility is almost certain to maximize the total outcome in the long run, and

thus to neutralize the uncertainty that there is in single cases. In other words, random

effects are levelled out.

As an example of this, suppose that the expected number of deaths in traffic

accidents in a region will be 300 per year if safety belts are compulsory and 400 per year

if they are optional. Then, if these calculations are correct, about 100 more persons per

year will actually be killed in the latter case than in the former. We know, when choosing

one of these options, whether it will lead to fewer or more deaths than the other option. If

we aim at reducing the number of traffic casualties, then this can, due to the law of large

numbers, s;;fely be achieved by maximizing the expected utility (i.e., minimizing the

expected number of deaths).

This levelling-out effect is subject to two provisos. One is that in many cases it

works only on a collective level, not on an individual level. To see this, suppose that

there are two treatments to choose between in a certain medical condition. One of them is

a surgical treatment with a survival rate of 75%. The other is a pharmacological treatment

with a survival rate of 80%. No difference in the health of surviving patients is known

2 The special case when all the probabilities arc cither 0 or 1 coincides with decision-making
under certainty.
3 The word "uncertainty" is used here as in everyday language, i.e., not in its tcciinical sense
(ef. below).
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between the two methods. Furthermore, there are good reasons to believe that some

individual patients would have a better chance with surgery than with the non-surgical

treatment, but unfortunately there is no way to know beforehand who these patients are.

Let us first consider the situation of a medical authority deciding what treatment to

recommend. This is - given the facts of our hypothetical example - a case of decision-

making without (probabilistic) uncertainty. Next, let us consider the situation of an

individual patient who chooses a treatment for herself. Whatever treatment she chooses, it

may very well happen that the other choice would have saved her life. Therefore, this

decision is (in a non-technical sense of the word) a decision under uncertainty.

The other proviso is that some decisions are not part of a series of similar

decisions, not even on a collective level. The most clear cases are decisions that may have

catastrophic outcomes, such as a nuclear war or major ecological threats to human life.

Such outcomes cannot be levelled out even in the hypothetical limiting case in which the

maximization of expected utility is made a guideline of all human decision-making. In

cases with such stakes it would seem sensible to replace the maximization of expected

utility by more pessimistic decision rules, i.e., by rules that put more emphasis on very

negative consequences that what follows from their probabilities.

The second level of uncertainty of consequences is what we may call decision-

making under incompletely known probabilities. (Technically, this is often cailed

"decision-making under uncertainty".) As a simple example, take my decision this

morning not to bring an umbrella. I did not know the probability of rain, so it was not a

decision under (completely) known probabilities. On the other hand, the probability of

rain was not altogether unknown to me. I knew, for instance, that the probability was

more than 5 per cent and less than 99 per cent.

Incomplete knowledge about probabilities can often be expressed with intervals of

this type, that provide lower and upper limits of an unknown probability. Sometimes,

such incomplete knowledge can also be expressed by a function that assigns a numerical

value to each probability value between 0 and 1. This value represents the degree of

reliability or plausibility of each particular probability value. Such measures may be

interpreted as second-order probabilities, i.e., as measures of the probability that the

(true) probability has a certain value. Other interpretations are also possible.

Various decision rules have been proposed for incompletely known probabilities.4

Most of these rules tend to be on the pessimistic side, i.e., they judge options by their

"worst" rather than by their "best" probability assignments. This property of a decision

4 Daniel Ellsbcrg ([1961] 1988), "Risk, ambiguity, and the Savage axioms", pp. 245-269 in
Peter Gärdcnfors and Nils-Eric Sahlin, eds. (1988), Decision, probability, and utility. Pclcr
Gärdenfors and Nils-Eric Sahlin ((1982] 1988), "Unreliable probabilities, risk taking, and
decision making", pp. 313-334 in the same volume. Lcvi, Isaac (1980), The enterprise of
knowledge.
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rule conforms with the intuition that when you know too little about the consequences of

your actions, you should try to be on the safe side and avoid actions that might lead to

very big mistakes.

The third level of uncertainty of consequences may be called decision-making

under unknown non-zero probabilities. (Technically, this is often called "decision-

making under ignorance".) In this case, we know what the possible outcomes are of the

various options, but all we know about their probabilities is that since they are possible

they have non-zero probabilities. 5

Several decision rules for this case are part of the standard arsenal of decision

theory. Foremost among these is the maximin rule: For each option, we define its

security level as its worst possible outcome. The maximin rule urges us to choose the

option that has the maximal security level. In other words, we maximize the minimal

outcome. This is, of course, the most pessimistic rule that is possible. Other, less

pessimistic criteria are also available.6

The fourth and highest level of uncertainty about consequences is the uncertainty

that results from ignorance of what the possible consequences are, i.e., decision-making

under unknown possibilities. In probabilistic language, this is the case in which there is

some consequence for which we do not know whether its probability, given some

option, is zero or non-zero. However, this probabilistic description does not capture the

gist of the matter. The characteristic feature of these cases is that we do not have a

complete list of the consequences that should be taken into account.

It has often been remarked that future events that we have not even thought of

may decrease the safety of a waste repository. In this way, the nuclear waste issue can be

taken to exemplify decision-making with unknown possibilities. Another example can be

found in a letter that Nature printed in 1969, in the heydays of the poly water hypothesis.

The letter contained a warning against producing polywater, since it might "grow at the

expense of normal water under any conditions found in the environment", thus replacing

all natural water on earth and destroying all life on this planet.7 Soon afterwards, it was

shown that polywater is a non-existent entity. If the warning had been heeded, then no

attempts would had been made to replicate the polywater experiments, and we might still

not have known that polywater does not exist.

5 Since outcomes arc taken to be mutually exclusive, if there arc at least two outcomes with non-
zero probabilities, then all outcomes also have non-unit probabilities.

6 One such criterion is the optimism-pessimism index (often called the Hurwicz a index). The
decision-maker is required to choose an index a between 0 and 1, that reflects his degree of
optimism or pessimism. For each option A, let min(A) be its security level, i.e. the lowest utility
lo which it can give rise, and let max{A) be the hope level, i.e., the highest utility level that it can
give rise to. The cc-indcx of A is calculated according to the formula:
a • min(A) + 0-a) • maxiA)
7 FJ Donahoc, "Anomalous" Water, Nature 224:198 (1969).
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In a similar fashion, for almost any chemical substance, toxicological disaster

scenarios can be constructed that are at least as plausible as the hypothesis of self-

perpetuating polymerization of water. ("This substance may give rise to brain

degeneration in humans, but only among the grandchiidren of the exposed, and the effect

does not show in rodents or other laboratory animals.") The worst-possible (as distinct

from the worst-plausible) case is essentially the same for all chemicals.

In a sense, all human decision-making takes place under uncertainty of

possibilities. Causal chains may very well be constructed from any decision that you

make to the extinction of the human race. In most cases, such eventualities are

disregarded. However, once they have been brought up in a specific context it may be

difficult to dismiss them. It often seems to be a matter of faith more than of anything else

when unknown possibilities should be taken into account. It is not easy to deal rationally

with expectations that something totally unexpected may happen.

2. UNCERTAINTY OF VALUES

It is mostly taken for granted in decision theory that the decision-maker's values are

constant, that they are known and that they have complete precision. In practice, this is

not often so. Most decisions in social issues require the evaluation of various complex

outcomes that differ in terms of several categories, such as money, human lives, human

well-being, ecological preservation, etc. Our ordinary ethical intuitions do not suffice to

compare unequivocally all possible combinations of these factors. Two outcomes A and

B may, to the individual decision-maker, be incomparable in the sense that she neither

prefers A to B, prefers B to A nor is indifferent between A and B. For our present

purposes, I will call this imprecision of values.

In cases when increased precision in values is needed for a decision, one may take

help from moral philosophy and increase one's ethical discrimination through informed

moral reflection. This process may be accounted for either as the discovery or as the

development of moral intuitions. According to the discovery version, behind what we

perceive as imprecise values there is a precise assignment of values that remains to be

discovered. According to the development version, at least some cases of incompleteness

or imprecision are genuine, so that our values - and not only our knowledge of them -

have to be developed in order to cover previously uncovered cases. In my view, the latter

version is the most enlightening.

In some cases, we want to decide at least partly according to the preferences of

other persons, typically persons that are more directly concerned by the decision than
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what we are ourselves. In such cases. another form of value uncertainty may arise,

namely ignorance about the values of others.

The nuclear waste issue provides an example of what is probably the worst form

of ignorance about values, namely that which refers to future persons. It has sometimes

been claimed that the risks we impose on future generations should be judged according

to their, not our, values.

Needless to say, it is no easy task to predict future changes in values. For some

purposes, however, a tentative prognosis of future developments can be made on the

basis of historical trends. One such trend, that may have some prognostic value, is that as

our societies have grown more affluent, we have taken an increasingly serious view on

risks both to human health and to the non-human environment. It is not unreasonable to

believe that future generations will have even stricter requirements. This can, for

instance, be advanced as an argument for requiring stricter protection against radiation

that affects future generations than against radiation that affects the present generation.

Naturally, this argument can be challenged both on the ground that the prediction is

wrong and on the ground that our generation should base its decisions on its own values

and not on predicted values of future people.

3. UNCERTAINTY OF DEMARCATION

Any analysis of a decision must stan with some kind of demarcation of the decision. In

other words, it must be made clear what the decision is about and what the options are

that should be evaluated and chosen between. In practical decision-making, this is often

far from clear. I will distinguish between two forms of uncertainty of demarcation.

In the first form, the general scope of the decision is well-determined, but we are

not sure that we have identified all available options. I will call this decision-making with

an unfinished list of options. The nuclear waste issue provides a good example. Perhaps

the safest and most economical way to dispose of nuclear waste is yet unknown. Perhaps

it will be discovered the year after the waste has been buried in the ground. One obvious

way to cope with such situations is to postpone the decision as far as possible. Another

strategy is to choose an adaptable alternative, i.e., an option that allows us, as far as

possible, to change our decision at some later point in time. In the nuclear waste issue,

this may be taken as an argument against irrevocable deposition of nuclear waste.

Uncertainty of demarcation can also have a stronger form. Sometimes it is not

even clear what the decision is at all about. We do not know the scope of the decision, or
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social system

energy system

energy production

waste disposal

what problem it is supposed to solve. In other words we have an indeterminate decision

horizon.

Again, nuclear waste provides a good example. In the public debate on nuclear

waste there are at least four competing decision horizons:

1. The waste disposal horizon: Given the nuclear reactors that we have, how

should the radioactive waste be safely disposed of?

2. The energy production horizon: Given the system that we have for the

distribution and consumption of energy, how should we produce energy? What

can the nuclear waste issue teach us about that?

3. The energy system horizon: Given the rest of our social system, how should

we produce, distribute and consume energy? What can the nuclear waste issue

teach us about that?

4. The social system horizon: How should our society be organized? What can

the nuclear waste issue teach us about that?
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Nuclear waste experts tend to prefer the waste disposal horizon. The nuclear industry

mostly prefers the energy production horizon, whereas environmentalists in general

prefer the energy system horizon or the social system horizon. Each of the four decision

horizons for the nuclear waste issue is compatible with rational decision-making.

Therefore, different rational decision-makers may have different opinions on what this

issue is really about.

This is one of the types of uncertainty that are most difficult to come to grips with.

However, at least in some cases a reasonable approach may be to subdivide the decision,

i.e., to promote general acceptance that there are several decisions to be made, each of

which requires a different horizon. Thus, each of the four perspectives on nuclear waste

seems to be fully legitimate. Everybody, including environmentalists, should accept that

we already have considerable amounts of nuclear waste that has to be taken care of

somehow. To declare that the task is impossible is not an option in the context of that

decision; we must search for the best possible solution. On the othei 'land, everybody,

including the nuclear industry, must accept that the nuclear waste issue is also part of

various larger issues. In particular, problems connected to nuclear waste are legitimate

arguments in debates about the choice of an energy system and even about the choice of

an overall social system.

4. UNCERTAINTY OF RELIANCE

Some of the knowledge that is needed for social decisions is accessible and intelligible to

everyone, but some of i! is in its entirety inaccessible to virtually everyone because of its

dependence on technical knowledge in several highly specialized fields. Nuclear waste

management is an example of a procedure that relies heavily on results from several

highly specialized fields of research. In cases like this, decision-makers have to rely on

experts. This adds an extra dimension of uncertainty, that I will call uncertainty of

reliance.

To what extent is it rational to rely on experts? The answer to this question will of

course depend on factors such as your views on the grounds of expertise (science,

experience, etc.) and on your beliefs about the moral character of the particular group of

experts. I can see no reason why full reliance on experts should, in general, be more

rational than at least some degrees of scepticism. It may, for instance, very well be

rational to view environmental risks as more serious if the knowledge making them

(relatively) acceptable is directly accessible only to experts than if such knowledge is

directly accessible to yourself and to your peers. Obviously, the less you know and

understand of what the experts are talking about, the more uncertainty of reliance is there
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for you as a rational decision-maker. This has often been insufficiently underwood by

those who have themselves privileged access to technological and scientific knowledge.

An obvious way to try »o cope with uncertainty of reliance is to inform and

educate the public. Another possible strategy is to develop and choose options that are as

intelligible to laymen as possible. Once again, a concrete example is available from

nuclear waste management: It seems reasonable to assume that when judging the long-

time safety of a waste repository for nuclear waste, laymen will be more convinced by

close analogies with natural phenomena than by indirect experimental evidence. If this is

so, then it seems reasonable to let this factor influence the choice of technologies.

As is well-known, other and much more radical proposals for increased

intelligibility have been advanced. One of the motivations for the idea of transforming our

modern societies into collections of independent local communities witri simple

technologies is that this will make us all much less d^.iendent on experts and technocrats.

5. UNCERTAINTY OF CO-ORDINATION

Most important decisions are social. They involve voting, bargaining, and other methods

for combining individual preferences or choices into collective decisions. In order to be

an effective participant in collective decision-making you often have to behave

strategically. If your first choice has no chance of winning, then it may be better to enter a

coalition for your second-best alternative. The outcome of a decision process depends not

only on what various decision-makers want but also on how they manage to coordinate

their actions. I will use the phrase uncertainty of co-ordination for the uncertainty that this

gives rise to for individual decision-makers (as well as for internally coordinated

subgroups of decision-makers).

The fundamental insight of social decision theory may be rephrased to say that

uncertainty of co-ordination is unavoidable except under dictatorship. To see what this

means in practice, let us again take an example that refers to nuclear waste management.8

To make things simple, we will assume that the decision how to handle some country's

nuclear waste is going to be made by a single majority decision in that country's

parliament.

For the purposes of this example, let us assume that three alternatives are available

for the handling of nuclear waste. The nuclear industry has worked out a proposal, and

provided documentation to show that it is safe enough. We will call this "industry's

proposal". A group of independent scientists, who were sceptical of this proposal,

8 The example was first published i., my An overview of decision theory, SKN Report 41, 1991.
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developed a proposal of their own. It contains several more barriers than the other, and is

therefore considered to be safer. On the other hand, it is several times more expensive.

We will call this the "expensive solution". But in spite of the extra barriers, many

environmentalists have not been convinced even by the expensive solution. They want

the whole decision to be postponed until further studies have been conducted.

In parliament, there are three factions of approximately the same size. The

members of the first faction (the "economists") are mostly concerned with economic and

technological development. They put industry's proposal first. In the choice between

postponement and the expensive solution, they prefer the former, for economic reasons.

Thus, their preferences are:

Economists:

1. industry's proposal

2. postponement

3. expensive solution

T>e second faction (the "ethicists") is most of all concerned with our responsibility not to

hand over the problem to future generations. They want the problem to be solved now,

with the best method that is available. Their preferences are:

Ethicists:

1. expensive solution

2. industry's proposal

3. postponement

The third group (the "environmentalists") prefer to postpone the final deposition of the

waste, since they do not believe even in the expensive solution. Their preferences are:

Environmentalists:

1. postponement

2. expensive solution

3. industry's proposal

Now let us see what happens in majority voting. First suppose that the proposal of

nuclear industry wins. Then a coalition of ethicists and environmentalists can be formed

to change the decision, since these two groups both prefer the expensive solution to

industry's proposal.
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Next, suppose that the expensive solution has won. Then a coalition to change the

decision can be formed by economists and environmentalists, since they both prefer

postponement to the expensive solution.

Finally, suppose that postponement has won. Then the decision can be changed

by a coalition of economists and ethicists, who both prefer industry's proposal to

postponement. Thus, none of the three options is a stable winner.

We started with three reasonably rational patterns of individual preferences. We

used what we believed to be a rational method for aggregation, and arrived at cyclic social

preferences.

Kenneth Arrow, the founder of modern social decision theory, set out to

investigate whether there is some social decision rule other than majority rule, under

which cyclic social preferences can be avoided. The answer, contained in the famous

theorem that bears his name, is that if some seemingly reasonable rationality criteria are

satisfied by the decision rule, then cyclicity cannot be avoided.9

Explicit decision cycles have a much smaller role in practical decision-making than

what might be expected from theory. A major reason for this seems to be that decision-

makers often have a strong procedural preference for "settling the issue". In our example,

it may happen that the ethicist faction decides that in order to avoid indefinite

postponement - which is what they fear the most - they should accept industry's

proposal, and form a stable coalition with the economists for it. In general, there are

several types of procedural preferences - such as preferences for consensus and against

protracted stalemates - that may contribute to the avoidance of cycles.10 Such procedural

preferences are part of our democratic culture. Since they cannot be treated in Arrow's

formalism, this is not a solution that falsifies his theorem but one that goes beyond it.

CONCLUSION

The account of uncertainty that I have given here is much broader than what is common

in decision theory. Some of the forms of uncertainty that I have treated are not typically

counted as uncertainties. In particular, this applies to what I have called uncertainties of

reliance and of co-ordination. My motivation for this extended account is that I believe it

to correspond better to the uncertainties experienced by practical decision-makers.

9 Kenneth Arrow, Social choice and individual values (1951). For an accessible proof of
the theorem, the reader is referred to Amartya K Sen, Collective Choice and Social
Welfare (1970)
10 For a somewhat more thorough discussion of such preferences patterns, sec Svcn Ovc
Hansson, "A Procedural Model of Voting", Theory and Decision, in press.
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Type of uncertainty Subtype Example of strategy

Uncertainty of

consequences

known probabilities

incompletely known

probabilities

unknown non-zero

probabilities

- maximize expected utility

• pessimistic decision rules

- pessimistic decision rules

- pessimistic decision rules

unknown possibilities

Uncertainty of values imprecision of values - moral reflection

ignorance about future

values

- historically based predictions

Uncertainty of demarcation unfinished list of

alternatives

Uncertainty of reliance

Uncertainty of

co-ordination

• postponement

adaptable alternatives

indeterminate decision

horizon

- subdivision of the decision

- education

• intelligible alternatives

- democratic culture

Most of you work in the field of nuclear waste management. It may be taken as a

sign of the particular difficulties of this field that I have found all the five components of

uncertainty to be present in decision-making about nuclear waste.

I have summarized the five types of uncertainty and the decision strategies that I

have discussed in the above table. As should be clear by now, I believe that most of the

components of great uncertainty can be dealt with in a systematic and rational way. This

is not to say that all decision-making under great uncertainty is simple. What I hope to

have shown is that it is meaningful for decision theory to treat not only the textbook cases

but also cases with life-size - i.e., great - uncertainty.
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Ethical considerations as a base for technical review

Ethics is the topic of today in home politics as well as in

international affairs. The debate became increasingly lively in the

1980s. The recent development in Eastern Europe can be seen as

the climax of the post-war struggle for a fair truce and a strongly

desired victory for ethical principles.

Robert J Myers, in an article in Dialogue magazine, concludes that

nations are coming to understand that the moral decision is often

the practical decision. He defines ethics as the product of

morality.

Morality supplies the profound base of ideas from which ethical

standards then proceed. Morality stems from many sources,

among them religion and cultural imperatives.

A precondition for ethical standards to develop and be generally

accepted is an open and free debate.

Is there room for ethics also in science? Obviously in the medical

profession with roots from Hippocrates, but also in other areas. In

the mid 80s a number of ethical codices were proposed.

They have a broad consensus on values forming the base of

responsibility. Human value and nature seem to be common

denominators, determining the personal responsibility of the
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scientist towards environment, society and single individuals.

They form an ecological perspective towards coming generations.

Moreover, one codex stresses the importance of not delimiting

the freedom of choice of coming generations.

Nuclear waste presents a special case for ethical considerations. It

is not only harmful to those handling it today, it keeps beeing a

threat to life for thousands and thousands of years.

Moreover, the generations enjoying the benefits of the product

will not be the same as those carrying the burden of the waste.

And what is waste? Will more fantasy and higher developed

technology turn our waste into new raw material?

Peaceful use of atomic energy - do you remember how it started?

Let us go back to the 50s.

The blessings were endless and welcomed by everybody. Atoms

for peace said president Eisenhower and a heavy burden was

lifted.

It was not so that atomic power in itself was not controversial. At

the end of the fifties we had an heated debate on nuclear

weapons. Should the Swedish army go nuclear? The opinions

were widely divided.
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I asked a former member of the government - today in her

eighties and a fervent anti-nuclear campaigner - if the

government did not discuss possible risks and consequences of

peaceful use of nuclear power. She said no, all efforts were

concentrated on preventing atomic armament.

Little by little questions were popping up. They were answered

in a benign paternalistic mood - these are complex, complicated

and highly technical questions which cannot be understood by

laymen. Don't worry everything is under control.

Some laymen draw the unexpected conclusion that if the

problems were so intrinsic and impossible to explain - maybe the

scientists were not too clear themselves.

Since then enormous efforts have been made to clarify the

nuclear energy process and the ultimate fate of nuclear waste.

Everything had to be safe and predictable to the smallest detail

for tens and hundreds of thousands of years to come.

Safe, efficient, trusted, so what?

In Sweden nuclear energy has proven to be a powerful explosive

especially to governments. In the mid-seventies it threw the

social-democrats out of their 40-year office. TMI and Tjernobyl

gave strong political repercussions. After a national referendum

in 1980 the parlament made solemn decisions that nuclear power
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would end in 2010 and decommissioning start in 1995. However,

today the years are not spelled out so definitely any more, an

understatement in the light of the landslide election victory a few

days ago for mainly pro-nuclear right wing parties. Within the

safe bourgeois majority, however, there is also the outspoken

anti-nuclear center party. We still do not know if the prime

minister to be will have this explosive inside or outside his

government.

Futurology is not an exact science. The ambition to predict the

future to the tiniest crack in the bedrock went too far. Today we

discuss nuclear waste - security, responsibility to future

generations and time schedule - in a more relaxed way. Rather

than pretending that we are able to predict the future in detail,

we admit shortcomings and ask ourselves how to make decisions

on an incomplete and even faulty base of knowledge.

So we do every day. "We" being doctors in acute medical

situations, firemen in front of a burning house, politicians

formulating various declarations and various commanders from

four-star-generals to general car-drivers.

When KASAM, The National Council for Nuclear Waste took

shape in 1985 under the ministry of Environment and Energy,

the founding committee advised the Minister that in addition to

an obvious selection of experts of high competence and integrity

on geology, hydrology, chemistry, radio biology etc she should
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also appoint a person used to thinking in long spans - thousands

of years with a window open to eternity. We got our theologian,

Dr Anne-Marie Thunberg, and she has helped us to put the

relevant questions about future as well as uncertainty in a way

which has been meaningful to both natural scientists and

concerned laymen. As from last year law is represented on our

board by a professor of social law.

In three seminars from 1987 to 1990 we dealt with possible

risks and different types of uncertainty related to nuclear waste.

The title of the first of these seminars was "Ethical action in the

face of uncertainty". The second dealt with the natural science

base of knowledge and the last one discussed how to make

decisions integrating moral values and incomplete knowledge.

I shall briefly recall some lines of thought from the first and the

third seminar.

A basic characteristic of man is his predisposition to make

mistakes. We do it ourselves and we can expect so from coming

generations.

Errare humanum est

- this wisdom was formulated 2000 years ago and is still one of

the few things that everybody can agree with. To err is human.
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We have it in the genetic code, we have it in our minds. We make

mistakes, unexpected things happen. If man were totally

predictable the world would not only be a very dull place to live

in, it would also rule out progress and hope. Man is inherently

unfool-proof. Let us take it as a promise for the future.

One of our shortcomings may be that we look upon spent nuclear

fuel as just waste. Better knowledge and more vivid imagination

may find other ways to use it. Other mistakes may be involved in

the repository.

Out of respect for coming generations we should guarantee them

the same right to integrity, ethical freedom of choice, and

responsibility that we ourselves enjoy.

Two things are required from any technical products that is

meant to be in use for a longer period: It must be safe in

operation and, furthermore, reparable. The same qualities can be

demanded of a nuclear waste repository.

Safety in operation means, in this case, that the waste can be

disposed of so that, as far as we can predict, coming generations

will not be obliged to take measures to protect themselves or

their environment from it. The disposal must therefore be done

with utmost precautions, involving peak technology,

engineering, hydrology, geology, radiology etc.
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Repairability means that coming generations can repair any

mistakes we may have made in disposing of the waste.

Sometimes you meet people offering you a final solution, a secure

guarantee for the future. They make me very suspicious.

I grow upp when Hitler spread horror over Europe with his final

solutions (and "Peace in our time" did not turn out to be the best

prediction for the future).

Life is unique in its character, aiming at plurality, independent

composition and organisation, simply at freedom.

Vaclav Havel speaks about entropy as the principle of death in

contrast to the principle of life and he says: If the fundamental

principle of cosmos is an increase of entropy, the fundamental

principle of life is on the contrary increased structural complexity

and combat against entropy.

If life is enclosed in a rigid structure it will eventually break its

frame.

The more rigid the system, the worse it will crack up when its

time is out.

The lines of reasoning in our ethics seminar led to a double

conclusion: A repository should be constructed so that it makes
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controls and corrective measures unnecessary, while at the same

time not making controls and corrective measures impossible.

Ethical aspects on uncertainty and responsibility towards the

future were a key concept at the seminar that K.ASAM and the

National Board for Spent Nuclear Fuel held in 1990 in Stockholm.

Our theologian, Anne-Marie Thunberg, stressed that ethics could

never be separated from the total process of research and

development "ethics must be a part of the specification of

standards". In other words it was put "An ethical discussion must

not be seen as a humanistic flavour on top of a ready-made

technological dish". Ethics must be a pan of the cooking.

One of the participants, Birgitta Oden, former professor of history

at Lund University pointed out a certain amount of uncertainty

as a value.

According to Oden increased security can only be obtained at the

cost of other values such as alternatives, political democracy, the

concern of the citizen in participation in various movements,

cultural pluralism, local variation or.with her own words, "at the

prize of the engagement of the individual in forming our future

with the fundamental values: a democratic society, a humanistic

understanding and an environmental conscious outlook towards

the future. The alternative to uncertainty in development would

be a strictly regulated society leaning heavily on legal force.
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The demand for ethical principles guiding decisions on nuclear

waste has recently been questioned. Pierre Strohl, in Nuclear Law

Bulletin, stresses the superiority of law to ethical arguments. A

rule of law is enforceable, he says, i.e. if need be, legitimate force

may be used to ensure its application. Moreover, legal rules

cannot be separated from the conditions relating to their

implementation. He warns not to confuse ethics and law.

To me, laws are like fresh food, to be enjoyed within their time. A

law can be cancelled and with the law its implementation. Ethics,

on the other hand, is deeply rooted in what we think is right and

wrong, closely connected with faith. Ethics is the lon« lasting

systems. This is the foundation, the laws built on ethical grounds

have the best future prospects.

\

1
I cannot see a contradiction between ethics and law, There mus

be a strong regular frame-work to handle the problems of to-day.

Present law, however, can never dictate to coming generations

what they should do. They must pass their own bills. Only by

ethical reasoning can we outline possible directions and

possibilities for them to decide within.

Moral issues are central to what it is to be a human being. They

provide a "blueprint" as it was put in an AECL seminar in Toronto

this spring - for what is considered to be, and not to be,

appropriate human behaviour.
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Life cannot be predicted. The final solution is not to be found.

I even doubt that there is a consensus.

Do things in the very best way you can, cooperate with the

nature rather than conquer it. Our unsolved problems must not

be a burden to future generations. But on the other hand future

generations must also be given an opening to make solutions of

their own.

Eventually you may find that the moral decision is also the

practical decision.
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1
The role of oversight in relation to
non- technical aspects in society

General discussion led by a panel consisting of:

Suzanne Frigren, Assistant Under-Secretary, Ministry of the Environment,

Sweden (Chair)
Torsten Carlsson, Chairman Oskarshamn Municipal Executive Board, Sweden
Patrick Domenico, Board Member NWTRB, USA
Les W. Shemilt, Chairman TAC, Canada

Olof Söderberg, Director General SKN, Sweden

The first speaker was Olof Söderberg, SKN

Referring to Lars Hogberg's views on the decision-making process and on the
scope and extent of SKN's review work (day 1) Olof Söderberg stressed that SKN
undisputably has to rely on the technical knowledge of sister organizations like SSI
and SKI , but at the same time also needs to have a technical competence of its
own. He saw two strong reasons for that.

"One is simply that our task is to carry out a technical review. One of the
reasons to set up this agency with its present tasks in 1985-1986 was to ensure
public insight into the research and development work at a stage prior to that of
licensing. This obviously cannot be done unless we have a staff which itselt is
technically competent and is able to ask the right questions and understand and
analyse the answers. The second reason is that the 'soft' questions as such will
hardly not be phrased in a proper and adequate way if one doesn't have the daily
contacts with technical experts in the field".

He then turned to the question "when is enough enough, when do we arrive at a
stage when a certain policy would lead to an unwanted so called zero-solution?" He
thought "that questions of this kind can and should be asked but... do not expect
us to provide you with simple answers to them and do not expect anybody else to
provide you with simple answers!". He continued by saying that "one could of
course ask 'what is the point of asking this type of questions' and I think the
answer is, simply, that it is for promoting discussion. Discussions such as the one
we are having here today is necessarily a part of the decision-making process and
there are, as Camilla Odhnoff pointed out, also a lot of moral and ethical questions
that could be asked. These questions may not, in many cases, have a definite
answer, at least not an exact answer. But I think by discussing the issue there is a
bigger chance that we do not overlook some important aspects which require a
more thorough technical analysis."
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The Chairman called upon the next speaker Torsten Carlsson, Chairman of

Oskarshamn Municipal Executive Board.

Torsten Carlsson started by saying that he was very pleased that not only technical
questions were being discussed during the symposium, but also matters interesting
and necessary for him as a local politician. Talking about his position as a local
politician he felt that he was kept very well informed by the nuclear power
company about the operation at the power plant close to the town of Oskarshamn.
However he felt that there was a need for an independant source to turn to for
advice. He now feels, he said, that he is somewhat "in the hands o f the nuclear
company. His dilemma as a politician, he added, is that sometimes he is accused by
the local public of beeing "bought by the power plant people", and sometimes he is
accused by people from the power company of beeing against the company. He
was also disturbed about the fact that most members of the local council seem to be
very little interested in discussing incidents at the power plant. Nor are those
members, according to Torsten Carlsson, interested in discussing non-technical
matters like "the things that you have taken up here today".

The next speaker was Patrick Domenico, NWTRB.

Patrick Domenico concentrated on two issues. First, he wanted to illustrate the role
of NWTRB as a technical oversight group in connection with a certain DOE
Programme (Yucca Mountain, Nevada, as a candidate site). Second, he raised the
question: "Do technical review boards have a social purpose?"

Commenting on the first issue he said that "oversight to me means a concern
with those things that have, or could, fall through the cracks". ... "Do we, the
Technical Review Board have oversight responsibilities?", he asked and answered:
"I think so". He then gave some examples of changes in DOE's work at the
Nevada candidate site that he believed NWTRB had initiated. These examples
included dry drilling instead of wet drilling, the use of ramps instead of shafts to
get down to repository level, and the use of mechanical excavation instead of "drill
and blast". He also mentioned an upcoming meeting on thermal loading as an
example where DOE had to prove to NWTRB their reasons for constructing a
repository as hot as possible, not as cold as possible.

According to Patrick Domenico, there had been a "leadership void in the
Programme and we have advised DOE while they filled that void." He concluded
that "... in carrying out our responsibilities of oversight we advise the managers of
the programme. ... So let me offer you axiom number one - you need to offer
sound technical review in the absence of effective leadership to help the managers
of the programme."

Changing the subject to social concerns he asked: "Do technical review boards
have a social purpose?", and answered, "I think our board was created largely for
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two reasons: to evaluate the technical and some nontechnical aspects of DOE's
programme."

'The pragmatic concern was that little was being done at greater and greater
cost. ... the Department of Energy had lost its credibility. ... The public did and
does not trust the Department of Energy. So, as the Board supplies significant
input to the Department of Energy's Programme of Site Charactarisation, the Board
strives to remain independent, less we become compromised in the public's eye. If
we fail to remain independent, we will loose public acceptance of our work,
irrespective of how well we do our technical review. So, in my view, there is the
connection between technical review and public acceptance."

As a last point he discussed different ways of looking at "the concept of success
or failure in the overall scheme of waste disposal" saying: 'The informed public
might say that failure is our inability, for whatever reason, to safely dispose of
nuclear waste so as to ensure the safety of this generation as well as future
generations. The Department of Energy and its contractors might deep in their
hearts consider that failure means DOE is unable to demonstrate that Yucca
Mountain or any other location is a safe place to dispose of nuclear waste. If you
ask the Technical Review Board members, some of us might say that we need to
give the Programme the benefit of our experience while remaining independent
from the DOE. Otherwise, we will have failed to be objective.

The last speaker in the panel was Les Shemill, T AC.

Referring to the many (six or seven) American oversight groups reporting on

nuclear waste management at the Tucson Waste Management 91 Meeting in

February 1991, Les Shemilt said, that "the first thing to look at in terms of a

technical or scientific review group or an oversight group is: precisely what is its

role, who established it, with what purposes, what are its terms of reference, to

whom does it report. All of these factors relate to whether its review can be in the

narrow scientific peer review tradition, whether it is a broader review, whether

ultimately the views that it espouses will be divergent from proponents of

programmes or whether they can be convergent in terms of ultimately fulfilling

some specified mission or sense of purpose."

"With regard to my own committee", he stated, "... our role is to assess as best

we can the quality, the methodology of the scientific programme being carried out

by AECL with regard to their mandate to develop a concept for nuclear waste

disposal." He also stressed that it is important for a review committee such as TAC

to realize that their views and recommendations have budgetary implications. 'This

means decisions by management so that our task is to indicate that what we feel as

a review group are useful priorities and we have to leave it at that point."

Les Shemilt then gave some examples showing that "dealing with nuclear waste

disposal, you cannot at all avoid the interactions with society and one must, as



scientists and technical people and engineers, deal adequately and as members of
society with those issues."

In order to illustrate the interaction with society he described the situation when
some years ago it was necessary to establish adequate research areas for geological
exploration of different kinds of rock. AECL had difficulties getting permission for
the research from the local authorities and in one case permission was not possible.
"All our committee could do", he said, "was to take cognizance of the social
political phenomena going on and to take a stand in our reports saying that we felt
that this area of research was important and that research areas should be made
available through the necessary political arrangements that had supposedly been
established. So we did stand firmly for carrying out that type of research. We knew
that it had local political implications and it simply illustrates that even the scientific
decisions such as doing hydrogeological explorations or geochemical explorations
immediately leads you into social aspects that have to be dealt with."

Les Shemilt also gave another example of interaction: "One of the factors we
enjoy as a scientific review group is full freedom of information from AECL and
their various contractors and linked departments doing the research. ... We felt
very strongly, because of the social implications and the general social concerns
with regard to nuclear waste, that that type of information, no matter how scientific
or how technical, should also be freely available to the public, to interest groups, to
scientific groups, to whatever organized or unorganized group of individuals that
were desirous of examining the work that was going on. We made this type of
recommendation in our reports, and as far as we are aware it has been very
generally followed."

Summing up Les Shemilt reminded the audience that his committee "is
completely structured to look at the science and engineering, but not at the social
implications. And yet we cannot avoid doing that."

The Chairman suggested that during the discussion the participants should try to

concentrate on three issues:

1. The credibility and integrity of the process of oversight and technical review.
2. The interface with non-technical aspects and society.

3. The situation of the politicians on the national and on the local level, for example
how to avoid to have the decision-makers in the hands of the experts.

Lars Högberg, SKI commented on the speech made by Olof Söderberg at the
beginning of the panel discussion saying that in his comment the day before he "did
not intend to imply that SKN do not need technical competence. Of course they do
have to be able to comprehend and evaluate the detailed technical reviews that are
coming in". Comparing the role of SKN to other "more or less" technical review
boards, he said, "SKN has a special role in that they have an oversight of the
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whole decision making strategy, and to me this is not a soft issue. It is the hardest

issue of them all."

The Chairman asked the audience their opinion on whether the character of review
teams and committees will change over time and if so what kind of changes could
beforeseen.

Olof Söderberg, SKN answered that he believed that the nature of the reviews of

today will change over time, "the role of a review organization like the SKN will be

different in say ten years' time, but how different it will be I would not dare to

guess today. One must be open to changes all the time."

1

The Chairman wondered whether, in some years, the focus would be more on

"what you have been calling soft questions."

Olof Söderberg, SKN thought that "we are on the right track now, when we devote

more attention to the role of the social sciences... but on the other hand we are still

trying to find the right path."

Sten Bjurström, SKB turned to Patrick Domenico: "You said that if there is a void
in the management capacity it will be filled by the review board.... This sharing of
responsibilities is a very tricky balance." He went on saying that there are good
reason for the review boards beeing "watchdogs or wastewatcher" of society, and
"also looking after the money", and asked for comments on this issue of balance
between those beeing responsible for carrying out a programme and the reviewers.

Patrick Domenico, NWTRB answered to Sten Bjurstöm by stressing that "us

taking that role" (of leadership in the Programme) "is quite all right, provided that

we maintain independence". Otherwise, he continued, "the review, no matter how

good, will not lead to any public acceptance at all. But we do not make out the

budget... we have not the power to change it, we can just ask".

Les Shemilt, TAC: "But if you are managing it, how do you retain independence
with regard to a programme that is now yours?'"

Patrick Domenico, NWTRB: "... by being totally above board and honest with all
parties", the State of Nevada or the Federal government. "We do maintain indepen-
dence. We have to."

Don Deere, NWTRB described how in the beginning there had been different

opinions among the board members on two topics.
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The first was whether or not the Board should be involved in management. He

concluded: "I would say that we have tried to stay out of management... it is only

in one or two cases where we have pushed a point; when we did not think that they

should cut a particular expenditure in an area to the point they were planning".

Don Deere then turned to the second case, "how deep should we become
involved in the sociological problems, socio-economics particularly?" He
mentioned that a council from a small town near Las Vegas had asked the NWTRB
to intervene with DOE to see to it that the town was provided with enough support
to provide the necessary services, roads, sewage etc if the studies would show that
the candidate site at Yucca Mountain finally was approved. "We i.ad a debate on
that question and the decision finally was ... this was not part of the technical and
scientific evaluation. It was an important subject and we were certain that it should
be treated, but we did i.ot think it should come under our particular activities."

'Those were two of the toughest decisions that we have made", he continued.
"We have tried to stay out of both of them, but really, you cannot stay out of both
of them, you are going to be involved on some basis, and we just try to keep it as
marginal as we can. But there are differences of opinion within the Board".

Patrick Dnmenico, NWTRB: "What I meant was not that we went out to do this,
what 1 really meant was a de facto situation. What can I say when we make several
suggestions to change the plans - and they concur with all of them!"

Sten Bjurström, SKB thought that the first priority for a review board should be to

act as auditors and said that "usually people in a company follow very carefully the

advice of the auditors."

Olof Söderberg, SKN pointed out that in Sweden "we have a special situation
which is rather tricky to balance... On the one hand SKB and the utilities are
economically responsible for what should be done and on the other hand we are to
reimburse them for their costs. ... We must make an independent evaluation
whether the money is spent in a good way. And this is no problem as long as we
agree upon what should be done, but it could be a problem if, for example, we
suggest that things should be done that SKB do not find necessary to do. This has
not yet happened, but it could ... happen".

E%on Freeh, AECL, said that he liked "to offer something for Mr Carlsson and his
quest for some assistance in how a local municipality can become involved without
becoming completely dependent on the proponent. I think it has a great deal to do
with the role of oversight in non-technical aspects of our society, because it is the
community leaders that are very much involved in these non-technical aspects." He
suggested that "there are two things involved in coming to the point of
implementing the disposal technology." One is "a general tolerance by society at
large of the risks that will be involved." The other is "a specific acceptance by the
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local community of the risks that will be involved for it and the judgement that there

is a positive risk-benefit ratio in it."
Egon Freeh went on saying that it is very difficult for a local councillor or for a

group of local politicians to make those judgements if they only have one piece of
advice or if they do not know where to tum for information. He considered it to be
very important that the local community is in control and suggested the formation
of a local community oversight panel. This panel could be provided with funds
from the industry or from a government agency enabling it to seek and pay for
technical or other advice. "If the community is given money with no strings
attached ", he said, "maybe they will hire your worst critics and prepare a real
tough case against you. But my suggestion is that if you do make the thing
voluntary, then any community that has enough interest to pursue the situation ...
are likely to seek some good, sound, independent advice to help them in making
their decision."

Torsten Carlsson , Oskarshamn thanked Egon Freeh for his suggestions and
pointed out that that in his opinion the local security committee of Oskarshamn was
beeing kept very well informed by the govenment agencies as well as by SKB and
the power company. One of the tasks of the local security committee is to forward
this information locally. To have people come and listen to this information is,
according to Torsten Carlsson, often a problem.

The Chairman explained that there are local security committees in all municipalities
where there are nuclear power plants, and that these committees are financed by the
government. "They can use the money as they choose, but it is not very much
money". She was aware that the present level of funding does not allow the hiring
of special consultants but indicated that, "during a decision process" this matter
could be reconsidered.

Olof Söderberg, SKN declared that SKN would strongly support such demands.

Egon Freeh, AECL pointed out that in the United States this process has been used
"in the form of giving funding so that the States and the affected Indian tribes could
do exactly this kind of oversight work. The difficulty in the United States was that
the participation of the affected States was not voluntary and they did in fact use the
money to vehemently oppose of the DOE proposals".

Patrick Domenico, NWTRB. "It is called 'fair play'!"

Les Shemilt, TAC referring to the speakers of that day, said he had noted that three
of them explicitly and the other two implicitly "dealt with the question of whether
the technical review of nuclear waste activities are different from any other technical
review". Saying that to him this seemed to be a very crucial question he asked the
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audience: "Why is it, if so, that nuclear waste review is different. Is it because the
whole nuclear waste problem and proposition is that different technically, or are
there other inherent aspects of it that create a different situation for review?"

Egon Freeh, AECL discussed "What if we had to use these processes for
everything society wants to undertake? If we want to build a highway from A to B.
... You cannot make it entirely voluntary for all the people who live between. ...
We need to run our society to provide the greatest good for the greatest number of
people. If somebody's rights are are somehow trodden upon we offer due compen-
sation, but still society has to function and go ahead". He concluded saying that as
this way of proceeding has not worked in the case of nuclear waste disposal it
shows that this case is special. 'The mechanisms that we have used in the past to
overcome these kinds of problems do not work in this situation and we really need
to invent new mechanisms".

Antti Vuorinen, STUK pointed out that in his opinion nuclear waste problems are
different from other waste problems at least in one respect: "There is an extreme
political interest in those materials that could possibly be used for nuclear
explosives". There are ethical and moral aspects on these issues. He also suggested
that the direct influence of ionizing radiation on the genetic make-up might be
another reason why nuclear waste is looked upon differently; even though most
people know that also some chemicals have the same effect.

The Chairman called attention to the fact that it is also difficult today in Sweden to
get a new site for disposal of other wastes. After discussing whether the feelings of
scepticism people have about toxic, chemical and other dangerous wastes also
include nuclear waste she concluded: "How should we ever reach, I mean this is
the pessimistic view, how should we ever reach consensus then to have radioactive
waste disposal?"

Torsten Carlsson. Oskarshamn, confessed that he was a bit worried because he felt
that he and a lot of other local politicians are not prepared for how to handle the
possible situation of beeing told that a site in "their" municipality is the one chosen
for the repository. "What kind of discussions will we have? It is very difficult to
know. I think it will be worse than we think!"

Sten Bjurström, SKB pointed out that one positive thing in connection with nuclear
waste and local debates is that it certainly will be "investigated in details before you
make any kind of decision".

Torsten Carlsson, Oskarshamn once more reminded the audience that this is a big

problem.for local politicians and local municipal authorities.
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The Chairman asked if it would be easier to accept a waste repository if there was
bigger acceptance in society for nuclear power production. Would people then "see
the benefits and not only the risks?"

Sven Ove Hansson, SKN pointed to the fact that social studies show a very close
connection between people's opinions on nuclear power and their opinions on
nuclear waste. "It is surprisingly unusual for people to have very different opinions
on these two issues". He saw two possibilities for reaching consensus on how to
handle nuclear waste. One of them, he said, is the one mentioned by the Chairman,
that "everybody will agree that nuclear power is fine." The other possibility is to
cease the use of nuclear power. In a country with no nuclear power plants "it
would be much easier to reach consensus on a solution of the waste issue".

Lars Högberg, SKI reminded the audience that "the previous time we had a real
tough conflict over the waste issue was 1976-79, when the government broke up
over this issue". But, he said, when as a result of the referendum "there was an
acceptance of the present nuclear programme. The new government interpreted that
outcome also as an acceptance of the waste solution proposal" (Government
Declaration of October 12, 1979; Fuel Loading Permits for Forsmark 1-2 and
Ringhals 3-4 of April 10, 1980).

Don Deere, NWTRB started by telling the story about when some years ago DOE
asked the different States for proposals to host the superconducting supercolUnder.
It was relatively unknown what might happen in the facility but it was apparent that
the large number of research activities was going to bring a large number of
scientists both from the United States and from a number of other countries to the
host State. 37 States made proposals and when the State of Texas was chosen for
the location of the facility the other 36 States felt like losers.

Maybe DOE learned someting from this, Don Deere continued, referring to the
negotiator appointed by DOE (according to the 1987 Amendment to the Nuclear
Waste Policy Act), who is given "the opportunity to go to States or to Indian
nations and say: if you are interested in an interim storage facility tell me what kind
of package we can put together to make such a facility economically,
environmentally and socially acceptable to your community. The negotiator is
working to involve the community from the outset so that the community
determines the benefits that go with interim storage. The point I wish to make is
that through this effort the negotiator is trying to make interim storage acceptable.

Olof Söderberg, SKN closed the session and the symposium by thanking all
participants for their contributions. He specially emphasized one conclusion from
the symposium, "that is that SKN's present interest in the social field is justified.
We shall continue here and continue lo analyse and develop the role of those
sciences in the decision-making process on nuclear waste disposal."
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Appendix 3

Reports published by
the National Board for Spent

Nuclear Fuel, SKN

NAK RAPPORT 1 SAMMANSTÄLLNING AV NUKLEÄRA KÄLLDATA FOR
ANVÄNT KÄRNBRÄNSLE

(Compilation of Nuclear Source Data for Spent Nuclear Fuel)

Göran Olsson
Studsvik Energiteknik AB, april 1983

(19 pages of tables and diagrams, Swedish text)

NAK RAPPORT 2 MATERIAL OCH PROCESSUTVECKLING FÖR DIREKT
SLUTFÖRVARING AV ANVÄNT KÄRNBRÄNSLE

(Material and Process Development of Ceramic Encapsulation of Spent
Nuclear Fuel for Disposal)

Caj Airola
Studsvik Energiteknik AB, november 1983

(119 pages mainly on engineering aspects of ceramic encapsulation,
in Swedish)

NAK REPORT 3 ENCAPSULATION OF SPENT NUCLEAR FUEL IN CERAMIC
MATERIALS. AN INTRODUCTORY STUDY

S Forsberg, T Wcstermark
Department of Nuclear Chemistry, The Royal Institute of
Technology, Stockholm, Sweden, March 1983

(37 pages mainly on material properties, in English)

NAK RAPPORT 4 INTERNATIONELL UTVECKLING FÖR KOMMERSIELL
UPPARBETNING AV KÄRNBRÄNSLE, BEHANDLING AV
UPPARBETNINGSAVFALL OCH ÅTERANVÄNDNING AV
PLUTONIUM

(International Devebpment of Commercial Reprocessing of Spent Nuclear
Fuel, Treatment of Reprocessing Wastes and Recycling of Plutonium)

Göran Carlcson, Åke Hultgrcn
Studsvik Energiteknik AB, mars 1983

(44 pages in Swedish)
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NAK RAPPORT 5 SAMMANSTÄLLNING OCH VÄRDERING AV UTLÄNDSKA
SÄKERHETSSTUDIER ÖVER SLUTFÖRVARING AV
KÄRNBRÄNSLEAVFALL

(Review of Foreign Safety Studies on Disposal of Spent Nuclear Fuel
Waste)

Ragnar Gelin
Studsvik Energiteknik AB, april 1983

(109 pages in Swedish)

NAK RAPPORT 6

NAK RAPPORT 7

NÅGRA HUVUDINRIKTNINGAR INOM MODERN RISKTEORI

(Some Main Trends in Recent Development of Risk Theory)

Nils-Eric Sahlin
AB Epistemc, Lund, juli 1983

(23 pages in Swedish)

RISK PÅ LÅNG SIKT OCH DISKONTERING AV RISK

(Risk in the Long Term and Discounting of Risk)

Bengt Hansson
AB Epistemc, juli 1983

(17 pages in Swedish)

NAK RAPPORT 8

t

RISK PA LANG SIKT OCH DISKONTERING AV RISK I
SAMBAND MED FÖRVARING AV RADIOAKTIVT MATERIAL

(Long Term Risk and Discounting of Risk in Relation to Disposal of
Radioactive Materials)

Ola Svenson, Gunnar Karlsson
Stockholms universitet, september 1983

(43 pages in Swedish)

NAK RAPPORT9 UPPFÖLJNING AV UTLÄNDSKA SÄKERHETSSTUDIER ÖVER
SLUTFÖRVARING AV KÄRNBRÄNSLEAVFALL

(Review of Foreign Safety Studies on Disposal of Spent Nuclear Fuel
Waste)

Ragnar Gclin
Studsvik Energiteknik AB, juni 1984

(40 pages in Swedish)
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NAK RAPPORT 10 INTERNATIONELL UTVECKLING AV MELLANLAGRING OCH
UPPARBETNING AV ANVÄNT KÄRNBRÄNSLE SAMT
PLUTONIUMÅTERFÖRING

(International Development of Intermediate Storage and Reprocessing of
Spent Nuclear Fuel and on Recycling of Plutonium)

G Carleson, Å Hultgrcn
Studsvik Energiteknik AB, augusti 1984

(56 pages in Swedish)

NAK REPORT 11 THE DISPOSAL OF HIGH-LEVEL RADIOACTIVE WASTE 1984,
Vol. I and II

Frank L Parker, Robert E Broshears, Janos Pasztor
The Beijer Institute of the Royal Swedish Academy of Sciences
October 1984

(Vol I116 pages, Vol II209 pages, in English)

NAK RAPPORT 12 KÄRNBRÄNSLENÄMNDENS FORSKNINGSINVENTERING
1983 -1984
DEL I SLUTRAPPORT
DEL II FORSKARUTLÅTANDEN

(An inventory of research needs
Vol I Summary and Conclusions, 30 pages
Vol II Research proposals, 196 pages)

The report identifies knowledge gaps and presents proposals on items
which ought to be addressed in the on-going Swedish research programme
on disposal of spent nuclear fuel
(in Swedish)

Clas-Otlo Wenc et al, december 1984

NAK RAPPORT 13 RISKFORSKNING OCH BESLUT OM RISKER

(Risk Research and Decisions about Risks)

Sven Ove Hansson, februari 1985

(14 pages in Swedish)

NAK RAPPORT 14 UPPFÖLJNING AV UTLANDSKA SÄKERHETSSTUDIER ÖVER
SLUTFÖRVARING AV KÄRNBRÄNSLEAVFALL

(Review of Foreign Safety Studies on Disposal of Spent Nuclear Fuel
Waste)

Ragnar Gclin
Studsvik Energiteknik AB, april 1985

(37 pages in Swedish)
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NAK RAPPORT 15 UPPFÖLJNING AV DEN INTERNATIONELLA UTVECKLINGEN
AV MELLANLAGRING OCH UPPARBETNING AV ANVÄNT
KÄRNBRÄNSLE

(International Development of Intermediate Storage and Reprocessing of
Spent Nuclear Fuel and on Recycling of Plutonium)

Göran Carlcson
Studsvik Energiteknik AB, juni 1985

(39 pages in Swedish)

SKN REPORT 16 NAK WP-CAVE PROJECT - REPORT ON THE RESEARCH AND
DEVELOPMENT STAGE, MAY 1984 TO OCTOBER 1985

Boliden WP-Contech AB, November 1985

(129 pages in English)

SKN REPORT 17 TECHNICAL AND SOCIO-POLITICAL ISSUES IN
RADIOACTIVE WASTE DISPOSAL 1986

Vol I Safety, Siting and Interim Storage (184 pages)
Vol IA Appendices (197 pages)
Vol II Subscabed Disposal (95 pages)

Frank L Parker, Roger E Kasperson, Tor Leif Andersson,
Stcphan A Parker
The Beijer Institute of the Royal Swedish Academy of Sciences,
November 1987

SKN RAPPORT 18 INTERNATIONELL UTVECKLING INOM KÄRNBRÄNSLE-
CYKELN MED TYNGDPUNKT PÅ TRANSPORTER OCH
SAFEGUARDS

(International Development within the Spent Nuclear Fuel Cycle with
Emphasis on Transports and Safeguards)

Karin Brodén, Göran Carlcson, Åke Hultgrcn
Studsvik Energiteknik AB, november 1987

(52 pages in Swedish)

SKN REPORT 19 RISK DECISIONS AND NUCLEAR WASTE

Sven Ove Hansson
The National Board for Spent Nuclear Fuel, November 1987

(38 pages in English)

SKN REPORT 20
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TIME ORIENTATION, PLANNING HORIZONS AND
RESPONSIBILITY INTO THE FUTURE

Ola Svenson, Göran Nilsson
University of Stockholm, January 1988

(40 pages in English)



SKN REPORT 21 PSYCHOLOGICAL ASPECTS OF NUCLEAR WASTE DISPOSAL:
Long time perception and the question of discounting of risks

Gunnar Karlsson, Ola Svenson
University of Stockholm, January 1988

(40 pages in English)

SKN RAPPORT 22 KÄRNKRAFT OCH RADIOAKTIVT AVFALL: Riskperception och
attityder hos gymnasieelever i Stockholm

(Nuclear Power and Radioactive Waste: Risk Perceptions and Attitudes of
High-school Students in Stockholm, Sweden)

Britt-Marie Drottz, Lennart Sjöberg
Psykologisk Metod AB, Stockholm, januari 1988

(150 pages in Swedish)

SKN RAPPORT 23 ATTITYDER TILL RADIOAKTIVT AVFALL

(Attitudes to Radioactive Waste)

Lennart Sjöberg, Britt-Marie Drottz
Psykologisk Metod AB, Stockholm januari 1988

(160 pages in Swedish)

SKN RAPPORT 24 OPINIONSBILDNING I KÄRNKRAFTENS AVFALLSFRÅGA:
Mediestudierna - teoretiska utgångspunkter och empiriska
undersökningar

(Formation of Public Opinion on the Question of Nuclear Waste: Media
Studies - Theoretical Premisses and Empirical Investigations)

Kent Asp, Per Hedberg
Göteborgs Universitet, juni 1988

(12 pages in Swedish)

SKN RAPPORT 25 SAMHÄLLSDEBATT I ENERGI- OCH KÄRNKRAFTSFRAGOR:
Utbudet av skrifter och tidskriftsartiklar om kärnavfall, kärnkraft
och energiförsörjning under åren 1971-1987

(Public Debate on Questions of Energy and Nuclear Power: Books and
Articles on Nuclear Waste, Nuclear Power and Power Supply during the
Years 1971-1987)

Monica Djcrf
Göteborgs universitet, juni 1988

(46 pages in Swedish)
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SKN RAPPORT 26 BIBLIOGRAFI: Utbudet av skrifter och tidskriftsartiklar om
kärnavfall, kärnkraft och energiförsörjning under åren 1971-1987

(BIBLIOGRAPHY: Books and Artides on Nuclear Waste, Nuclear Power
and Power Supply during the Years 1971-1987)

Monika Djcrf, Per Hedberg
Göteborgs universitet, juni 1988

(44 pages in Swedish)

SKN RAPPORT 27 INTERNATIONELL UTVECKLING INOM KÄRNBRÄNSLE-
CYKELN

(International Development within the Spent Nuclear Fuel Cycle)

Karin Brodén, Åke Hultgrcn
Studsvik Nuclear, mars 1988

(80 pages in Swedish)

SKN RAPPORT 28 ETIK OCH KÄRNAVFALL: Rapport från ett seminarium om
ETISKT HANDLANDE UNDER OSÄKERHET i
Stockholm den 8-9 september 1987

(Ethics and Nuclear Waste: A report from a seminar on Ethical Action in
the Face of Uncertainty in Stockholm, Sweden, September 8-9,1987)

Mars 1988

(210 pages in Swedish)

SKN REPORT 29 ETHICAL ASPECTS ON NUCLEAR WASTE: Some points
discussed at a seminar on Ethical Action in the Face of Uncertainty in
Stockholm, Sweden, September 8-9,1987

April 1988

(14 pages in English)

SKN RAPPORT 30 SVENSKA FOLKETS ÅSIKTER OM KÄRNKRAFT OCH
SLUTFÖRVARING EFTER TJERNOBVL

(Opinions of the Swedish People on Nuclear Power and Final Disposal of
Nuclear Waste after Chernobyl)

Sören Holmberg
Göteborgs universitet, oktober 1988

(41 pages in Swedish)
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SKN RAPPORT 31 INTERNATIONELL UTVECKLING INOM KÄRNBRÄNSLE-
CYKELN

(International Development within the Nuclear Fuel Cycle)

Karin Brodén, Ragnar Gelin
Studsvik Nuclear, februari 1989

(60 pages in Swedish)

SKN RAPPORT 32 TEKNIK OCH POLITIK KRING FÖRVARING AV RADIO-
AKTIVT AVFALL. EN INTERNATIONELL JÄMFÖRELSE

(Short version in Swedish of SKN Report 17)

Tor Leif Andersson
Mars 1989

(24 pages in Swedish)

SKN RAPPORT 33 INTERNATIONELL UTVECKLING INOM KÄRNBRÄNSLE-
CYKELN

(International Development within the Nuclear Fuel Cycle)

Ingrid Aggeryd, Karin Brodén, Ragnar Gelin
Studsvik Nuclear, januari 1990

(63 pages in Swedish)

SKN RAPPORT 34 FINNS DET SÄKRA SVAR? Rapport från ett seminarium om
DEN NATURVETENSKAPLIGA KUNSKAPSBASEN FÖR
SLUTFÖRVARINGEN AV DET ANVÄNDA KÄRNBRÄNSLET
i Saltsjöbaden den 5 - 7 september 1989

(Are there Safe Answers? A Report from a Seminar on the Scientific Basis
for the Disposal of Spent Nuclear Fuel in Sweden, Saltsjöbaden 5 - 7
September 1989.)

Tor Leif Andersson (cd.)
Tellus Energi AB, mars 1990

(296 pages in Swedish)

SKN REPORT 35 VIEWS ON THE CALCULATION OF FLOW AND DISPERSION
PROCESSES IN FRACTURED ROCK

Lennart Jönsson
University of Lund, March 1990

(57 pages in English)

SKN REPORT 36 WATER FLOW CHARACTERISTICS OF ROCK FRACTURES

Lennart Jönsson
University of Lund, March 1990

(54 pages in Swedish)
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SKN REPORT 37 MODELLING OF FLOW AND CONTAMINANT MIGRATION IN
SINGLE ROCK FRACTURES

Peter Dahlblom, Lennart Jönsson
University of Lund, March 1990

(54 pages in Swedish)

SKN REPORT 38 REPROCESSING IN SWEDEN: HISTORY AND PERSPECTIVE

Å Hultgren,CGÖsterlundh
Studsvik Nuclear, August 1990

(32 pages in English)

SKN RAPPORT 39 SEDIMENTÄR BERGGRUND SOM HYDRAULISK BARRIÄR,
FÖRSTUDIE

(Sedimentary Rocks as Hydraulic Barrier)

Kaj Ahlbom, Jan-Erik Andersson, Leif Carlsson, Sven Tirén,
Anders Winbcrg
Sveriges Geologiska AB, december 1990

(110 pages in Swedish)

SKN RAPPORT 40

V "

EN KVALITATIV STUDIE I LEKMANS UPPLEVELSE AV RISK I
SAMBAND MED OMHÄNDERTAGANDE AV KÄRNAVFALL

(A Qualitative Study oflMymens' Experiences of Risk in Connection With
Storage of Nuclear Waste)

Gunnar Karlsson, Anneli Ljungberg
Stockholms universitet, december 1990

(36 pages in Swedish)

SKN REPORT 41 AN OVERVIEW OF DECISION THEORY

Sven Ove Hansson
Uppsala University, January 1991

(60 pages in English)

SKN RAPPORT 42 SKNS GRANSKNING AV FÖRUNDERSÖKNINGARNA INFÖR
BYGGANDET AV ÄSPÖLABORATORIET

(SKN's review of the preinvestigations for the Äspö Hard Rock
Laboratory)

Kai Palmqvist, BERGAB
Tommy Olsson, Goldcr Gcosyslcm AB
Januari 1991

(108 pages in Swedish)
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SKN RAPPORT 43

SKN RAPPORT 44

GEOGASTRANSPORTI BERG, FÖRSTUDIE

(Geogas - a carrier or a tracer?)

Hans-Peter Hermansson, Jan Chysslcr, Studsvik AB
Gustav Åkerblom, Anders Linden, Sveriges Geologiska AB
Januari 1991

(43 pages in Swedish)

INTERNATIONELL UTVECKLING INOM KÄRNBRÄNSLE-
CYKELN

(International Development within the Nuclear Fuel Cycle)

Ingrid Aggeryd, Åke Hultgren, Karin Brodén
Studsvik Nuclear, februari 1990

(44 pages in Swedish)

SKN RAPPORT 45 OSÄKERHET OCH BESLUT, RAPPORT FRAN ETT
SEMINARIUM OM BESLUT UNDER OSÄKERHET I
ANKNYTNING TILL KÄRNAVFALLSFRÅGAN PÅ
HÄSSELBY SLOTT, DEN 4-6 APRIL 1990

(Decisions in the Face of Uncertainty. A report from a seminar on
decisions in the face of uncertainty in connection with nuclear waste in
Stockholm. Sweden, April 4-6, 1990)

Redaktörer: Christian Munthe och Folke Tersman
Statens kämbränslcnämnd, februari 1991

(100 pages in Swedish)

SKN RAPPORT 46 RISKUPPLEVELSER I SAMBAND MED LOKALISERING AV
ETT SLUTFÖRVAR FÖR ANVÄNT KÄRNBRÄNSLE

(Experiences of Risk in Connection with Site Selection for a Repository for
Spent Nuclear Fuel)

Anders Biel och Ulf Dahlstrand
Göteborgs universitet, mars 1991

(57 pages in Swedish)

SKN RAPPORT 47 KÄRNAVFALLSFRAGAN I SVENSKA MASSMEDIER

(The Nuclear Waste Issue in Swedish Mass Media)

Per Hedberg
Göteborgs universitet, april 1991

(74 pages in Swedish)
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SKN REPORT 48 THE IMPACT OF PARTY ON NUCLEAR POWER ATTITUDES IN
SWEDEN

Sören Holmberg
Göteborg University, April 1991

(38 pages in English)

SKN RAPPORT 49

SKN RAPPORT 50

SKN REPORT 51

SKN REPORT 52

SKN REPORT 53

KÄRNAVFALL OCH SAMHÄLLSFORSKNING

(Nuclear Waste and Social Science Research)

Christian Munthc och Folke Tcrsman
Statens kämbränslenämnd, april 1991

(70 pages in Swedish)

KVINNOR, MÄN OCH KÄRNKRAFT

(Women, Men and Nuclear Power)

Maria Oskarson
Göteborgs universitet, augusti 1991

(60 pages in Swedish)

GEOGAS - A CARRIER OR A TRACER?

Hans-Peter Hermansson, Jan Chyssler, Studsvik AB
Gustav Åkerblom, Anders Linden, Sveriges Geologiska AB
October 1991

(66 pages in English)

GEOGAS IN CRYSTALLINE BEDROCK

Hans-Peter Hermansson, Studsvik AB
Rolf Sjöblom, Statens kämbränslenämnd
Gustav Åkerblom, Sveriges Geologiska AB, nu på SSI
October 1991

(32 pages in English)

IS THERE A DEFINITIVE ANSWER? The Scientific Base for the
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a report (SKN 34) of a seminar held at Saltsjöbaden, Sweden on
September 5-7th, 1989.

J. A. T. Smcllie
Contcrra AB, October 1991

(43 pages in English)
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SKN REPORT 54

SKN REPORT 55

SPECIALIST MEETING ON ACCELERATOR-DRIVEN
TRANSMUTATION TECHNOLOGY FOR RADWASTE AND
OTHER APPLICATIONS
24-28 June 1991, Saltsjöbaden, Stockholm Sweden

Compiled by: R. A. Jameson
Los Alamos National Laboratory, USA, November 1991

(798 pages in English)

NUCLEAR WASTE MANAGEMENT REVIEW WORK
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The Swedish nuclear power
programme

A tier the 11>S|) referendum on nuclear now cr. ihc Riksdag decided lhal nuclear power in
Sweden would be phased out no later than the year 2010 and that the number of reactors
would be limited 10 twelve. Since 1^85, these reactors have all been in operation at the
nuclear power plants in Barsebäck. F:orsmark. Oskarshamn and Ringhals.

Different kinds of radioactive waste

Different kinds of radioactive waste are generated during the operation of
a nuclear power plant - low-level waste, intermediate-level waste and
high-level waste.

L()\V- AM) INTI-RMf.DI.Vn.-l.JM-l. WASH-

Low- and intermediate-level waste arising from the continuous operation of a nuclear
power plant are known by the common name of reactor waste. Reactor waste consists of
scrap material and metal, protective matting, clothing and suchlike which are used within
the controlled areas of the nuclear power plants This waste also consists of filter material
which is used to trap radioactive substances in the reactor coolant. The radiation level of
low-level waste is so low that it can be handled without any particular safety measures and
so ii is packed in plastic bags or sheet metal drums. However, certain protective measures
are required when handling intermediate-level waste. This waste is cast in concrete or
asphalt.

In the spring of ll)SS, SIR ithe final repository for reactor waste) was taken into
service. SIR is located under the seabed near to Forsmark nuclear power plant. The
utilities plan to deposit all reactorwasle as well as low and iniermedialc-levcl waste from
decommissioning in SFR.

Hi(iH-i.i:vi.i. WASH-

High-level waste mainly consists of spent nuclear fuel. i.e. fuel elements in which so many
of the fissile atoms are spent that the elements can no longer be used. I lowcver, the spent
fuel still generates heal on account of its radioactivity and must be cooled. The fuel is,
therefore, stored in special pools filled with water in the reactor building for at least one
year. The fuel is then transported by a specially built ship, called Sigyn. to ("LAB (the
central interim storage facility for spent nuclear fuel), located close lo Oskarshamn
nuclear power plant. ('LAB was taken into service ll)Sf>. Since the radiation level is very
high, the fuel is transported in specially built containers. The walls of the containers are
made of thick steel so as to shield the personnel and surroundings from harmful radiation
and to protect the fuel from damage.

The luel is then placed in storage pools in an underground room at ('LAB where it will
be stored for al least forty years. During this lime, the radioactivity and the heal generated
by the fuel will decline thereby facilitating handling and disposal of the fuel.



THE NATIONAL BOARD FOR SPENT NUCLEAR FUEL

One of the main tasks of the National Board for Spent Nuclear Fuel (SKN)istoreview

the utilities' research and development programme for ihe management of spent

nuclear fuel and for the decommission ing of the nuclear power plants. The Board also

supervises the way in v hich the utilities cany out the programme. In order to

accomplish this task. The Board keeps abreast with international research and de-

velopment work within the area and initiates such research that is important to its own

supervisory functions. The research conducted by the Board is both scientific/

technical and sociological in nature. The results from this research are published in

the SKN Reports series. A list of published reports is available at the end of each

publication.

Another of the Board's main tasks is to handle issues concerning the financing of

costs within the area of nuclear waste. l-!ach year, the Board estimates the size of the

tee !»> be paid by the utilities to cover the current and future costs of waste manage-

ment. The proposal on fees for the coming year is reported in SKN PLAN, which is

submitted to the government before the end of October.

The Board is also responsible for seeing that the public is granted insight into the

work on the safe disposal of spent nuclear fuel. The Board will continually issue short

publications on this matter in the series. DISPOSAL OI- SPHNT NL'CLI-AR RJKL.

The following publications have so far been issued:

\ \

1. Comments on the research programme for Il^S6. (In Swedish)

2. ( Now replaced by number 5)

.v I lov. do we choose a suitable site for a final repository? (In Swedish)

4. Radioactive waste: technology and politics in six countries. (In Swedish)

5. This is how nuclear waste management is financed. (In Swedish and Hnglish)

6. Hvaluation of SKB's research programme S9. (In Swedish)
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