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June 28, 1993

The Swedish Radiation Protection Institute's
Review of

The Swedish Fuel and Waste Management Company's Research Program 1992

A summary

Mikael Jensen

1 Introduction

Every third year, the Swedish Fuel and Waste Management Company, SKB, presents
its research program. The following is a summary of a review made by the Swedish
Radiation Protection In s t a t e , SSI, of SKB's program for research, development and
demonstration presentee1 } i 1992. SKB's research program is available in English from:
The Swedish Fuel and * r 4 3 Management Company, SKB, Box 5864, S-102 48,
Stockholm, Sweden. S' ' r< view, published as "SSI-Rapport 93-Uf1, is available in
Swedish from the Inst.»- „* C~

SSI's suggestions are C v/ rious kinds. Some are descriptions of investigations SKB
will have to do later or r the licensing process, some are remarks of a more general
nature and some sugg' Uons are directed to the Swedish government. The research
program formally cov s the next 6-year period, but the presented program also
sketches SKB's actr \ us through the whole period up to the time of closure of the
repository schedulea ' J take place in the middle of the next century.

During this period, n» w fields must be researched, which will require new areas of
competence. SSI stro» :ly emphasizes the importance of a continued high quality of
waste management ki nil steps towards • and including - the final waste disposal. SSI
takes the view that SxIS possesses both the skill and the resources which are
necessary to implement the suggestions made by the Institute.

In the following, nuclear waste refers to spent fuel.



2 SSI's review of SKB's research program

SSI's review of SKB's research program is summarized in 19 statements, which are
given below, followed by short comments.

Suggestions directed to the government.

SSI suggests that the government

• Reviews the existing legislation.

The early phases of the waste program were dominated by research rather than
production of facilities to be licensed. The Swedish Act of Nuclear Activities
therefore contains provisions for regulation of research in general. SKB's
present research program, however, has reached the point where it is
dominated by actions which may be regulated by traditional means of licensing.
Soon, most of SKB's research will be carried out in order to answer questions
related to stipulations in the licensing of a nuclear installation such as an
encapsulation plant.

It must therefore be assumed that for SKB's next research program in 1995, the
need to direct research in general, such as the width of the research program,
will be minimal, and may easily be provided for in the licensing of planned
actions and installations.

Asks for a follow-up presentation by SKB in the middle of the period from 1992 to
1995.

In view of what is said above, it seems reasonable to phase out the importance
of the research program presentation and move to - less formalized • yearly
summaries. It would be valuable - after the review process and after the
government's proposals have been made to SKB • to learn what impact the
review process has had on SKB's program.

Considers an extensive evaluation open to the public on two important occasions

Before the decision is taken to characterize two final candidate sites

After the demonstration disposal

SKB plans to make site investigations in a large number of places before the
decision is made to make one or two full scale site characterizations. After a
site has been chosen, and about 10% of the waste has been deposited, a new
evaluation is to be made. SKB calls the first phase of waste disposal
"demonstration disposal". The demonstration phase has the character of a large
information project.



Gives the local communities resources so that they can make independent
evaluations of SKB's suggestions.

Suggestions directed to SKB.

SSI suggests that SKB

• Presents and discusses a strategy that includes intrusion, retrievability and
repairability.

It is worthwhile for society to reflect on all the motives for disposal of the
nuclear wastes. Some aspects of the strategy for repository design may depend
on the view of the concepts related to future human actions mentioned above.
The size of the necessary effort used in information conservation for future
societies is related to the assessment of the value of deterring future
inadvertent intrusion, for example.

• Continues the work regarding quantitative calculations for a period of e few
thousand years into the future.

During this period cesium-137 and strontium -90 cease to be a major problem
and the waste's total activity decreases by more than a factor of 100.

• Discusses long-lived nuclides in the same terms as other stable toxic wastes.

For nuclides such as plutonium-239 the toxicity does not change much during
the first 10 000 years. Just as stable toxic agents, they cannot be guaranteed to
remain isolated behind the repositories' barriers for all eternity but a
repository constructed according to a licensing procedure may still represent the
best strategy for keeping these elements isolated from man and the
environment.

The Institute does not have confidence in calculations of the performance of
man-made engineered constructions in a geological time perspective as the sole
foundation for the environmental impact assessment. Calculations may be seen
as a tool assisting in a descriptive qualitative presentation of a repository in the
long term, such as 10 000 years.

• Investigates the consequences of a prolonged interim storage of the fuel in the
central storage facility in Oskarshamn.

This investigation should describe the problems of a prolonged interim storage.
The investigation also gives a basis for determining the maximum period after
which the waste must be disposed of.



Investigates the problems of a near-surface alternative disposal.

As described in the letter to the government, SSI does not recommend such a
solution but it would be valuable to explicitly describe the problems associated
with a repository where the waste would be monitored and more easily
retrieved.

Gives a clearer basis for decisions, for example by presenting decision analysis
studies, for siting and choice of the repository concept.

Examples of work involving the social sciences are the formal expert judgement
elicitation studies made by Sandia National Laboratories in the USA for a
repository in Carlsbad, New Mexico.

Especially important are choices between conflicting goals such as:

1. The choice in the conflict between an early disposal which isolates the
waste from the environment, and a delayed solution where more
knowledge might be accumulated to construct a safer repository.

2. Choice between very deep boreholes, VDH, and SKB's main alternative,
KBS 3. For the VDH option, the waste is more distant, but less is known
about the geology at great depths.

3. The doses to personnel and the public in the operational phase must be
weighed against the hypothetical doses to the public in a distant future.
It is possible, for instance, that a change in the encapsulation process
may imply small effects for the long-term stability of the capsule, but
large consequences for personnel doses in the operational phase.

The public must be informed when decisions are made regarding all the choices
above. It is especially important that the public, particularly in the local
communities which are investigated as candidate sites for the repository, can be
given a description of the rules by which the site is selected. The Institute
understands that a rigid evaluation scheme may give a too inflexible approach,
but it is necessary to give the public an understanding of the qualities which
are being evaluated. Without any criteria for site selection, there is a risk that
local communities would feel that they were played off against each other.

> Focuses its studies of alternative repository concepts on very deep boreholes.

Both the encapsulation process and the site investigations depend on what
repository alternative is chosen. It is essential that no aspects of the final
disposal is seen in isolation in the ultimate choice of the disposal concept.

The Institute accepts that SKB makes the choice between concepts closely
related to KBS 3 on pragmatic grounds. Very deep boreholes have their own
advantages and disadvantages which need to be investigated further. The
KBS 3-related alternatives presented by SKB are a variation on KBS 3 with
long and medium long deposition tunnels.



Investigates a final disposal option for the waste presently stored at the Studsvik
facility

This includes the spent fuel from the research reactor in Studsvik
manufactured in USA and meant to be disposed in USA, but for which no such
guarantees can be given today. The question of disposal of spent fuel
manufactured abroad will affect the future licensing of Studsvik's research
reactor.

Increases the effort to study personnel radiation protection in planned facilities.

SKB's program has advanced to the point where detailed studies of protection of
personnel and of the public must be carried out. All moments of the operational
phase must be studied including encapsulation, transport to and within the
repository. Both normal operation and the response to hypothetical accidents
must be studied.

Works to diminish uncertainties in modelling today's biosphere.

In biosphere modelling complex systems are described by relatively simple
models which gives large uncertainties in the results. Efforts to better
understand and model today's biosphere must be placed above a study of how
the biosphere may evolve in a distant future.

' Studies the conditions of a hypothetical outflow of radionuclides from the repository
and analyzes the consequences of hypothetical large outflows.

Such studies may be of special interest for inland sites. Permafrost and
glaciation may be considered qualitatively in such studies with due respect to
the large uncertainties for these phenomena.

» Analyses environmental effects, for instance effects on sensitive animal
populations.

According to the Swedish Radiation Protection Act, provisions must be made to
protect animal and plant populations.

» Takes into account the possible need for extra funds to make unexpected large scale
adjustments in the program after a scientific or political evaluation.

The funds are continually adjusted. After the year 2010, no additional
contributions can be expected, and at this point extra means must be available,
earmarked for such an occasion. It follows that this part of the funds must not
necessarily be used. The sum set aside this way must exceed the already
existing margin to give flexibility in the existing program.



The Institute's intentions

SSI intends to

• Stipulate conditions for an environmental impact statement required by the
Swedish legislation

• Actively keep local communities fully informed throughout this work

3 SSFs letter to the government

SSI's review was followed up by a letter to the government, containing some general
observations, some relating to questions where government policy may be valuable in
directing SKB's research.

The letter commented on some disposal alternatives:

- Transmutation

- KBS 3 (the concept suggested by SKB as their main alternative)

- Very Deep Boreholes

- A monitored near-surface repository

Transmutation and near-surface repositories

Both these options are related to a delayed final disposal in some form.

SSI perceive today's concepts of transmutation (preceded by separation) as a research
option rather than a realistic disposal option. To advocate transmutation implies
simply to advocate taking the decisive steps in the final disposal at some later point in
time. SSI suggests in its review that SKB discusses the advantages of postponing the
choice between available alternatives in order to accumulate more knowledge. If this
strategy should lead SKB to delay their program, a new decision could be made,
perhaps 50 years from now. Obviously, such an investigation would consider all
options available at that time, including transmutation.

It appears to the Institute that the time-table suggested by SKB is strained. It
presents the hypothetical first date various decisions could be taken, and not the most
likely dates. On the other hand, SSI wishes to underline the risks attributable to long
delays in the final disposal of nuclear waste, related to the risk of a negative
development of society leading to problems we can see today in the eastern countries
which have large environmental problems but insufficient resources to solve them.
This aspect should also be analyzed by SKB in social science studies.



SSI has also suggested that SKB studies the advantages and disadvantages of a near-
surface repository. Such a repository has been suggested referring to doubts raised
about the repository's long-term stability, especially in a 10 000 or 100 000 year
perspective where effects of glaciation may be important.

In contrast, SSI considers the first 1 000 years to be the most important period during
which cesium-137 and strontium-90 will have decayed almost completely. The total
radioactivity will then have decayed to less than 1 percent of the activity at the time of
the repository's closure.

If the waste can be kept separated from man and the environment for 500 - 1 000
years, the goal has been accomplished to a large degree. The problem involved in
remedial action or retrieval after 1 000 years from a deep geological disposal must be
weighed against a near-surface repository in which the waste is easily retrievable and
for which the final disposal is postponed for 50 -100 years.

The Institute maintains that these problems warrant a separate study by SKB, but
even a superficial consideration indicates that the problems are greater for a near-
surface repository.

The repository will also contain potentially dangerous and extremely long-lived
radionuclides, such as plutonium-239 with a half-life of about 24 000 years. The
Institute holds that these elements should be regarded as stable toxic contaminants,
which cannot be guaranteed to remain forever in any repository, but for which the
strategy presented still may be the best.

Risks associated with the repository's content of fissile material

A special facet of waste retrievability is whether it is considered important to direct
safeguard measures so that they not only include societies today, but also societies in a
distant future.

Such considerations should be weighed against all others in the design of the
repository. If it is considered very important to prevent a hypothetical proliferation of
fissile material also for societies in a distant future, very deep boreholes become the
predominant alternative. However, a series of societal actions may be considered for all
types of repositories in order to prevent intrusion into the repository. SSI has pointed
to the value of preserving information about the repository.

The Institute sees the seclusion of the waste - the quality of being retrieved only with
great difficulty - as a plus, but also emphasizes the margin for political decision in the
choices mentioned above.



Siting

It is important that local communities be given resources so that they can form an
opinion about the short-term and long-term effects of a repository for nuclear waste,
independent of the industry.

The Institute will spend considerable resources on stipulations for a environmental
impact assessment according to the Swedish Radiation Protection Act. The Institute is
determined to inform the local communities, and political organs at all levels,
throughout its work. A major goal of the work itself is to maintain a high level of
competence in order to give representatives from local communities and other political
decision-makers a deeper insight in the work and decisions made by SKB.

The gap in knowledge between radioactive and other toxic wastes

Never before has the difference in funding in environmental protection been greater
between the spheres of radioactive substances and stable toxic contaminants. It is
therefore important that knowledge and experience is exchanged between the two
areas. This is a task which, for formal reasons, cannot be given to SKB. The Institute
has made contacts with other authorities which are involved in the review of SKB's
environmental impact assessment and intends to encourage such transfer of knowledge
within this forum.
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Nummer Titel Författare
Number Title Author

01 Publikationer informationsenheten

02 Survey and Evaluation of the External Research Lars Persson
and Development Programme 1977-1983 of the
Swedish Radiation Protection Institute

03 SSIs granskning av SKBs forskningsprogram 1992 Mikael Jensen

04 Ett arbetsnormalinstrument för kontinuerlig radon- Hans Möre
mätning

05 L E N A P A probabflistic version of the LENA code Ulf Bäverstam
version 1.0 January 1993 Olof Karlberg

06 Studies on the Waste Depository of the Hans Ehdwall et al
Sillamäe Plant
State of the art report from the project group

07 Medical Uses of Radiation: Retaining the Benefit Jack Valentin and
but Recognising the Harm Geoff Webb
Presented at the OECD/NEA Workshop on Radiation Protec-
tion Toward the Tum of the Century. Paris, 11-13 January 1993

08 Projekt Strålskydd Öst Torkel Bennerstedt,
Lägesrapport

09 Isotopkommittérapporter1991 Mauricio Alvarez

10 Radon 1993 Statens
En rapport över läget strålskyddsinstitut

11 Methods for determination of strontium-90 in food Lena Wallberg
and environmental samples by Cerenkov counting J. Suomela, J. Melin

12 Method for determination of radium-226 in water Jorma Suomela
by liquid scintillation counting

13 Method for determination of radon-222 in water Jorma Suomela
by liquid scintillation counting

14 Method for determination of uranium isotopes in Jorma Suomela
water
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SSI-reports published in 1993

Nummer Titel Författare
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15 Method for determination of plutonium J. Suomela

16 Utvärdering av normalieverksamheten vid J.E.Grindborg
riksmätplatsen 1992

17 50 Hz-Magnetfekjer. Gesetzgeberische Möglich- Gert Anger
keiten auf dem Gebiet der nichtionisierenden
Strahlung und Handlungsprogramme in Schweden

18 Allmänna råd om saneringsmetoder mm Judith Melin
Underlag för planering och genomförande av
sanering efter utsläpp av radioaktiva ämnen frän
enkämteknisk anläggning

19 Riodeklarationen om miljö och utveckling och Statens strål-
Agenda 21 skyddsinstitut

20 Juridiska och miljömässiga aspekter som ber Marie Wiborgh
beaktas vid framtagandet av miljökonsekvens- et al
beskrivningar för kärntekniska anläggningar

21 SSI's Review of SKB's Research Program 1992 Mikael Jensen


