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1 BACKGROUND

Section 11 of the Act (1984:3) on Nuclear Activities stipulates that the holder of a licence
to own or operate a nuclear power reactor shall ensure that the necessary comprehensive
research and development work is conducted in order to safely handle and finally dispose
of the nuclear waste produced and to safely decommission and dismantle installations
where the nuclear activity is no longer carried out.

According to Section 12 of the Act on Nuclear Activities, the reactor owners shall, in
consultation with each other, prepare or have prepared a programme for the necessary
comprehensive research and development work and the other measures. The programme
shall contain an overview of all measures that may be necessary and also specify, in de-
tail, the measures that are intended to be taken within a period of at least six years. The
programme shall be submitted to the Government or to the authority designated by the
Government for examination and evaluation. In connection with the examination and
evaluation, the conditions may be imposed concerning further research and development
work.

Stipulations relating to the programme are set forth in the Ordinance (1984:14, amended
1985:629,1992:482,1992:1538) on Nuclear Activities.

According to Section 22 of the Ordinance on Nuclear Activities, the Swedish Nuclear
Power Inspectorate (SKI) shall ensure that the research and development work which the
reactor owners are responsible for undertaking according to Sections 11 and 12 of the Act
on Nuclear Activities, is actually carried out.

Section 25 of the Ordinance on Nuclear Activities stipulates that the programme shall be
submitted to SKI, beginning in September 1986. SKI shall examine and evaluate the
programme and (Section 26), within the following six months, submit the documents on
the matter to the Government together with its own statement. According to Section 26,
SKI's statement shall contain an examination and evaluation of the programme wit., re-
gard to the following:

- planned research and development activities
research results reported
alternative handling and disposal methods
the measures which are intended to be adopted.

As of July 1, 1992, SKI has been responsible for conducting the evaluation. Previously,
the National Board for Spent Nuclear Fuel (SKN) was responsible for the evaluation, but
this authority ceased to exist as of that date. SKN has evaluated the programmes sub-
mitted in 1986 and 1989. SKI has also previously carried out comprehensive reviews of
SKB's programme in its capacity as one of the reviewing bodies and submitted its
conclusions to SKN.
In the most recent government decision on SKB's programme, it was stated that SKB
should investigate the possibility of constructing the repository in stages, including a de-



monstration-scale repository. As regards the siting process for the repository, the
Government stated that SKB's selection of suitable sites would be examined by different
authorities in connection with SKB's application for permission to start detailed
characterizations. Furthermore, the Government stated that deep boreholes and long
tunnels under the Baltic seabed appeared to be less suitable methods of disposal.

SKB's research and development programme for 1992 has been entitled RD&D
Programme 1992 by SKB, where RD&D stands for research, development and demon-
stration. This change of name indicates that the programme is now entering a more con-
crete phase where the construction of facilities is imminent.

SKB's RD&D programme 1992 was submitted in September 1992 to SKI. The pro-
gramme is described in a main report, SKB RD&D Programme 92 (RD&D) and in back-
ground reports which provide a more detailed account of:

- Siting of a Deep Repository (SIT)
- Detailed R&D Programme 1993-1998 (R&D)
- Äspö Hard Kock Laboratory (ÄSPÖ)

A large number of technical reports are also included.

SKI has distributed SKB's RD&D Programme 1992 to a large number of reviewing
bodies in Sweden, including universities and institutes of technology, the local safety
committees, the municipalities where nuclear power plants are located, the Swedish
Association of Local Authorities, the Swedish Environmental Protection Board, the
Swedish Radiation Protection Institute and the National Housing Board. In its evaluation,
SKI has also considered the issues taken up by the Institute in a special report to the
Government and which is attached to the Institute's comments to SKI.

SKI has commissioned a number of external consultants to assist in the evaluation of
SKB's programme. SKI's research board has discussed the RD&D Programme and
submitted comments. SKI has also had meetings with KASAM (the National Council for
Nuclear Waste) - which advises the Government on questions relating to the evaluation of
SKB's programme - where the programme has been discussed. SKI and KASAM have
also held a seminar on the RD&D Programme with the Nuclear Waste Technical Review
Board, NWTRB, USA, which in this respect, performs tasks similar to those of SKI and
KASAM.

SKI's premise for evaluating the programme has been to examine it as an integrated R&D
programme, which essentially focusses on structure, strategy and planning in order to
effectively realize the defined goals of the programme, i.e. Finding a safe, final solution to
the disposal of spent nuclear fuel. Keeping to the time-schedule should not be the con-
trolling factor in carrying out the research and development programme. The essential
objective is to attain the goal without jeopardizing quality.
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SKI's examination has been documented in the form of the following:

- Summary and Conclusions
- Evaluation Report
- Report of Comments by Reviewing Bodies
- Consultants' Reports

SKI's statement to the Government has been dealt with by SKI's Board, as stipulated in
SKI's instructions.



2 GENERAL

2.1 INTRODUCTION

The Swedish Nuclear Fuel Management Company (SKB), which is owned by the
nuclear power utilities in Sweden, has been given the task by the reactor O'vners of con-
ducting the comprehensive research and development work which is necessary in order to
safely handle and finally dispose of nuclear waste and to safely decommission and dis-
mantle nuclear installations.

SKB is the licence holder for the central interim storage facility for spent nuclear fuel
(CLAB), which is co-located with Oskarshamn nuclear power plant. SKB is also the
licence holder for the repository for radioactive reactor waste (SFR), located at Forsmark
nuclear power plant. Reactor waste from the nuclear power plants and radioactive medical
waste etc. which is treated at Studsvik is to be stored at SFR. A special transportation
system, including a purpose-built ship - the M/S Sigyn - is available for transporting
spent nuclear fuel and nuclear waste.

The major remaining tasks include the construction of the necessary facilities for final
disposal of spent nuclear fuel as well as decommissioning and dismantling nuclear instal-
lations.

The research and development programme which has been in progress for more than ten
years has mainly focussed on the KBS-3 method. This method involves the encapsu-
lation of spent nuclear fuel in canisters of long-term durability which, surrounded by a
clay buffer, are emplaced in a repository in the crystalline bedrock at a depth of about 500
m. Alternative solutions are also being studied, to a certain extent, within the programme.
The programme covers a multitude of different technical and scientific areas and can jus-
tifiably be characterized as interdisciplinary. One area of great importance is safety as-
sessment methodology.

SKB's programme has become more and more concrete with time. The main focus of the
current programme is the siting and construction of a deep repository for spent nuclear
fuel, according to the KBS-3 method, and the construction of an encapsulation plant for
spent nuclear fuel. In addition, a research and development programme is to be conducted
which the deep repository and encapsulation projects can benefit from and which shall
also deal with alternative methods. As the first stage of the construction of a deep reposi-
tory, SKB has proposed the demonstration deposition of canisters containing spent
nuclear fuel. During the demonstration stage, it shall be possible to retrieve the fuel canis-
ters. During this stage, 5-10% of the total amount of spent nuclear fuel is expected to be
deposited. The expansion of the demonstration-scale facility to a full-scale repository
shall only take place after the demonstration deposition has been evaluated.

The programme also includes the development of methods for decommissioning and
dismantling nuclear installations.



In its statement on SKB's R&D Programme 89. SKN recommended that SKB should
"investigate whether disposal can be achieved in stages, with the possibility of re-evalu-
ating the situation at the end of each stage and the possibility of adopting measures to
remedy any deficiencies in the repository system." During spring 1992, SKB modified
its programme in accordance with this proposal. During 1992, SKB also completed its
first safety assessment in about 10 years - SKB 91 - as well as the Project on Alternative
Studies for Final Disposal (PASS).

In its programme, SKB has now reached the conclusion that, within the next few years,
it wishes to select a main alternative for the final disposal system design, determine can-
didate sites for the repository, conduct detailed characterizations of these sites and adapt
the repository design i the local conditions. SKB also plans, within a few years, to
construct an encapsulation plait for spent nuclear fuel and a buffer storage facility for
encapsulated fuel, adjacent to CLAB at Oskarshamn nuclear power plant. Figure 1 pre-
sents an overall time-schedule for SKB's planned work until the year 2010. The earliest
possible dates for the completion of various stages of work are given.

2.2 PREMISES FOR NUCLEAR WASTE MANAGEMENT

The purpose of SKB's programme for research, development and demonstration
(RD&D) is to acquire the knowledge base required for the handling and final disposal of
spent nuclear fuel etc. in a safe and effective manner, and to, in a convincing manner,
demonstrate the safety of the disposal system, even in a very long-tern perspective.

SKB has specified the following general guidelines for nuclear waste management in its
R&D Programme 86:

- The radioactive waste products shall be disposed of in Sweden.

- The spent nuclear fuel shall be temporarily stored and finally disposed of without re-
processing.

- Technical systems and facilities shall fulfill high standards of safety and radiation
protection and satisfy the requirements of the Swedish authorities.

- The systems for waste management shall be designed so that requirements on the
control of fissile material can be fulfilled.

- In all essentials, the waste problem shall be solved by the generation that utilizes the
electricity produced by the nuclear power plants.

- A decision on the design of the repository for spent nuclear fuel shall not be taken
until around the year 2000 so that it can be based on a broad body of knowledge.



- The necessary technical solutions shall be developed within Sweden, at the same time
as available foreign knowledge shall be gathered.

- The work carried out sha.; be guided by the continuous examination, evaluation by
the regulatory authorities and the directives issued by them.

- The activities shall be conducted openly and with adequate public insight.

In its statement on SKB's R&D Programme 89, SKN questioned whether future gener-
ations would be best served by our generation finding and implementing a solution to the
waste problem, with respect to aM essential details. SKN recommended that an ultimate
decision to undertake the final disposal on a full scale should not be taken before strat-
egies and technologies for the disposal of long-lived hazardous wastes have matured suf-
ficiently or it may become evident, within the foreseeable future, that the technology
selected is not the best choice. Thus, SKN proposed that SKB should investigate
whether disposal could be achieved in stages, with the possibility of re-evaluating the
situation at the end of each stage and the possibility of adopting measures to remedy any
deficiencies in the repository system. SKN also recommended "that a demonstration re-
pository should take the place of the repository in SKB's present planning."
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In its decision on SKB's programme, the Government emphasized that a commitment to
a particular handling or disposal method should not be made before sufficient knowledge
had been obtained to fully understand and assess the problems relating to safety and
radiation protection which may exist. In addition, the Government stated that one of the
premises for further research and development work should be that it would be possible
to take into operation a repository for nuclear waste and spent nuclear fuel in stages, with
the possibility of re-evaluating the situation at the end of each stage and the possibility of
adopting measures to remedy any deficiencies in the repository system.

After considering these statements and after discussing the matter with SKN and
KAS AM, SKB has formulated the following additional principles for nuclear waste man-
agement in Sweden in its RD&D Programme 92:

- "We already have nuclear waste, and it must be disposed of in a safe manner in our
own country.

- Future safety should be based on a disposal method that does not require supervision
and/or maintenance, since this would entail that generation after generation, far into
the future, would have to retain knowledge of the waste and have the will, capability
and resources to perform such supervision and maintenance. We know too little about
the society of the future to base long-term safety on this assumption.

- While working concretely and resolutely towards realizing the final disposal of all
nuclear fuel, it is advisable to retain as much freedom of choice as possible with a
view towards the possibility that alternative and somehow superior or simpler sol-
utions may be found, or the possibility that there may be a re-evaluation of the current
attitude towards the re-use (reprocessing) of some of the fissile materials (U, Pu) in
the fuel."

The last principle should be further explained. In Section 1.3 of its RD&D Programme
92, SKB states: "When the demonstration deposition has been completed, the results will
be evaluated before a decision is made whether or not to expand the facility to accommo-
date all the waste. This plan also makes it possible to consider whether the deposited
waste should be retrieved for alternative treatment.... It is SKB's opinion that a demon-
stration deposition of spent nuclear fuel with full freedom of choice for the future is a
good way to enlist broad support for the method of disposing of the nuclear waste."

In SKI's view, the term "demonstration" is clearly misleading. Important technical issues
can certainly be demonstrated during an operating stage. To a limited extent, certain
experiments which are important for long-term safety can also be carried out. However,
there is good reason to be critical towards the use of the term "demonstration". The tech-
nical requirements on the site, the safety assessment and the legally required evaluation of
the demonstration-scale repository will be, in all essentials, exactly the same as for a full-
scale repository. The cost of the demonstration will be considerably greater - on a per
tonne spent fuel basis - than for a full-scale repository. The reason for this is that a large
part of the investments which are necessary for a full-scale repository are also necessary



for a demonstration-scale repository, e.g. investment in an encapsulation plant, shaft
sinking and service buildings. The investment in and, thereby, the commitment to the site
can be considerable. If a demonstration, in the way proposed by SKB, is realized in any
case, i.e. with retrievability during the demonstration stage, it is, in SKI's view, vital that
the necessary preparations should be made for retrieving the deposited spent nuclear fuel
and abandoning the site, in order for the proposal to appear credible.

2.3 ASSESSING REPOSITORY PERFORMANCE OVER A
LONG PERIOD OF TIME

In RD&D Programme 92, SKB states that:

- The principle of final disposal is that the waste must be safely isolated for the period
of time that it has a higher radiotoxicity than that otherwise found in nature.... After
about 100 000 years, the radiotoxicity of spent nuclear fuel is reduced to the level
found in uranium ore.

- In order to achieve the desired long-term isolation, a repository for spent nuclear fuel
is designed in accordance with the multi-barrier principle.

- Recent safety assessments ... indicate that excellent conditions exist for designing the
near field in the repository so that the radioactive substances are kept isolated for
more than one million years. In addition, the rock has a great capacity to sorb the
radionutlides that dominate the radiotoxicity of the fuel, and thereby comprises an
additional barrier.

In addition SKB reaches the conclusion that:

- The work that has been carried out for about fifteen years in Sweden, and corre-
sponding work carried out in other countries, has led to a broad consensus among the
international experts that methods exist for implementing the final disposal of high-
level waste and spent nuclear fuel, and that methods also exist for demonstrating the
long-term safety of such a disposal method.

Several of the reviewing bodies have commented on the question of uncertainty over a
long period of time:

The People's Campaign against Nuclear Power-Nuclear Weapons refer to the fact that
SKB, in RD&D Programme 92, maintains that safe methods for the fin:±l disposal of
high-level waste exist and that consensus among the international researchers support this
judgement. The People's Campaign maintains, on the contrary, that no final disposal
methods exist today which fulfill such safety requirements that they can be accepted by all
the international experts.
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Chalmers Institute of Technology considers that the main reason for the uncertainty con-
cerning the "last link" in the nuclear fuel cycle, i.e. the final disposal, is without a doubt,
the length of time involved. A radiation level corresponding to rich uranium ore will only
be achieved after 100 000 years. Chalmers maintains that this fact leads to uncertainty in
prognoses concerning:

- breaches of canister integrity (due to corrosion, rock deformation)

- long-term durability, backfill

- groundwater movements, glaciations, permafrost, earthquakes

- human intrusion

- radionuclide transport processes and retardation

Furthermore, Chalmers maintains that a deficiency, which is as equally fundamental as
obvious, is that the validation of the correctness of the models' predictions, is difficult to
achieve. In Chalmers view, this is all the more serious since comparative studies carried
out on, for example, dispersion models for radionuclides indicate that the difference be-
tween various prognoses can amount to as much as four powers of ten. However, natural
analogues can, to a certain extent, be considered a form of validation.

In the view of the Swedish University of Agricultural Sciences, much of the research
results obtained so far are based on model calculations. Experimental studies carried out
have, according to the University, mainly aimed at validating these models, while the
secondary purpose, seems to have been the identification of the mechanisms behind bio-
logical, chemical or physical processes.

The municipality of Varberg especially emphasizes the importance that all the essential
questions on which ultimate decisions will be based, should be investigated in as un-
biased a manner as possible, with a clear distinction made between what is based on
scientific fact (knowledge) and what is assumed on the basis of probability and analogies
(good faith).

The Swedish Radiation Protection Institute already rejected, in its comment on the pre-
vious R&D Programme, the idea that reliable quantitative calculations could be made to
describe facilities designed by man in a long-term geological perspective. According to
SSI, such calculations can possibly be used to clarify and support qualitative reasoning.

SKI wishes to warn SKB of the danger of over-interpreting quantitative calculations. At
the same time, SKI points out the need to understand and quantitatively assess future
events and uncertainties. The safety assessment is a tool for attaining such an under-
standing. At least, basic physical and chemical relationships can be assumed to apply
with a high level of confidence.
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SKI agrees, in general, with the comments of the reviewing bodies.

SKI shares SKB's view that the RO&D work must focus on developing one final dis-
posal method and on showing that such a method is safe. SKI also agrees that the method
should be designed in accordance with the multi-barrier principle and that SKB should
aim at achieving a very long-term isolation and retardation of the radionuclides. Finally,
SKI shares SKB's view that the level of safety can be assessed with the help of safety
assessments.

Furthermore, in SKI's opinion, a well-founded and broad consensus among the inter-
national experts can only be achieved if the basic issues are completely clarified and if it
can be shown that the various problems associated with these issues can be understood
and, when necessary, resolved. The following aspects must be taken into special con-
sideration:

- The repository is expected to be the first of its kind.

- It must perform as intended for a long period of time.

- Service, maintenance or measures to improve performance must not be necessary.

- Any measures that future generations may wish or need to make shall not be made
difficult to implement. Instead they should, possibly, be facilitated.

- No feedback of experience from the time after repository closure can be expected.

- No results from testing over a length of time comparable with the expected operating
time can be expected.

- Considerable uncertainty will exist within a number of areas of significance to the
future performance of the repository.

- Most of these uncertainties will be highest for events which may occur a long time
after repository closure.

It should be especially emphasized that several of the factors mentioned above - which
cannot be studied and benefited from in connection with the final disposal of nuclear fuel
- are determining, or in any case, very important factors for most industrial systems and
facilities. These factors must be provided for, both as regards the final disposal method
and as regards the safety assessment methodology. In both cases, it is largely a question
of being able to manage the uncertainty associated with long time periods.
An important aspect of the uncertainty of knowledge is the need to be able to extrapolate
data into a very distant future. As regards laboratory testing and suchlike, this can only be
carried out for a couple of decades, at most. Extrapolation requires understanding, i.e.
knowledge of the different mechanisms which can be important, as well as adequately
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identified parameters in order for the importance of different mechanisms to be deter-
mined.

In SKB's R&D Programme 92, in the section on "Spent Nuclear Fuel", SKB discusses
issues relating to the way in which the extrapolation of data into very long timespans can
be achieved. The issue of extrapolation particularly concerns the mechanical and chemical
properties of the materials which are used in the repository, i.e. copper, bentonite. con-
crete etc.

A similar argument can be made regarding what is often called "natural analogues". This
term refers to relevant data from geological samples or archeological finds. As regards
natural analogues, the fact that the phenomena concerned (e.g. water chemistry) are dif-
ferent from those in a repository, has to be taken into consideration. No "extrapolation"
to repository phenomena can be made on the basis of empirical data alone. Instead, an
understanding of the processes which affect the future repository environment is re-
quired.

Further comments on uncertainties are reported in Chapter 6 (safety assessment) and in
Chapter 7 (supporting research and development).

2.4 CONDITIONS FOR FINAL DISPOSAL

In RD&D Programme 92 (1.2) SKB reached certain general conclusions which are of
importance to further work.

SKB writes: "Recently completed safety assessments - in particular SKB 91 / l - l 1/ -
show that excellent conditions exist for designing the near field in the repository so that
the radioactive materials are kept isolated for more than one million years. Moreover, the
rock has a great capacity to sorb the radionuclides that dominate the radiotoxicity of the
fuel and thereby constitutes an additional barrier."

SKB continues as follows: "The SKB 91 safety assessment, which SKB carried out
during 1989-1992, shows that the requirements on the properties of the bedrock are
limited.... SKB 91 shows that a repository constructed deep down in Swedish crystal-
line basement rock with engineered barriers possessing long-term stability fulfills the
safety requirements proposed by the authorities with ample margin. The safety of such a
repository is only slightly dependent on the ability of the surrounding rock to retard and
sorb leaking radioactive materials. The primary function of the rock is to provide stable
mechanical and chemical conditions over a long period of time so that the long-term per-
formance of the engineered barriers is not jeopardized.... The studies and investigations
that have been conducted of the bedrock in Sweden during the past 15-year period show
that these properties exist at many places and that there are thus many sites possessing the
necessary geological and technical prerequisites for constructing a safe repository." SKB
also states that "Present-day knowledge is sufficient for selecting a preferred system de-
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sign, for designating candidate sites for siting a repository, for characterizing these sites
and for adapting the repository to local conditions."

In SKI's detailed examination of the above (see, for example, the chapters on system
studies, encapsulation, deep disposal and safety assessment), it has found that several of
the conclusions stated above are not yet firmly based on reported data. SKI's evaluation
includes the following observations:

- In the section on system selection, it is evident that a considerable amount of work
remains to be done before SKB can be considered to have obtained an adequate basis
for a detailed system selection.

- In the section on safety assessment, it is evident that the "engineered barriers pos-
sessing long-term stability" are more like premises than parameters which have been
studied (in SKB 91), and that safety depends on a combination of the engineered and
the geological barriers. SKB has not yet shown that "a repository constructed deep
down in Swedish crystalline basement... fulfills the safety requirements proposed by
the authorities with ample margin."

- In the section on site selection and the deep repository, it is maintained that if the
general technical, geoscientific and societal siting factors were weighed up as a
whole, it would probably be found that certain parts of Sweden are less suitable for
hosting a repository.

In the light of these conclusions, SKI advises SKB to review its conclusions. In SKI's
view, good conditions probably exist for achieving a safe final disposal of spent nuclear
fuel within Sweden.

2.5 CONSTRUCTION OF THE REPOSITORY IN STAGES

In its statement on SKB's R&D Programme 89, SKN made the following proposal in its
summary: "SKB should investigate whether disposal can be achieved in stages, with the
possibility of re-evaluating the situation at the end of each stage and the possibility of
adopting measures to remedy any deficiencies in the repository system. It should be
possible to emulate parts of the normal industrial development process. The hard rock
laboratory provides the opportunity of testing the disposal technique and of closely
monitoring the performance of the engineered barriers during the initial phase. In the next
phase, a demonstration-scale repository can be constructed. The scale of the
demonstration repository could be 5 to 10 per cent of the full-scale repository."

In its RD&D Programme 92 (1.3) SKB states that construction of the repository in stages
would entail "considerable advantages". SKB further asserts that: "The most important
reason for SKB's plan to build a repository for demonstration deposition is that this
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makes it possible to demonstrate the following, without the necessity of making what are
sometimes described and perceived as definite decisions:

- the siting process with all its technical, administrative and political decisions,

- the process and the methods for step-by-step investigation and characterization of the
deep repository site,

- system design and construction,

- full-scale encapsulation of spent fuel,

- the handling chain of spent fuel from CLAB to deposition in the repository,

- the operation of a deep repository,

- the licensing of handling, encapsulation and deep disposal, including the assessment
of long-term safety,

- (refrievability of the waste packages)."

SKB also states that "the long-term safety of the repository cannot be demonstrated"
through field studies, but that "allowability in this respect must always be based on a
technical-scientific assessment of the performance of the repository over a long period of
time".

SKB continues: "The reason SKB is planning a demonstration deposition is not doubts
as to the feasibility and safety of the deep disposal scheme. The plan should be viewed as
an expression of an awareness of and respect for the fact that the solution of the nuclear
waste problem arrived at by the R&D work needs to be demonstrated concretely to con-
cerned people in society far beyond the circle of experts for confidence-building pur-
poses. It is SKB's opinion that a demonstration deposition of spent nuclear fuel with full
freedom of choice for the future is a good way to enlist broad support for the method of
disposing of the nuclear waste."

Several reviewing bodies have commented on the construction of the repository in stages.

The People's Campaign against Nuclear Power-Nuclear Weapons reminds SKB that the
Government explained in its decision that SKB, in its next R&D programme should
"investigate the possibility of carrying out the final disposal in stages, including the con-
struction of a demonstration-scale repository." Thus, in the view of the People's
Campaign, SKB has understood this proposal to mean that the Government has given
SKB the go-ahead to immediately initiate preparations for the construction of a repository
based on the KBS-3 concept.
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The University of Gothenburg states that, in its opinion, the demonstration-scale reposi-
tory, in accordance with SKB's current programme, must be considered to be the first
step in the final disposal of spent nuclear fuel. In the University's view, SKB's approach
involving the evaluations of the demonstration-scale repository and the possible retrieval
of the waste if deficiencies should be detected in the system, does not offer any extra
guarantees above those which would generally apply if deficiencies should be detected in
the final, full-scale repository. In the University's view, SKB should be consistent in its
description of its approach and should refer to it as the construction of a repository in
stages and not a repository for demonstration deposition.

In its evaluation of SKB's R&D Programme 89, SKI has already expressed the view
now put forward by SKB, which is, namely, that long-term safety cannot be demon-
strated by demonstration deposition. SKI can see the value of "concretely" demonstrating
the final disposal system to "concerned people in society far beyond the circle of ex-
perts". However, this must not be allowed to be the main purpose of the construction of a
repository in stages. If SKB were to adopt such an approach, SKB would run the risk of
people perceiving the demonstration programme as nothing more than window dressing.
Instead, SKI wishes to emphasize the reasons for the construction of a repository in
stages which it presented to SKN in its statement on SKB's R&D Programme 89. In its
statement, SKI asserted that construction in stages, with the feedback of experience
gained in earlier stages to work carried out in subsequent stages, is a natural process.
However, SKI observes that SKB's present programme hardly describes a real investi-
gation into the possibilities of constructing the repository in stages with re-evaluations at
the end of each stage and the possibility of taking remedial action.

In SKI's view, the term "demonstration-scale" is directly misleading. SKI assumes that
the size of the deposition tunnels will be proportional to the number of canisters to be de-
posited. However, SKI wonders what distinguishes demonstration-scale tunnels and
shafts to the deep repository, surface buildings and the encapsulation plant from the full-
scale facilities. Furthermore, SKI has not found, in the programme, any information on
the extent of the financial commitment which will be made to the method applied in the
first stage of final disposal. However, it is evident that the cost of implementing the pro-
posal will be considerably greater - on a per tonne spent fuel basis - than for a full-scale
repository.

Issues relating to the construction of the repository in stages are treated in further detail in
the chapter on system studies and alternative methods as well as in the chapter on the
deep disposal of spent nuclear fuel.

2.6 STRUCTURE OF THE PROGRAMME

The purpose of the examination and evaluation of SKB's RD&D Programme 92, as
stipulated in the Act on Nuclear Activities, is to provide adequate public insight into the
activity, and to give external experts to opportunity of contributing with their viewpoints
and advice. SKB's programme is presented in four RD&D reports. Thus, the structure of
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these reports is a determining factor in the possibility of examining important factors in
the evaluation process.

Many requests and requirements can be made with regard to SKB's RD&D Programme:

- The programme must be comprehensive and well-balanced, integrated and transpar-
ent.

- The programme must contain background information (summaries of background
data), considerations (e.g. explanations of advantages and disadvantages) and
conclusions (as well as reasons justifying the conclusions).

- It must be possible to trace the source of the background information ind such infor-
mation must be easily accessible. The information should be published in such a form
as to allow for scientific review.

- The work must be divided into suitable and easily identifiable stages and phases. The
relationship between the different stages must be described (e.g. the results from one
phase which are intended to be applied in another stage must be stated). These factors
should be taken into consideration in the time-schedules presented.

- The goals of the programme as a whole as well as of the various phases must be clear
and concrete.

Therefore, the demands made on the programme are high. Consequently, it is not unnatu-
ral to find that the requirements and requests can be fulfilled to varying degrees in differ-
ent parts of the programme.

Several of the reviewing bodies have commented upon the structure of the research pro-
gramme.

The University of Gothenburg observes that SKB maintains that the technology exists for
the safe final disposal of spent nuclear fuel at the same time that the material presented
indicates that problems remain to be resolved and that detailed knowledge is lacking in
several respects. In the opinion of the University, an assessment of how these unresolved
problems affect the overall assessment of safety seems to be lacking, and it should be
vital for the credibility of the programme that such an assessment should be clearly pre-
sented. According to the University, the data and arguments seem to be presented more in
the manner of marketing material than scientific reasoning.

As a general comment, Chalmers University of Technology points out that the linguistic
and graphic presentation of SKB's programme is tendentious and gives a distorted view
of the facts. It is unclear to Chalmers which target group SKB intends to influence by this
approach. In Chalmers's view, the credibility of the material presented would have been
greater if a more humble tone had been used. In the view of the group, modifying sen-
tences such as "the problem is difficult to analyze ...", " ... the result is not entirely ac-
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ceptable ... ", would, instead, raise the quality of the material presented. Chalmers finds
it difficult to penetrate beyond the "facade" of language and drawings to arrive at the
underlying difficulties.

The National Defence Research Institute, the Local Safety Committee at Forsmark nuclear
power plant and the municipality of Östhammar would like to see a glossary explaining
various specialized and technical terms.

Although SKI agrees with the comments of these reviewing bodies, SKI considers that
SKB has structured its material effectively. However, the reasoning underlying SKB's
conclusions is often based on incomplete data. It is positive that SKB, to a greater extent
than in previous programmes, has made a survey of knowledge available in various
areas.

The possibility of obtaining an overall view is considerably more variable when the back-
ground reports are consulted. SKB 91 and the PASS report satisfy an important need
through their presentation of the "state of the art". Within other areas, no such survey of
knowledge is presented. For example, anyone wishing to find out more about the import-
ant question of the long-term properties of the canister is largely reduced to reading pro-
gress reports. In addition, SKB's selection of canister material is not supported by
documented data. Reports on work on the construction of the Äspö Hard Rock
Laboratory have largely been carried out in the form of progress reports.

2.7 WORK IN STAGES AND TIME-SCHEDULES

A summary of SKB's time-schedules until the year 2010 is presented in Figure 1.

One of the reviewing bodies which has commented on the time-schedules is ABB Atom.
The company states that it is positive that the time-schedule up to the daily operation of
the encapsulation plant and repository will result in a stage-by-stage development of a
knowledge base and facilities, with the possibility of implementing changes in the rest of
the programme. In this way, ABB Atom means that new experience, new techniques,
new methods and changes in design can be adopted into the system before it is time to
initiate the final stage of the final disposal. Even new principles can be incorporated
without having to postpone the time-schedule.

However, the University of Gothenburg finds that the time-schedule for siting and con-
struction is unrealistic. In the University's view, SKB should first await the results of the
research conducted at the Äspö Hard Rock Laboratory etc., and then define criteria for
the rock barrier and societal factors on the basis of these results. Only after this has been
done, can the siting process be properly initiated in accordance with a method specified in
advance.

SKI considers the stage-by-stage approach to be generally applicable to SKB's pro-
gramme. With regard to further work, SKB is advised to structure the work, in a much
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clearer manner than it has so far, into phases, where determined goals, expected results
and attained goals are specified.

A general impression is that the time set aside for the different activities is, in many cases,
just about sufficient and sometimes barely sufficient. On the other hand, in its time-
schedules, SKB has, in several cases, specified that it is presenting "an example of a
time-schedule", "earliest possible completion dates" and suchlike. At this point, SKI
wishes to emphasize the importance of SKB waiting until it obtains necessary results
from other activities before starting new activities. It is the fulfillment of goals and quality
of work, rather than the time-schedule which should determine when new activities are
initiated.

2.8 QUALITY ASSURANCE AND ORGANIZATION

SKI notes with satisfaction that SKB, in its RD&D Programme, emphasizes the import-
ance of Quality Assurance (QA), with regard to construction and operation as well as the
actual development work.

SKB states that "correctly applied and matched to the needs at hand, quality assurance is
an excellent means of obtaining assurance that a job being done achieves the right, docu-
mented quality, and that information is actually documented and not wasted." SKI wishes
to add that an approach where quality assurance is given high priority can be of help
when planning and organizing a complex activity. Established procedures for quality as-
surance also enable a better and fairer evaluation of an activity to be carried out from
several standpoints, e.g. safety. For natural reasons, SKI particularly emphasizes this
aspect, as well as the advantages with regard to documentation and providing the refer-
ences to the sources of any data reported.

In its programme, SKB identifies the following areas where quality assurance can be an
important tool and where procedures already exist or are being developed:

- Development, planning and construction of facilities. This primarily concerns the
encapsulation plant and repository.

- Operation of facilities. Quality assurance procedures have been applied from the start
with regard to the operation of SKB's existing facilities - SFR, CLAB and the system
for the transportation of radioactive waste. A quality assurance manual is being pre-
pared for SKB's Systems and Facilities department.

- Äspö Hard Rock Laboratory. The quality procedures for site investigations in the
siting programme will be based on the experience from the laboratory.

- Development and maintenance of software. So far, QA procedures have been applied
in connection with the development of PROPER - a computer programme for model-
ling radionuclide transport.
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- GEOTAB database. Procedures similar to QA procedures are being applied in con-
nection with data collection.

- Safety assessments. A QA system was applied during the work on SKB 91 and is
currently being evaluated.

This shows that SKB's quality assurance activities have been applied to quite a wide
range of areas. SKB has not dealt, in particular, with QA for research activities, although
this is covered by the QA system for SKB's Research and Development department.

During 1993, a QA plan for the Äspö Hard Rock Laboratory will be completed. The
emphasis will be placed on references to sources of data and models. SKI considers that
it is particularly important that full benefit should be gained from the experience from the
Äspö Hard Rock Laboratory when the quality assurance systems for site investigations
and the deep repository are being developed.

The progress - and success - of the development work is heavily dependent on the
existence, whenever necessary, of background data on which decision-making can be
based. It is also important to ensure that the different parts of the work are integrated
from the standpoint of QA. This must be carried out within the framework of the SKB's
central QA system. In SKI's view, SKB may need to consider the need to reinforce its
independent QA function (central Quality Assurance staff function) to achieve both of
these goals.

SKI's supervision of SKB's quality assurance system is conducted within the framework
of the ordinary inspection procedures for facilities in operation. The supervision of other
parts is partly covered by SKI's programme for the supervision of research and devel-
opment and will partly be carried out in connection with the siting and construction of
each facility.

2.9 INDEPENDENT RESEARCH

Several reviewing bodies have broached the subject of state-supported, goal-oriented
basic research within the area of nuclear waste.

In the view of the municipality of Varberg, greater openness and legitimacy would be
attained if the state were to directly control the research programme, without any in-
volvement from the nuclear power industry and other parties with related interests. In the
opinion of the municipality, this would not mean that the Act on Nuclear Activities would
have to be amended with regard to the reactor owners overall responsibility for imple-
menting the waste management programme.

The Swedish Natural Science Research Council notes that SKB's programme is charac-
terized by a general demand to promote understanding of the individual processes in-
volved, and that SKB intends to continue to give financial support to pure knowledge
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acquisition. The Council observes, with satisfaction that SKB has assumed the role of
supporting long-term knowledge acquisition and of conducting goal-oriented basic re-
search. In the Councils view, a part of these supporting activities would probably benefit
from being channelled through the Council, since, through its programme committees, it
has a broad competence within most of the scientific areas relevant to SKB's programme.

The Society for the Conservation of Nature proposes that the SEK 20 million per year
which SKB is allowed to withdraw from the nuclear waste management fund for infor-
mation and advertising should be used instead for independent academic research on the
final disposal of nuclear waste.

The University of Gothenburg points out that knowledge of a future deep repository
would be furthered if scientific review and research were to be carried out in accordance
with the principles usually applied, internationally, with regard to research work. In
addition, the funds which the nuclear power utilities withdraw from the waste manage-
ment fund should be used for research instead of being largely used for information. In
the view of the University, the funds should be apportioned Sy an organization other than
SKB.

The Swedish University of Agricultural Sciences considers that the research programme
concerning the handling and final disposal of nuclear waste which has so far been carried
out, has been based, to an excessive degree, on contract research conducted by the
nuclear power industry.

The Council for Planning and Coordination of Research, emphasizes the importance of
providing public insight into the R&D programme through the involvement of other re-
search environments in Sweden which aie independent of SKB and which can, on a pro-
fessional level, enter into a critical dialogue with SKB. The Council would like the regu-
latory bodies within this area to advise the Government on how a balance can be main-
tained as regards research-related issues of a financial and organizational nature.

The University of Uppsala points out that in spite of the successes which have been
achieved within the framework of SKB's research programme, through Swedish work,
relatively few researchers are currently engaged in work within the research programme.
In the view of the University, a greater openness towards the research society, e.g.
through applications for long-term projects within the problem areas that SKB is respon-
sible for resolving, would help to establish contact with new groups of researchers who
have a knowledge of and interest in these problems. The standard of the research results
would be further raised, from the qualitative standpoint, if research funds were to be allo-
cated to different problem areas and if research grants were to be distributed, in accord-
ance with established scientific practice, for work within these areas.

The Royal Institute of Technology finds it regrettable that the proposal put forward by the
National Council for Nuclear Waste (KASAM) on the creation of posts for independent
research does not appear to have been implemented. The University also considers it es-
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sential, in the important final phase of SKB's work, that independent researchers should
also be given the opportunity of presenting and studying alternative systems.

The University of Lund states that there is a danger in concentrating the research work to
one research group, and that research work which is independent of SKB may be necess-
ary. The University of Lund also asserts that it would be appropriate to allocate about
SEK 10 million a year to finance independent research and that SKI could perhaps be re-
sponsible for distributing the funds.

To a certain extent, SKI supports the idea of having research work conducted indepen-
dently of SKB as a part of the process of adding to its own expertise. However, the re-
search funds which SKI has at its disposal are limited. One possibility of supporting in-
dependent research would be to give support also to the parties who have a justifiable in-
terest in having access to independent expertise, i.e. those involved in the site selection
process.

2.10 SAFEGUARDS

The purpose of safeguards is to ensure that fissile material is not removed for the manu-
facturing of nuclear armaments. Sweden has signed international agreements on safe-
guards and SKI is responsible for ensuring that the State System for Accounting for and
Control of Nuclear Material is implemented at the nuclear installations now in operation.

The National Defence Research Institute states that the construction of a demonstration-
scaie repository would require two issues to be resolved: safeguards and surveillance.
IAEA-level and state-level safeguards (control system) are required at nuclear installations
where nuclear materials are handled. Even if safeguards for a repository are simpler and
less important than those for another type of nuclear facility, safeguards-related issues
should, in any case, be taken into account in the design of the facility, handling etc.

The Society for the Conservation of Nature states that long-term factors related to safety
policy exisi as regards the risk of the proliferation of nuclear arms, which have not been
previously considered by SKB. The Society also points out that no method exists for
implementing safeguards in accordance with the IAEA's principles for the KBS-3
method. This means that a repository based on KBS-3 must be monitored in the fore-
seeable future.

In SKI's view, it is obvious that the spent nuclear fuel will have to be subjected to safe-
guards while it is in the encapsulation plant as well as after it is deposited in the reposi-
tory. As regards the encapsulation part, no application of safeguards to such a facility
currently exists, from which experience can be directly applied to the encapsulation plant
planned by SKB. Furthermore, no safeguards methods have been developed which
would guarantee against the removal of nuclear materials with the same credibility that
applies to other parts of the nuclear fuel cycle. As far as a repository for spent nuclear
fuel is concerned, no international agreement currently exists regarding the principles of
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work relating to safeguards. However, work has been initiated within the IAEA with the
aim of establishing generally accepted principles for safeguards. Only when an inter-
national consensus has been reached, can the IAEA, with the support of the member
states, start work on developing methods and applications for safeguards for such a re-
pository.

As regards both the encapsulation plant and the repository, work must be immediately
initiated in Sweden to obtain the necessary background material to enable judgements to
be made, in Sweden, regarding the state-level safeguards measures to be taken as well as
to enable Swedish experts to present well-founded viewpoints in connection with further
work on achieving an international consensus on safeguards-related issues. SKB should
integrate issues relating to safeguards into its R&D programme, in a suitable manner.

2.11 COSTS

2.11.1 Estimated Costs and Priorities

The total cost of carrying out the 6-year programme for 1993-1998 is estimated at about
SEK 1 200 million (1992 price-level). Of this amount, SKB has estimated the costs for
the encapsulation and final disposal system to be SEK 460 million, and the costs for the
RD&D programme to be SEK 736 million. SKB has also presented an approximate
breakdown of costs for supporting R&D for the 6-year period of 1993-1998.

SKB's costs for the research programme are included in the estimated future costs for the
management of nuclear waste, previously presented in the annual planning reports, with
the most recent report given in SKB PLAN 92, Cost of Managing the Radioactive
Residual Products of Nuclear Power. In SKB PLAN 92, SKB estimates the costs for
RD&D and administration from 1993 to the year 2010 to be about SEK 4 000 million
(1992 price-level). SKB's administration costs, which also include information activities,
currently amount to about SEK 30 million per year. It is reasonable to assume that SKB's
administration costs will continue to amount to less than 20% of the cost of the RD&D
Programme, even after 1998. This would mean that the research costs after 1998 and up
to and including the year 2010 could probably be estimated at about SEK 1 400 million.
This figure also includes the 20% uncertainty margin of about SEK 700 million for any
additional costs added by SKB to RD&D and administration costs for the 1993-2020
period. SKB PLAN 92 does not report any separate RD&D costs from the year 2010,
when it is planned to start the construction of the repository for spent nuclear fuel. These
costs are included in the investment for the repository.

The local section of the People's Campaign against Nuclear Power-Nuclear Weapons in
Oskarshamn and Save the Voxna Valley state that information within the area of nuclear
waste in Sweden is dominated by SKB, and that SKB, for several years, has been able to
withdraw about SEK 20 million a year, for information purposes, from the fund which is
to be used for research and development for a repository in Sweden. The People's
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Campaign also states that the existing situation as regards information is unacceptable and
should be remedied.

The Swedish University of Agricultural Sciences considers that the area of biosphere
studies has been accorded much too little attention in the programme. The University
mentions that, of the total cost for R&D during the 1993-1998 period, only 5% is allo-
cated to biosphere studies, which barely represents 2% of the RD&D period during the
period. In the University's opinion, a greater investment in biosphere studies is warran-
ted with regard to the fundamental importance of the area.

The Local Safety Committee at Forsmark nuclear power plant takes up the issue of which
activities the present and future generations need to carry out and the cost of the entire
deep repository. The Local Safety Committee wonders what will happen "if the next gen-
eration refuses to approve the second stage of the construction of the repository? May the
funds which were to be used for the second stage be used instead for an alternative
method of treatment?" In the view of the Safety Committee, this should be the case,
"since the next generation is free to select the final disposal method, it should be possible
to use any funds set aside for the final disposal to cover the costs of a method other than
the deep repository system."

Chalmers Institute of Technology has reacted to the fact that the supporting R&D activ-
ities within the area of fuel are as much as five times more expensive than those for
"Other materials". Chalmers also considers the cost of studying natural analogues to be
unreasonably high.

The Society for the Conservation of Nature considers that "the enhancement of know-
ledge would be improved if the necessary conditions existed for academic research and
normal scientific review of knowledge relating to nuclear waste management. The 20
million kronor per year which the nuclear waste company is allowed to withdraw from
the waste management fund and use for information and advertising should, instead, be
allocated by KASAM and similar organizations to independent, academic research within
the area."

In its reply, the Waste Chain states that it largely supports the view of the Society for the
Conservation of Nature.

The question of the scope of the RD&D Programme and, thereby, the cost, is important
to SKI, since SKI must evaluate the cost of the entire waste programme and propose the
fee for financing further work.

In connection with the previous evaluations of SKB's research programme, R&D
Programme 86 and R&D Programme 89, SKN expressed the importance of SKB putting
more extensive work than it has so far into preparing cost-estimates and into explaining
the factors underlying the prioritization of the areas covered in the research programme.
SKN also pointed out that it had to make a decision on allocations to cover the cost of re-
search work etc., out of the funds it managed. This responsibility, which was stipulated
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by the Act (1981:669, amended 1992:1537) and Ordinance (1981:671) on the Financing
of Future Expenses for Spent Nuclear Fuel etc., was transferred to SKI as of July 1,
1992.

In its last evaluation of R&D Programme 89, SKN also indicated the need for a general
report on the estimated costs of the research activities for the next three years. Such a
general report has been submitted to SKN since 1990. The most recent report was sub-
mitted to SKI in November 1992.

SKI based its proposal to the Government regarding the fee for financing further work in
the area of nu"!'ar waste management, as stipulated in the Act on the Financing of Future
Expenses fo jent Nuclear Fuel, on SKB's estimates of the future cost of financing
such work. SKJ's evaluation was that SKB's estimates could provide the basis for calcu-
lating the fee without SKI having to evaluate each item in the estimate for the final dis-
posal system, which, in this case, is the cost of the RD&D Programme.

2.11.2 Resources for the Municipalities

The Swedish Association of Local Authorities and the Local Safety Committee at
Oskarshamn nuclear power plant have particularly raised the issue of resources in con-
nection with the siting of a repository. In the view of the Association, the municipalities
which are involved in studies, investigations etc., in connection with the siting of a re-
pository will have to deal with a large number of complex issues which must be handled
in a competent manner. In the opinion of the Association, one of the main issues is the
allocation of resources to the municipalities concerned, for investigations. Furthermore,
the Association considers that, in connection with the evaluation of the RD&D
Programme, SKI should further investigate the issue of financial support for the munici-
palities involved in siting studies etc.

SKI agrees with the Association's point that the independent position of the municipal-
ities would be called into question if the municipalities should request and obtain funding
from the nuclear power industry for studies and information in connection with the siting
of the encapsulation plant and the deep repository. Other parties involved in the siting
process may also need support in order to add to their competence etc. In SKI's opinion,
this issue should be investigated. (See Section 5.4, Environmental Impact Statement,
EIS, and Information).

In its detailed application for government grants, for the period 1992/93-1994/95, SKN
requested funds for information campaigns aimed at the municipalities in connection with
the site selection process. SKN had preliminarily estimated that a total of SEK 5 million
would be needed to cover the authorities' information campaigns (SKN, SKI and SSI) in
the municipalities concerned.

In accordance with the Ordinance (1981:671) on the Financing of Future Expenses for
Spent Nuclear Fuel etc., SKI cannot make disbursements to any party, other than reactor
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owners, for the cost of managing spent nuclear fuel. The decision to allocate funds to
parties other than reactor owners must be made by the Government.

2.12 SUPERVISION OF THE PROGRAMME

The University of Uppsala states that SKB should investigate any changes in conditions
which Swedish membership in the European Community would involve, and take such
changes into account in its plans.

The Swedish Radiation Protection Institute states that the next evaluation, i.e. 1995, will
deal with issues relating to supervision and that the evaluation of planned research work
should be modified so as to become supervisory in nature. The Institute points out that
since the evaluation work is regulated by law, it is important that the need for change
should be investigated at an early stage.

SKI wishes to point out that the strategy that SKB has selected means that no definitive
decision on the final disposal of spent nuclear fuel will be taken before the demonstration
deposition of canisters has been evaluated. Thus, SKB's programme will, for a long time
to come, include safety-related supervision as well as R&D-related supervision.

In SKI's view, SKB's programme is becoming more and more concrete in nature and a
review of the application of legislation now in force can be warranted.

The National Defence Research Institute states that access to informed, independent ex-
perts who can assist in the evaluation of the background material submitted is necessary
in connection with the forthcoming review of applications for permits. Thus, the Institute
repeats its previous proposal that SKI and, possibly other authorities, should consider
commissioning external research and followup work.

The Local Safety Authority in Oskarshamn states that if any of the reviewing bodies
question any of SKB's basic conclusions, SKB should be advised to publish a revised
siting plan based on the current evaluation. The Authority maintains that the issue is
especially important this time, bearing in mind the fact that siting, according to SKB's
proposal, will be carried out until 1995, and that an application for detailed character-
ization will be submitted in 1996.

In SKI's view, many reasons exist for promoting effective communication between SKB
and SKI in connection with the RD&D work. The programme is no longer limited to
R&D alone, but also includes large-scale demonstration activities. This means that a
number of decisions on important changes in the programme will be successively made
over the next few years. This requires that SKI should be well-prepared and flexible so
that SKB's work is not made unnecessarily difficult or so that the purpose of the evalu-
ation of the RD&D programme is not lost. With the partially new direction of the pro-
gramme, the requirements on SKB immediately reacting to the recommendations made by
SKI, and on SKI continuously monitoring SKB's activities are also higher. The need to
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re-focus and supplement the programme as a result of the change of direction towards
RD&D, as discussed above, is also an additional factor.

SKI is aware that an evaluation requires a considerable amount of work, especially by
SKB, and also by the reviewing bodies, KASAM and SKI. Therefore, SKI does not
wish to recommend that a new programme should be submitted more often than every
three years. Instead, the programme should be updated, in various ways in the interim, in
a better matter than at present.

Thus, SKI proposes that SKB should submit, to SKI, a report on how SKB has reacted
to, or intends to implement the various viewpoints put forward by SKI (including those
of the reviewing bodies), KASAM and the Government, no later than the first quarter of
1994.

As the supervisory authority, SKI will continuously monitor SKB's RD&D Programme
and pay particular attention to any issues raised in connection with the evaluation of
SKB's programme. SKI wishes to emphasize that the supervision concerns the direction
of SKB's programme and not the detailed control of SKB's work.
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3 SYSTEM STUDIES AND ALTERNATIVE
METHODS

3.1 PREMISES

3.1.1 SKB's Description

SKB describes alternative methods of treating spent nuclear fuel and alternative methods
of disposing of nuclear waste. In Chapter 5 of the RD&D Programme, SKB discusses
encapsulation, reprocessing as well as partition and transmutation. In Chapter 6 of the
RD&D Programme, SKB discusses interim storage of spent nuclear fuel, final disposal
beneath the seabed and final disposal in deep geological formations. SKB also describes
different systems for the main alternative of deep geological disposal of encapsulated
spent nuclear fuel. Finally, variations of the more detailed system design are discussed.

3.1.2 Comments by the Reviewing Bodies

For the University of Uppsala, the main issue is that, while SKB concentrates on devel-
oping a system for the final disposal of spent nuclear fuel, SKB should at the same time
maintain freedom of choice with regard to any alternatives and solutions which are in
some way superior or simpler.

The Swedish Natural Science Research Council finds it reasonable that, when an ad-
equate technical basis has been developed, SKB should concentrate on developing the
best alternative. However, the Council states that it is necessary that experience of foreign
programmes and changes in the state of the art (e.g. concerning alternative disposal
methods, transmutation etc.) should be continuously followed and monitored, and that
SKB should have made advanced preparations for making any modifications of the main
programme which become necessary. SKB has also included this in its plans for RD&D
92. Furthermore, the Council states that the plans for constructing the repository in stages
with a demonstration facility provide greater freedom of choice in terms of the ultimate
site and method. In the view of the Council, the licencing process will probably be the
same and must be initiated at an earlier stage.

The University of Gothenburg considers that, bearing in mind the uncertainties which can
be reasonably associated with a problem of these dimensions, it is of the utmost import-
ance that solutions are selected so that the greatest possible flexibility is maintained, both
in terms of the near and distant future. The project must benefit, as much as possible,
from any new knowledge gained.

The Council for Planning and Coordination of Research emphasizes the importance of
SKB continuing in the future to be receptive to alternative strategies, even while SKB
upholds the view that Sweden will decide to expand the demonstration-scale facility to a
full-scale deep repository. The concern expressed by the Council in its reply to R&D 89,
over premature strategic decisions, has to a certain extent been allayed through the
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"period of grace" created by the proposed construction of the demonstration facility and
the evaluation and testing which are to be carried out there. In the view of the Council,
this will extend and broaden the basis for decision-making regarding the method for the
final disposal of spent nuclear fuel.

The Royal Institute of Technology maintains that it is not only a question of finding a
solution which is acceptable from the standpoint of safety. The Institute asserts that - in
line with political decisions which have been made - it is also a question of not commit-
ting future generations to prolonged institutional control or not committing them to a
solution chosen by the present generation.

Chalmers University of Technology considers that the advantages of a demonstration-
scale repository are considerable and that they outweigh the disadvantages. However, in
Chalmers's view, in order to actually benefit from the advantages, the chain of decision-
making must incorporate a high level of flexibility until the demonstration stage is com-
pleted. It must also be possible to retrieve the deposited spent nuclear fuel for alternative
treatment. The University also states that, in principle, it must be possible to select a new
site.

The Swedish Radiation Protection Institute states that the planned demonstration-scale
facility can be said to constitute the first part of the construction of a repository in stages.
In the view of the Institute, in order to achieve such a disposal, SKB must make a
commitment to solutions both in terms of the spent fuel canister design, the transportation
system inside and outside the repository and the deposition method.

Studsvik AB, the Royal Institute of Technology, the University of Gothenburg and the
National Environmental Protection Board emphasize the need for supporting R&D,
following up international developments and studies of alternative methods.

The People's Campaign against Nuclear Power-Nuclear Weapons states that before a
decision is made regarding the method to be applied to "get rid o f the high-level nuclear
waste, other alternatives should be explored and presented in such a way that a compara-
tive evaluation can be made. The People's Campaign proposes that this evaluation should
be carried out in the form of a broad, in-depth public investigation including a well-
structured system of review by external bodies as an important part.

3.1.3 SKI's Evaluation

Alternative and system studies are closely linked to the general strategy for waste dis-
posal. The choice in this respect can be reduced to one of two different approaches:

- to arrange an effective and safe interim storage of nuclear waste, to carry out investi-
gations and research work in the interim, and to allow future generations to resolve
the waste issue, by applying any, hopefully, improved methods which may become
available at a later stage
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- to pursue research and development work until a stage of maturity is reached when
the final disposal of nuclear waste can be initiated by our generation.

It is possible that SKB's proposal for demonstration deposition, could, in principle, in-
volve a mixture of these two approaches, since future generations can make a new
evaluation cf different alternatives. However, as is explained in Chapter 2, in SKI's view
the term "demonstration" is misleading. At the time when a decision is made on the final
disposal of spent nuclear fuel, the safety-related issues must be identified and various
alternatives must be described so that the selection of a method can be based on a com-
parison with other alternatives. This does not prevent SKB from studying alternative
methods, even after having made a decision on final disposal, if for no other reason than
to provide future generations with the possibility of determining whether to proceed with
the remaining stages of the final disposal.

SKI accepts the main principles of SKB's plans to study various alternatives and system
designs. SKI also largely shares the viewpoints put forward by the reviewing bodies.
However, SKI wishes to develop its views concerning system studies and alternative
methods.

The Act on Nuclear Activities requires that the programme for the handling and final dis-
posal of nuclear waste should be comprehensive. This means that alternative methods
must be followed up and studied. At the same time, it is not reasonable to conduct, in
parallel, an extensive technical development of alternative methods over a long period of
time. Therefore, SKI considers that it is necessary for the programme to increasingly
focus on one method and on one system design.

The Environmental Impact Statement (EIS) which will be included in the application to
construct an encapsulation plant and in an application to construct a deep repository must
describe alternatives so that the selection of a method can be based on a comparison be-
tween these alternatives. Furthermore, a commitment to a particular method should not be
made before sufficient knowledge has been obtained to fully understand and assess the
existing problems relating to safety and radiation protection. SKI considers that this
commitment is made once a decision is made to construct the encapsulation plant and
once a decision is made to initiate detailed characterizations at a particular site.

Different alternatives and systems must be investigated as far as possible, so as to pro-
vide a sound basis for the ultimate choice. At the same time, SKI is conscious of the fact
that, because of the resources which would be required, it cannot be reasonable to de-
mand that all possible alternatives should be investigated to the same profound extent.
However, in order to be able to reject an alternative method with any credibility, SKB
must be able to prove that the alternative is less suitable than the selected main alternative
or that the resources required to investigate the suitability of an alternative are unreason-
ably high in relation to the expected benefit.

SKB is expected to follow up international developments and conduct certain supplemen-
tary studies with regard to any alternatives which are eliminated in this way, as well as
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any alternatives which are only expected to be feasible after many years of research and
development. SKI emphasizes the importance of SKB continuously evaluating whether
any alternative deserves more detailed investigation. An important aspect in connection
with this point is adequate documentation of studies and decision-making processes as
well as the fact that choices should be made openly.

3.2 ALTERNATIVE METHODS

3.2.1 Monitored Storage Over a Long Period of Time

In Section 6.2 of the RD&D report, SKB describes interim storage of spent nuclear fuel.
In Sweden, wet storage is currently applied at CLAB, which, with established methods,
is expected to be able to continue for at least 50 years. SKB also broaches the subject of
dry storage, which is a method applied in certain other countries. Interim storage for very
long periods of time (more than two generations) is not included in the strategy presented
by SKB.

Comments by the Reviewing Bodies

The National Environmental Protection Board considers that great emphasis must be
placed on the reporting of a zero alternative, i.e. prolonged interim storage. The Board
justifies this view by stating that extensive research is currently being conducted to find
alternative solutions for the final disposal of waste. The Board maintains that, when seen
from a historical perspective, the results from technical/scientific research can provide
some guidance as regards assessing future possibilities and that Sweden should, there-
fore, not make a premature commitment to one system. In the Board's view, the assess-
ment of the zero alternative will be an important factor in obtaining an overall view of the
risks and possibilities involved.

The Swedish Radiation Protection Institute considers that SKB should describe the con-
sequences of prolonging the operation of CLAB and an alternative involving monitored
high-level waste storage. In the Institute's view, a zero alternative for a repository for
radioactive substances, i.e. an alternative where no active measure is adopted in addition
to what has already been done, will have a special significance, since the waste already
exists and must be disposed of in some way. The Institute also emphasizes that society
cannot refrain from implementing a disposal solution in the same way that it could refrain
from initiating a new activity which could have an impact on the environment, e.g. build-
ing a bridge or an airport.

The Institute presents the view that one alternative could be encapsulation of the spent
nuclear fuel followed by deposition in a monitored storage facility on or near to the sur-
face. A possible reference time could be 10 000 years or less. In the Institute's opinion,
SKB should study such an alternative, with regard to a number of problems relating to
radiation protection and safety. It further states that the studies should contain a descrip-
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tion of the problems relating to radiation protection which would arise in connection with
restricted monitoring of the facility.

The Institute states that the issue which particularly deserves in-depth investigation, is the
value of constructing a demonstration-scale repository at an early stage as opposed to the
value of waiting and acquiring more knowledge. Such an investigation should also con-
tain an analysis of the consequences of a forced deposition as a result of a dramatic
change in attitude, e.g. due to a crisis within the society.

SKI's Evaluation

SKI shares the view of the reviewing bodies that studies of both disposal alternatives and
zero alternatives are required in order to obtain an overall view of the risks and possibil-
ities involved and in order to be able to make an evaluation. Thus, SKB should describe,
in detail, how prolonged wet storage and/or dry storage could be achieved.

At the same time, SKI wishes to point out that monitored storage for more than two gen-
erations is out of keeping with the basic guidelines for waste management which were
discussed in Chapter 2, and would probably also be in breach of the Act on Nuclear
Activities. It is essential that the time for depositing the spent fuel in a repository which
will not require monitoring, is not postponed too far into the future, with regard to the
uncertainty surrounding the stability of the future society and its ability to finance such an
undertaking. In SKI's opinion, interim storage close to the surface cannot be a final sol-
ution to the disposal of spent nuclear fuel.

3.2.2 Treatment of Spent Nuclear Fuel and Final Disposal of
NuclearWaste

SKB maintains that the main alternative for treating spent nuclear fuel is interim storage
followed by encapsulation, followed by direct final disposal. Many countries carry out
reprocessing methods which result in high-level vitrified waste and different types of
low- and medium-level waste. Most of this waste must be finally deposited at great
depths.

Several countries are carrying out significant research within the area of partition and
transmutation. In SKB's view, the technical principles for partition and transmutation can
be considered to be established, with certain reservations. However, SKB cannot see any
advantage of applying such a method. Furthermore, the method will not eliminate the
need for the final disposal of radioactive waste, since small residual products will always
exist.

SKB observes that all the countries which are studying final disposal have selected dis-
posal in geological formations as their main alternative. In SKB's view, disposal beneath
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the seabed has both advantages and disadvantages. SKB's work is focussed on land-
based deposition in crystalline bedrock.

Comments by the Reviewing Bodies

The National Defense Research Institute observes that alternative methods for handling
spent nuclear fuel and for final disposal are only briefly treated in RD&D Programme 92.
In the Institute's view, this is natural, since the purpose of the programme is to provide a
basis for the method identified when permission to load certain reactors was given,
namely direct disposal of spent nuclear fuel in a repository located deep in the Swedish
bedrock. However, the Institute points out that research into other methods is required,
e.g. conversion of spent fuel into more short-lived isotopes and other disposal principles
for re: ;essed or non-reprocessed spent fuel. The Institute observes that it appears to be
primarily SKI's responsibility to ensure that knowledge and evaluations of such alterna-
tives exist when the Government has to make the ultimate decisions.

The Local Safety Committees at Forsmark and Östhammar hope that, in its next RD&D
programme, SKB will provide a more comprehensive description of the possibilities
offered by transmutation.

The University of Uppsala states that, in Sweden, groups at the University of Uppsala,
the Royal Institute of Technology and Chalmers University of Technology intend to start
certain research work on transmutation with the aim of investigating its potential for
Swedish purposes. It is the opinion of the University that this further emphasizes the re-
quirement that the radioactive waste should be deposited in such a way that it can be re-
trieved. In the view of the University, Sweden, with its scientific and technical expertise
should be able to participate in such research work, which could have considerable indus-
trial significance in the long-term.

SKI's Evaluation

SKI considers land-based geological final disposal of spent nuclear fuel to be the only
realistic main alternative. However, SKI does not consider it to be appropriate to en-
capsulate spent fuel before the detailed final disposal system to be used has been estab-
lished.

SKI considers that a need still exists for incorporating a greater breadth of alternative and
comprehensiveness into SKB's programme. Furthermore, in SKI's view, even if SKB's
programme continues to focus on specific technical solutions, SKB should still study al-
ternative possibilities in parallel, e.g. reprocessing, partition and transmutation.
However, as stated in Chapter 2, in SKI's view, transmutation cannot be considered to
be a realistic alternative for several decades. In addition, some form of repository for
long-lived waste will be needed, in any case. In general, SKI has no objection to SKB's
plans concerning alternative methods.
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3.3 SYSTEM STUDIES - SELECTION OF MAIN
ALTERNATIVE

3.3.1 Introduction

SKB's research and development work has largely focussed on issues which are relevant
to different systems within the framework of the main alternative of deep geological dis-
posal of encapsulated spent nuclear fuel. The normal approach adopted with such a pro-
gramme, where research and development must, gradually, result in an operating facility,
is to start from a broad basis of research. Through the research work, answers to relevant
issues are obtained, and these answers then provide the basis for selecting a reference
system for further study.

With such a successive approach, the degree of freedom is reduced as the project pro-
gresses. The broad research basis is subsequently narrowed down to one main alterna-
tive. A second alternative is often also selected in the event the main alternative should
prove, for some reason, to be less suitable.

It is necessary to magnify the scale of the work, since certain experience cannot be gained
on a small scale. Some of this experience is required in order to identify and direct differ-
ent research activities. At the same time, the cost of the activity usually increases dramati-
cally when the transition is made from research-scale to pilot-scale.

A key issue in the transition from R&D to RD&D is the selection of the main alternative
and second alternative. As a basis for making this selection, SKB carried out a compara-
tive study of systems, called the Project on Alternative Studies for Final Disposal
(PASS).

3.3.2 SKB's Conclusions

Accoiding to SKB, current knowledge is adequate to provide a basis for selecting a pre-
ferred disposal system design. A description of the systems for the geological disposal of
spent nuclear fuel which have been studied in Sweden is provided: WP-Cave, very deep
boreholes (VDH), very long tunnels (VLH), medium-long tunnels (MLH) and KBS-3.
Chapter 11 of the R&D report describes final disposal methods and the programme for
further work.

SKB states that the conclusion drawn from the studies which have been carried out is that
further work on designing a deep repository should focus on one alternative. In this way,
states SKB, the required focus and goal-orientation in the development and project work
will be obtained.

In its comparison of WP-Cavc and KBS-3, SKB draws the conclusion that the higher
temperature is a decisive disadvantage of the WP-Cave method. With this factor there is
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greater uncertainty in the data and dominant processes and, thereby, also a greater uncer-
tainty in the expected consequences.

SKB also reports the results of PASS. This study includes a number of disposal systems
and canister alternatives, as shown in Table 1. Table 2 presents a list of possible methods
for drilling tunnels and applying bentonite.

PASS is evaluated from three standpoints: technology, long-term safety and cost. Based
on the study, SKB reaches the conclusion that:

- Canisters which can accommodate 12 BWR fuel elements, or a corresponding ther-
mal load, are recommended instead of canisters with a double capacity.

- Copper-covered steel canisters (composite canisters) are recommended.

- The KBS-3 design is recommended.

SKB's conclusions for future work are as follows:

- The KBS-3 design will be kept as the reference system and that

- the copper-steel canister will be the reference canister at the same time that the copper-
lead canister will be further studied as a second alternative.

In line with its choice of reference system and reference design, as well as its decision to
focus on one system (in accordance with Section 14.1.2 of the RD&D Programme),
SKB plans that further studies on deep boreholes will primarily involve a limited follow-
up of the ongoing research on the properties of the rock at a depth of several kilometres.
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Table 1. Repository system and canister alternatives in PASS

Repository system Canister variations

KBS-3 copper filled with lead
copper/steel - composite canister
copper - hot isostatic pressed
steel filled with lead
steel

VDH = Very Deep Holes titanium - self-bearing
titanium - concrete-filled
copper - hot isostatic pressed

VLH = Very Long Holes copper
copper/steel - composite canister
steel

MLH = Medium-Long Tunnels same as for KBS-3

Table 2. Methods for rock excavation and bentonite application for dif-
ferent repository systems

Repository system

KBS-3 tunnels

KBS-3 canister holes

Medium-long tunnels

Long holes

Deep boreholes

Methods for rock
excavation

blasting

drilling

drilling

full-face drilling

drilling

Methods for bentonite
application

in-situ compaction

pre-compacted finished
blocks

pre-compacted finished
blocks

pre-compacted finished
blocks

pre-compacted finished
blocks
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3.3.3 Comments by the Reviewing Bodies

In the view of the Municipality of Varberg, SKB should not base its selection of a dis-
posal method on proving that the model it has already chosen is best. The Municipality
wonders, for example, whether a deep repository based on the KBS-3 model, but at a
greater depth, has been studied and whether deep boreholes have really been analyzed on
the right premises. The Municipality states that the PASS study raises too many unre-
solved issues, and reaches the conclusion that the method selection study must be carried
out in a systematic way that inspires confidence, before the siting process can be com-
pleted.

The People's Campaign Against Nuclear Power-Nuclear Weapons states that during
October 1992, SKB completed a report called PASS, which has been designated a final
report. In doing so, the company seems to wish to indicate that its investigation into al-
ternative methods can now be considered complete. In the view of the People's
Campaign, the evaluation of the current RD&D programme will, therefore, be a deter-
mining factor as regards the ultimate decision on the treatment of spent nuclear fuel.

Furthermore, the People's Campaign comments that the report is brief and that it is not
unexpected that SKB's conclusion is that the KBS-3 model is the best and that any model
(VDH, very deep boreholes) which most deviates from the KBS-3 concept is the worst.
The People's Campaign states that inadequate knowledge seems to have been regarded as
a bothersome disadvantage of the alternatives investigated. This is an attitude that is par-
ticularly noticeable with regard to the evaluation of deep boreholes.

The People's Campaign recommends that all possible risk scenarios should be detailed as
well as systematically and exhaustively analyzed before a method is finally selected.

In the view of the local section of the People's Campaign in Oskarshamn and Save the
Voxna Valley, SKB's intention is clearly to gain approval for the RD&D Programme 92
and thereby show that KBS-3 is the only valid alternative. In their view, the RD&D
Programme 92 must absolutely not be a short cut for the construction of a repository
based on the KBS-3 concept.

The Society for the Conservation of Nature states that it has still not been established
whether the long-term safety of a repository based on KBS-3 will prove to be adequate.
In the view of the Society, a further evaluation of the method of deep boreholes should be
conducted by independent bodies and if such an evaluation indicates that it would be
worthwhile to pursue that course of investigation, a demonstration facility should also be
constructed for a repository based on that method.

The Society also discusses safeguards-related issues (see Section 5.7.5). In the report re-
ferred to by the Society, it is stated that there is reason to believe that a final disposal
method based on deep boreholes may provide a solution to the environmental and safety-
related problems associated with a repository.
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The Local Safety Committees at Forsmark and at Östhammar refer to the Government's
1984 statement which reads as follows: "the method in its entirety and in all essentials has
been found to be acceptable with regard to safety and radiation protection." Thus, the
Committee considers that the proposed demonstration-scale repository should be based
on the KBS-3 method.

Chalmers University of Technology states that, by the very fact that SKB's final disposal
project is entering a more technical phase, where SKB intends to acquire experience from
constructing a repository on a full-scale, SKB has, at the same time indicated that it con-
siders that the research work has progressed so far ihat the required knowledge base for
undertaking such construction work exists. Chalmers has analyzed this issue and has
reached the conclusion that this is in fact the case in all essential respects, i.e. as regards
general strategy, system selection, encapsulation, deep disposal and supporting R&D.
However, during the review work, a number of unresolved issues have been identified
which have not been investigated to a reasonable extent by SKB.

The Swedish Natural Science Research Council observes that the choice of a main alter-
native (KBS-3) seems to be well-justified and finds it reasonable, once an adequate tech-
nical basis is available, for development work to focus on the best alternative.

The Swedish Radiation Protection Institute maintains that deep boreholes provide a com-
pletely different type of solution with special problems and advantages. On examining
SKB's reasoning with regard to deep boreholes, the Institute has found that SKB does
not actually identify any direct deficiencies in the system, but rather an uncertainty which
is founded on less knowledge and greater uncertainty regarding cost. Furthermore, KBS-
3 and deep boreholes share the same feature, which is that the spent nuclear fuel will be
difficult to access once it is deposited and the repository is sealed. According to the
Institute, difficulty in gaining access to the fuel is an important and positive characteristic.
The Institute does not consider retrievability to be the right of future societies and is of the
opinion that protection from radiation exposure must be given first priority.

The University of Lund observes that Sweden has opted for a copper canister while other
countries, e.g. Canada, are focussing on a titanium canister. The University considers
that it is too early for Sweden to commit itself completely to the copper canister alterna-
tive, since it has certain deficiencies (corrosion studies are proposed in the programme).
In the view of the University, the copper canister is a realistic alternative which provides
adequate protection. However, at the same time, the University wonders whether better
alternatives exist. Is titanium preferable or is gold-plated copper even better, since cor-
rosion problems could be completely eliminated for a long period of time?

3.3.4 SKI's Evaluation

SKI wishes to emphasize that the method must be selected in a systematic manner which
inspires confidence. In the RD&D programme, SKB only reports the conclusions of its
PASS study, not the results of the analyses and not the pros and cons which were con-
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sidered. Furthermore, important parts of the background material (Pusch and Börgesson,
1992, Olsson and Sandstedt, 1992, Birgersson et al., 1992, and Ageskog and Högbom,
1992) were only available at a late stage of SKI's evaluation of the programme. The
views which SKI presents below concerning the PASS study must, therefore, be re-
garded as preliminary.

Through the PASS study, SKB has come much closer to its goal of selecting a final dis-
posal system. It is positive that comparisons between the alternatives have been made
from various standpoints such as safety, technology and cost. However, one deficiency
is the main report which is too brief in parts and from which important information from
the background reports was unfortunately excluded. Another deficiency is the largely
subjective judgements underlying the comparisons and the fact that, in addition, these
judgements were made by individuals who are closely connected with SKB. However,
SKI is aware of the fact that a disposal system can probably never be selected entirely on
the basis of objective, quantifiable facts.

An important premise of the PASS study is that SKB maintains that, in its descriptions of
the different systems, it does not claim to present optimum solutions. In addition, it is
evident from PASS, that the purpose of the study was to promote understanding of im-
portant functions of the systems as well as to compare the alternative systems with the
KBS-3 reference system. It should not be expected that anything more than general - but
nevertheless important - conclusions can be drawn from a study conducted on such a
basis.

Deep Boreholes

It is very evident in SKB's reports that the deep borehole concept is different from other
alternatives studied in that the uncertainty, including the uncertainty over long time spans,
is assessed to be considerable greater with regard to a number of decisive factors:

- no canister has been identified which can withstand, for a long period of time, the hot
and chemically aggressive environment which exists

- only a buffer with comparatively low density can be achieved with the methods for
bentonite application which have been identified

- the buffer has considerably lower stability than in other alternatives (reduced swell
capabilities, uneven swelling, risk for cementation etc.)

- knowledge of the properties of the rock is very inadequate

- it is difficult to characterize the rock at great depths

- canisters could be damaged if they were deposited using existing deep hole methods
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- problematic scenarios can be identified, e.g. drilling rods falling on deposited canis-
ters.

The obvious approach might appear to be to immediately eliminate a method which is as-
sociated with such serious uncertainties and drawbacks from the standpoint of safety.
However, SKI wishes to refer to the question posed by certain reviewing bodies as to
whether inadequate knowledge in itself should constitute a basis for eliminating alterna-
tive methods. In SKI's view, in order for the selection of a particular method to be
founded on a solid basis, it is necessary that reasonable efforts should be made to in-
vestigate and compare different alternatives, and to clearly document the pros and cons
considered and the decisions taken. When different alternatives are evaluated, existing
knowledge must, naturally, be used to understand the issues involved and to make
judgements. At the same time, gaps in knowledge which need to be filled must be ident-
ified. It is also necessary to establish how the missing knowledge can be gained - if it can
be gained - and what efforts are required.

Extremely high demands on inaccessibility from the point of view of safeguards are
hardly reasonable bearing in mind the alternatives for producing fissile material which are
always available. However, SKI has not found, in either the RD&D Programme or in
PASS, any detailed comparison of the methods with regard to retrievability.
Furthermore, SKI wishes to draw attention to the fact that it is not at all certain that the
deep borehole concept would make retrieval of the waste difficult, which certain re-
viewing bodies maintain. Statements made in Olsson and Sandstedt (1992, Section 10) as
well as Pusch and Börgesson (1992, Section 2.2.1.4) indicate, instead, that canisters de-
posited in deep boreholes could be the least difficult to retrieve. The issue should be
further investigated by SKB.
In SKI's view, SKB should continue with certain work on deep boreholes. The purpose
of such work would mainly be to assess the possibility of filling important gaps in
knowledge. Only after this is accomplished, will it be possible to completely establish
whether this alternative should be excluded from more detailed study.

Selection of Main Alternative

The elements of SKB's main alternative which SKI has found to be of particular interest
are the drilled deposition hole in KBS-3 and the size of the canister in KBS-3. Thus, SKI
considers it to be reasonable that the KBS-3 design should comprise the main alternative
and reference system for further development work. However, this does not mean that
SKI accepts that a commitment should be made to the detailed design of the system be-
fore sufficient knowledge has been obtained to fully understand and assess the relevant
problems relating to safety and radiation protection. SKB needs to continue its work by
conducting practical tests of the encapsulation method. Moreover, SKB should carry out
an in-depth and integrated safety assessment of the entire repository system which would
provide an overview of the technical requirements which should be made on different
components and how these requirements should be weighed up in relation to each other.
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3.4 DETAILED DESIGN OF THE KBS-3 METHOD

3.4.1 The Repository Design

In Chapter 6 of the RD&D Programme and Chapter 11 of the R&D Report, SKB states
that it now wishes to continue work on the KBS-3 alternative to establish the detailed re-
pository design. SKI wishes to take up certain overall issues at this point. Other views
are reported in Section 5.7 of SKJ's evaluation.

One overall issue of which SKI has not found any detailed discussion in SKB's RD&D
Programme, is the repository depth. This issue is discussed in further detail in the section
on geoscience (see Section 7.5).

The drilled deposition hole appears to offer the possibility of ensuring that acceptable
conditions exist in the near field, since it should be possible to reliably determine the
properties of the rock surrounding the drilled hole. However, this has not yet been de-
monstrated, and this conclusion should be verified through investigations in the Äspö
Hard Rock Laboratory, for example.

Traditionally, drilling and blasting have been used for tunnel excavation and it is also the
method which has been included in the KBS-3 method since the start of the programme.
An important advantage of drilling and blasting is that the method is very flexible and
allows, for example, the direction of a tunnel to be varied without any significant restric-
tion. A disadvantage of the method could be that it results in damage to the rock surface
(disturbed zone).

Recently, tunnel excavation by drilling using large machines has been implemented, and
it is possible that this method will be dominant in the future. Full-face drilling can offer
advantages in that the tunnel is endowed with a circular cross-section area with very
minor deviations and that the rock surface is relatively unaffected. A disadvantage of the
method could be that the smallest possible radius of curvature in the tunnel could be com-
paratively large.

In Section 4.2 of the PASS report, SKB proposes, for the KBS-3 alternative, full-face
drilling for the access tunnels and drilling/blasting for the deposition tunnels. However,
SKB has not clearly defined the importance of the tunnel excavation method to the layout
of the repository and to its performance, in general, as well as to its safety. The differ-
ences between blasting and full-face drilling could entail important differences in the
overall layout of the repository as well as the manner in which the bentonite buffer is
applied. Some of the questions which could arise include:

- How important to safety is the difference in potentially water-bearing fracture zones
in the tunnel wall?

- How important to safety is the lower degree of water percolation and oxygen absorp-
tion in the rock which could arise as a result of less crushed rock produced in con-
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nection with full-face drilling. (Oxygen absorption during the operating stage could
affect the redox potential and corrosion environment for the canister during the
repository stage).

- Is the selection of the backfill method using bentonite affected by the selection of the
tunnel excavation method? Is it possible, for example, that full-face drilling with im-
proved size allowance could allow bentonite, which is pre-compacted in a factory, to
be used as backfill material in the tunnels?

- Is the overall layout of the repository affected by the selection of the method for
tunnel excavation? Would full-face drilling, for example, allow the repository tunnels
to be drilled on different levels (e.g. as a switchyard but with different tracks on dif-
ferent levels)? Would this involve any advantages from the rock mechanical stand-
point and/or from the standpoint of temperature?

SKB should examine these, and similar issues before the detailed system design is
selected.

In its RD&D Programme 92 and in PASS, SKB fails to describe in detail the method for
pre-compacting bentonite blocks or the method for compacting bentonite in-situ. SKI
would like to see such a description provided. The powder - whether it consists of ben-
tonite powder or bentonite powder mixed with sand - will probably have to be pre-treated
before compaction. What method will be used? What additives will be used? Will itie
powder be dry or moistened with water? What method will be used for the compaction of
bentonite blocks, (e.g. linear pressing or isostatic pressing)? What method will be used
for the compaction of bentonite in-situ? How will the desired homogeneity and density be
obtained? SKB should conduct a detailed investigation into these and similar issues.
(Bentonite handling and tunnel excavation are also discussed in Chapter 5, Deep Disposal
of Spent Nuclear Fuel).

3.4.2 Canister

The Swedish programme is unique, when seen from an international perspective, since it
requires a canister with a very long service life. One exception in this respect is the
Finnish programme, which is very similar to the Swedish. SKI supports SKB's strategy
of concentrating on developing a canister with a long service life.

SKB's Conclusions from the PASS Study

SKB's high level of confidence in the ability of the canister to contain radionuclides for a
very long period of time has been expressed in the SKB 91 safety assessment report,
recently published by SKB. In SKB's RD&D Programme 92 (especially in the Chapter 4
of the R&D Programme), SKB also reports results and conclusions which indicate the
mechanical and chemical stability of the near field over a very long period of time.
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In PASS, SKB states that the copper canister produced by hot isostatic pressing, the
copper/lead canister and the copper/steel canister satisfy very high safety requirements
with regard to corrosion. The difference which exists between these alternatives concerns
the performance of the canisters in connection with defects. However, the alternatives are
judged to be equal, since the probability of a defect arising in all the canisters is expected
to be very low. However, it is assumed that lead will provide as adequate protection from
corrosion as copper.

The performance of the particulate fill material in the copper/steel canister seems to be
more unclear. Furthermore SKB has not specified the chemical and physical form which
any particulate fill material in the copper/steel canister will have. In the R&D report, SKB
states that the material may be relatively inert or it may be chemically or nucleophysically
active. SKB plans to conduct further studies before determining whether a solid fill
material should be used and if so, which kind.

From the mechanical standpoint, the copper/steel canister seems to be the most advan-
tageous alternative (PASS).

From the staiidpoint of process technology, the copper/steel canister is considered to be
the most advantageous (PASS, Section 5.3.5), since it neither requires lead casting (like
the copper/lead canister) or high pressures and temperatures (like the canister produced
by hot isostatic pressing) in the radiation-shielded cell.

SKB's conclusion is that the copper/steel canister is the reference alternative with the
copper/lead canister as the alternative (RD&D 6.5.3).

Comments by the Reviewing Bodies

ABB Atom states that a number of different canister alternatives are mentioned in SKB's
RD&D Programme 92, and that a canister produced by hot isostatic pressing (HIP) has
also been studied at an earlier stage. This work is referred to in the detailed R&D pro-
gramme but is not mentioned in the main report. ABB Atom considers that the HIP
method of manufacturing canisters should be studied once again, since it provides a very
good encapsulation for the spent fuel. In the view of ABB Atom, SKB should investigate
whether the method can be applied to other canister alternatives, e.g. in connection with
the application and sealing of the copper layer on the composite canister, to determine
whether a layer which is attached to the steel without leaving a gap can be obtained, and
also to determine whether a solution with built-in stresses can, thereby, be obtained.

The Royal Institute of Technology points out that it is typical of the safety culture which
characterizes nuclear activities in general that safety is based on a number of barriers
which function independently of each other. In this way, it can be ensured that the sur-
roundings are shielded from the radioactive residual products generated when nuclear
energy is produced.
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The Institute states that the same philosophy is applied to the lead-filled copper canister.
This alternative comprises the following barriers (starting from the furthest barrier): ben-
tonite, copper, lead, zircaloy cladding and, finally, the low-soluble uranium oxide. The
Institute finds that the composite canister contradicts this philosophy somewhat. The steel
canister certainly endows the canister with a somewhat higher mechanical integrity, but
The Institute wonders what will happen if, in spite of everything, a defect occurs in the
copper canister, and whether, in such an event, there will not be the risk of a galvanic
corrosion process starting, where steel will act as a sacrificial anode for the copper. If
voluminous corrosion products are formed by the steel, can this aggravate the defect in
the copper, thereby accelerating the process? In The Institute's view, this issue has been
inadequately investigated - although it is included in the five-year programme - and em-
phasizes the importance of SKB thoroughly studying the matter.

The Institute states that not only the pure corrosion-related issues, but also the safety-
philosophical aspects of the problem should be studied. The process technological prob-
lems associated with lead-filling must be weighed up against the reduced level of safety
which the copper canister probably provides. The Institute's conclusion is that it is too
early to consider the composite canister as a first alternative to the copper canister. Thus,
planned demonstrations of manufacturing and the development of manufacturing pro-
cesses as well as methods for manufacturing control should be directed towards fulfilling
the needs of the composite canister as well as the copper canister.

The University of Stockholm states that if the steel in the copper/steel canister, for any
reason, should come into contact with the groundwater in the surrounding bentonite
buffer, the steel will corrode relatively quickly.

The Council for Planning and Coordination of Research observes that the copper/steel
alternative (composite canister) has been selected as the main alternative for further devel-
opment work. The Council considers that it is probably wise to focus on one alternative,
and that the choice of copper as a corrosion-resistant outer barrier with steel as a mechan-
ical-bearing support seems to be well founded.

The Swedish Radiation Protection Institute wonders if the modified canister concept (the
composite canister) which SKB presents in its RD&D programme means that SKB is
lowering its ambition to isolate the spent fuel from the biosphere. The Institute expresses
great uncertainty as to the integrity of the new canister, e.g. how the canister is affected
by any fill material, the different rates of expansion of the canister materials as a result of
temperature changes and the corrosion process as a result of damage to the surrounding
copper canister.

The University of Lund states that SKB discusses filling the canister with inert or chemi-
cally active material in order to reduce the volume of free space. The University believes
that a chemically active material which can bind radionuclides, in the event of an accident,
would be the best solution. The Council for Planning and Coordination of Research also
considers that the possibility of filling the "void" in the canister with a suitable material
should be evaluated (e.g. inert gas, pH buffer, chemical sorbent etc.).
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The People's Campaign against Nuclear Power-Nuclear Weapons notes that SKB's pre-
vious safety assessments were based on a copper/lead canister. Since SKB has now
changed its canister design, it is no longer certain that the conclusions drawn in the pre-
vious assessments are still valid.

SKI's Evaluation

The canister design studies and temperature calculations that SKB has carried out indicate
that no special advantages - but rather disadvantages - can be gained from using canisters
that are much larger than the KBS-3 canisters. Due to the limitations that SKB must deal
with in terms of surface temperature, large canisters cannot be completely filled with fuel
elements. One consequence of this, is that the amount of copper per fuel element will be
greater in the larger canisters than in the smaller ones.

The canister volume could be more effectively used - compared with the KBS-3 canisters
- if the fuel were consolidated, i.e. if the fuel rods were separated from other parts of the
fuel elements and densely packed. SKB has studied this possibility for the smaller canis-
ters which would be used in the deep borehole alternative (Juhlin and Sandstedt, 1989,
Section 7.2.6). However, the higher heat generation in combination with the higher tem-
perature of the rock would result in an undesirably high surface temperature. Another
disadvantage of the method is that the consolidation would mean additional cell handling
of the spent nuclear fuel. However, it seems as though it would be more advantageous,
from the standpoint of the surface temperature, to deposit canisters (of the smaller type
which would be used in the deep borehole alternative) containing consolidated fuel in a
repository based on the KBS-3 concept (where the temperature of the rock is consider-
ably lower). SKB is, therefore, advised to investigate this possibility.

SKI observes that SKB seems to have settled for copper as the canister material. Neither
the planned system studies nor the alternative studies contain any work on alternative
canister materials. However, SKI wonders if a whole-hearted commitment to copper is
really suitable, at this stage, or whether another, superior alternative can be found. Since
it cannot be excluded that further work may prove that copper may have less suitable pro-
perties than SKB has so far come to expect - as can sometimes occur in ongoing devel-
opment work - the absence of an alternative material increases SKB's vulnerability.
Thus, SKB should consider whether an alternative canister material should be included in
the programme for system studies and alternative methods.

In SKI's view - as in SKB's - hot isostatic pressing of copper, together with spent
nuclear fuel in a radiation-shielded cell involves considerable disadvantages from the
standpoint of process technology. However, at the same time, SKI wonders whether
SKB has considered the possibility of manufacturing copper canisters by hot isostatic
pressing before the spent fuel is placed in the canisters. Hot isostatic pressing, like the
method studied by SKB involving rolling and welding, has advantages and disadvan-
tages. An interesting characteristic of hot isostatic pressing seems to be that the process
can be controlled so that a very small grain size is obtained in the treated material. This
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may be favourable from the standpoint of safety if it means that ultrasonic inspection of
the welds can be considerably facilitated.

SKI has commissioned investigations into the problems associated with filling the canis-
ter with lead or a similar metal (Hultgren, 1993). It has been found that if lead is suitably
alloyed, casting can be carried out at considerably lower temperatures. Furthermore, it
may not be necessary to add the metal to the canister in molten form. In a process, devel-
oped by Eurochemic, for casting high-level glass beads from reprocessing, the lead is
added in paniculate form, which is then melted, in-situ in the canister.

SKI - like SKB - considers that it is likely that the lead in the copper/lead canister would
provide a considerable corrosion protection if the copper canister should become dam-
aged. Furthermore, SKI considers that it is advantageous to have a multi-barrier system
and that the lead probably contributes to maintaining the integrity of such a system. SKI
suspects that the corrosion of the iron canister in a copper/steel canister could occur rela-
tively quickly if the copper canister should become damaged. The minor initial canister
defects that SKB assumed in SKB 91 could quickly become aggravated. This limits the
usefulness of SKB 91. SKI also maintains that the fill material must not be allowed to
have a negative impact on the ability of the spent nuclear fuel or other components in the
near field to retain radionuclides.

SKI wishes to mention a few additional issues which should be investigated in SKB's
further work on the detailed selection of the canister design:

- What scenarios for future events in a repository and which "requirements" on future
performance are included in the design bases of the canister?

- How can the canister's properties and performance be predicted over long time
spans?

- How can quality assurance be achieved?

- Which alternative canister designs can be of interest? (E.g. copper-iron-lead, copper-
lead-iron, copper-copper-another metal, titanium-copper-another metal).

- What is the importance of the thickness of the canister walls to manufacturing, safety
and cost? (For example, it is not necessarily true that a canister with a thicker wall
will be more durable).

- What protection and what redundant protection (multi-barrier principle) can be ob-
tained by filling the canister with lead or a similar material? Which other similar ma-
terials can be of interest?

- How will the copper canister and the steel canister be dimensioned in relation to each
other? How will they be "docked" to each other? How will they affect each other
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mechanically or, in other words, when will they glide against each other and when
will friction occur?

- What is the situation for different types of canisters as regards the risk of initial canis-
ter defects?

SKI's purpose in discussing certain alternative approaches above is not to identify
methods which would be "better" than those proposed by SKB itself. Instead, the pur-
pose is to provide examples of the types of issues which SKB needs to investigate before
the detailed canister design can be determined.

3.5 SUMMARY OF SKIS EVALUATION

SKB describes different alternative methods for the handling and final disposal of spent
nuclear fuel which are being studied or have been studied around the world. SKB also
describes different systems for the main alternative of deep geological disposal of encap-
sulated spent nuclear fuel. Finally, variations on the more detailed system design of the
KBS-3 alternative are discussed.

SKI accepts the main features of SKB's plans to study various alternatives and system
designs. The Environmental Impact Statement (EIS) which will be included in the appli-
cation for a permit to construct the encapsulation plant and in the application for a permit
to construct a repository, must include descriptions of alternative methods in order to jus-
tify selecting the method for which the permit is being sought. However, in order to be
able to reject an alternative method with any credibility, SKB must be able to prove that
the alternative is less suitable than the selected, main alternative or that the resources re-
quired to investigate the suitability of an alternative are unreasonably high in relation to
the expected benefit. SKB should also be careful not to commit itself to a particular
method before sufficient knowledge has been obtained to fully understand and assess the
existing problems relating to safety and radiation protection. At the same time, it is not
reasonable to conduct, in parallel, an extensive technical development of alternative
methods over a long period of time. Therefore, SKI considers that it is necessary for the
programme to increasingly focus on one method and on one system design.

SKB should provide a more detailed account of how prolonged interim wet storage
and/or dry storage of spent nuclear fuel can be achieved. On the other hand, it is essential
that the time for depositing the spent fuel in a repository which will not require moni-
toring, should not be postponed too far in the future, with regard to the uncertainty sur-
rounding the stability of the future society and its ability to finance such an undertaking.
In SKI's opinion, interim storage close to the surface cannot be a final solution to the
disposal of spent nuclear fuel. However, SKB should still follow international develop-
ments and conduct certain additional studies of alternative methods in order to continu-
ously evaluate whether any alternative deserves more detailed investigation.
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In PASS, SKB has compared the safety, technology and cost of some of the most pro-
mising systems. In SKI's view, SKB has, in this respect, come much closer to its goal
of selecting a system. However, several of SKB's background reports on PASS were
made available to SKI at a late stage in the evaluation. Consequently, SKI's views on this
matter may be supplemented and modified after a more thorough examination.

A series of reasons, most of which are safety-related, indicate that deep boreholes do not
need to be studied further as a complete system. However, exactly what work would be
necessary in order to obtain the required knowledge concerning the role of the bedrock,
deposition methods etc. is unclear. SKB should conduct such an evaluation before deep
boreholes can be excluded as a possibility for more comprehensive studies.

The elements of SKB's main alternative which SKI has found to be of particular interest
are the drilled deposition hole in KBS-3 and the KBS-3 canister size. Thus, SKI con-
siders it reasonable that the KBS-design should be the main alternative and reference
system for further development work. However, this does not mean that SKI accepts that
a commitment should be made to the detailed design of the system before sufficient
knowledge has been obtained to fully understand and assess the relevant problems re-
lating to safety and radiation protection. SKB needs to continue its work by conducting
detailed system studies and practical tests of the encapsulation method. Before a definite
commitment is made to the detailed canister design and before a suitable site is selected,
SKB should carry out an in-depth and integrated safety assessment of the entire reposi-
tory system which would provide an overview of the technical requirements which
should be made on different components and how these requirements should be weighed
up in relation to each other.

The programme is vulnerable to a certain extent, since SKB has not identified any second
alternative to copper as the canister material.

As regards the detailed layout of the deep repository, SKI notes that SKB does not ex-
plore in detail whether the deposition tunnels shall be excavated by blasting or by drilling.
SKB does not report any detailed plans for developing the method of pre-treating ben-
tonite powder or the method of applying the bentonite buffer. However, in SKI's view,
the solutions selected by SKB for excavating tunnels and for applying the buffer should
be of great importance to safety, technology and cost.

Certain alternatives to the detailed design of the canister have not been investigated in
SKB's canister studies. These alternatives include filling the cavity around the fuel with
alloys containing lead, in-situ melting of the fill metal and manufacturing of canisters
using HIP (HIP = Hot Isostatic Pressing). Furthermore, SKB does not report any de-
tailed plans for investigating the chemical and physical form as well as the intended func-
tion of the paniculate fill material in the copper/steel canister. SKI would also like to see a
more detailed evaluation of the importance of the thickness of the copper wall, corrosion
protection for lead, risk of friction between the steel vessel and the copper canister etc.
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The examples mentioned above indicate that SKB cannot be considered to have studied
alternative designs and methods in sufficient detail to make a soundly based selection of a
system - in any case not the detailed selection. SKI therefore recommends that SKB
should carry out studies similar to PASS on the design of the deep repository and the
selection of the canister, before too great a commitment is made to a particular method.
This work is of great importance to other activities in the programme. An important pre-
mise for the development of methods for manufacturing and sealing canisters is that the
design bases should be clearly identified. In addition, the design of the repository and the
canister must be specified in detail in order to allow a safety assessment to be made. In
many cases, detailed information on the design of the system is needed in order to carry
out the experiments which are planned at the Äspö Hard Rock Laboratory - especially
long-term tests.
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4 CANISTER MANUFACTURING AND
ENCAPSULATION

4.1 INTRODUCTION

According to SKB's plan for demonstration deposition, a facility for the encapsulation of
spent nuclear fuel is expected to be commissioned in the year 2007, at the earliest. In the
light of the fact that SKB already stores spent nuclear fuel at CLAB, SKB considers that
constructing the encapsulation plant as an extension of CLAB would be advantageous.

SKB's studies of the encapsulation plant and related issues are to be conducted with the
aim of submitting an application for a permit to construct the plant, at the end of 1996, in
accordance with the Act on Nuclear Activities and the Act concerning the Management of
Natural Resources etc.

In SKB's RD&D Programme 92, SKI has not found any information on the planned
capacity or cost of the encapsulation plant. However, when this was queried, SKB stated
that the plant is expected to be dimensioned so as to encapsulate all the spent nuclear fuel
from the Swedish nuclear power programme. Thus, the plant will be constructed on a full
scale from the outset, and will therefore not be a demonstration-scale facility in terms of
capacity. A likely cost-estimate for the construction of the encapsulation would be SEK
2-3 billion.

SKB's plans for the encapsulation plant do not include the manufacturing of the actual
canisters. Furthermore, in SKB's description, SKI has not found any mention of any
manufacturing facility that SKB intends to use for this purpose.

As described in Section 6.5.3 of RD&D Programme 92 and based on the conclusions
drawn in PASS, SKB has selected the copper-clad steel canister as the reference canister.
In the light of the fact that SKB views the canister as an engineered barrier which is vital
to long-term safety, further work will also be carried out on a second alternative, namely
the copper/lead canister.

As stated in Chapter 3, SKI approves, in essence, of focussing on canisters which are of
the size included in the KBS-3 concept and which contain copper or combinations of
copper and other materials. At the same time, SKI emphasizes that an important premise
for the development of methods for manufacturing and sealing canisters is that the design
bases are specified and recommends SKB to immediately set to work to establish the
additional information which can be required for the selection of the detailed canister
design.

4.2 CANISTER MANUFACTURING

In Section 8.2 of RD&D Programme 92, SKB states that several different alternatives
exist for the manufacturing of the copper canister. The most promising methods are con-
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sidered to be hot isostatic pressing and extrusion of copper to a tube or canister, or rolling
and forming a copper plate with a longitudinal weld.

In RD&D Programme 92, SKB does not provide a detailed description of these methods.
Furthermore, SKB does not describe the other methods which are available. However,
such descriptions can be found in some of the background reports to PASS, primarily
Rajainmäki et al., 1991 and, as regards hot isostatic pressing (HIP), Ekbom and
Bogegård, 1989.

In Rajainmäki et al., 1991, a number of methods are described and are qualitatively com-
pared with regard to technology, quality and cost. Comparative quantitative cost-esti-
mates were also carried out, for the methods which were found to be of particular in-
terest, i.e. extrusion and rolling/jointing.

In the report, it is stated that several of the methods seem to be feasible, but, at the same
time, it is pointed out that a number of questions would more or less require development
work to be resolved. For example, it is unclear if a facility currently exists, anywhere in
the world, which is suitable for manufacturing such large canisters by any of the methods
discussed.

In its comments, ABB Atom emphasizes the possibility of using hot isostatic pressing
(HIP). ABB Atom considers that the HIP method of manufacturing canisters should be
studied once again, since it provides a very good encapsulation for the spent fuel. In the
view of ABB Atom, SKB should investigate whether the method can be applied to other
canister alternatives, e.g. in connection with the application and sealing of the copper
layer on the composite canister, to determine whether a layer which adheres to the steel
without leaving a gap can be obtained, and also to determine whether a solution with
built-in stresses can, thereby, be obtained.

In SKI's view it would be of value for SKB to investigate the possibility of applying the
HIP method to the composite canister, for example. In the discussion in Section 3.2.4, it
is also stated
that it would also be of interest to evaluate whether the method can be used to manufac-
ture canisters before they are filled with spent nuclear fuel.

SKI further observes that, in order for a waste canister with suitable properties which
meet the quality assurance requirements to be manufactured, a number of essential
aspects - with regard to the manufacturing and the encapsulation process - will probably
need to be investigated. This will probably also mean that different desirable properties
will have to be weighed up in relation to each other, i.e. compromises will have to be
made. In order for this to be done, the requirements and desires which exist with regard
to the function of the canister must be identified, the manufacturing processes involved
must be understood and knowledge of which properties can be verified must exist.



51

SKB is advised to investigate the following issues in connection with the selection and
establishment of the manufacturing method:

- weld quality,

- sufficiently small grain size which would allow the weld to be inspected by an ultra-
sonic method (the grain size varies considerably depending on the manufacturing
method used),

- suitable local properties in and around joints in the material (e.g. welded joints)

- sufficient long-term resistance to creep,

- an acceptable level of residual stresses,

- resistance to stress corrosion in the repository environment

- selection of (micro) alloying materials,

- dimensioning/mechanical resistance of the canister to external pressures,

- deformation properties/mechanical resistance of the canister in connection with rock
movements,

- manufacturing defects, frequency etc.,

- characterization of materials technology-related conditions within the canister
(stability of the microstructure etc.)

- the possibility of working the canister material

- can sufficiently large ingots be cast, can sufficiently large pieces of metal be rolled or
extruded or can sufficiently large objects to be produced using Hot Isostatic Pressing

It seems likely that the manufacturing of the canisters will require a considerable com-
mitment on the part of SKB - even if SKB does not, itself, own or operate the production
facility.

In its statement to the Government on SKB's R&D Programme 89, SKN stated that "The
Board particularly recommends that SKB immediately initiate studies on the design and
manufacturing of canisters made of copper and combinations of copper and other ma-
terials."

In SKI's view, this recommendation is still valid, and SKI recommends that SKB should
continue to focus on its design and manufacturing studies.
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4.3 METHODS FOR WELDING

Methods for welding can be used for canister manufacturing as well as for sealing canis-
ters in an encapsulation plant. Among the manufacturing methods, welding is the primary
choice for sealing/jointing. Welding and subsequent inspection of the canister weld is,
generally, more difficult to achieve in connection with canister sealing than for joining
other parts. This is due to the special difficulties which are associated with the finishing
of the weld (during which pores are usually formed) and the inspection of the resulting
weld (which can only be carried out from the outside in the case of sealing).

In Section 8.2 of the RD&D Programme, SKB states that electron beam welding is the
most interesting alternative, with friction welding as a second alternative. The develop-
ment work conducted in recent years for electron beam welding has concentrated on de-
veloping methods for welding without a vacuum. According to SKB, the result of the
ongoing development work will determine which method is ultimately selected. This is
expected to occur in around 1995. SKB states that the development of welding methods
will be given high priority during the period.

Chalmers University of Technology observes that the question concerning the welding of
the lid to the canister has not been resolved. It is stated that SKB has managed to identify
the problems but that no radical progress has been made since the review of the KBS-3
concept. Chalmers notes that SKB has stated that electron beam welding is the most in-
teresting welding method. Along with hot isostatic pressing, it was the main alternative
for the KBS-3 concept. SKB now refers to an ongoing EUREKA project and intends to
conduct test welding of thick sections of copper. The welding method will be selected in
two years' time. In Chalmers's view, this seems overly optimistic, bearing in mind the
insignificant results that SKB has had during the last ten-year period. Chalmers then
reaches the conclusion that it is likely that SKB is happily ignorant of the technical and
metallurgical problems which must be resolved before a satisfactory weld can be ob-
tained.

SKI shares SKB's view that the development of welding methods should be given high
priority. However, in SKB's RD&D Programme 92, SKI has not found any detailed
description of what will be included in this development work or any reference which
specifies the result of the work which has so far been carried out. Since, in addition to
this, SKB plans to select a welding method already in 1995, there is a clear risk that SKB
has heavily underestimated the need for development work within this area.

4.4 MANUFACTURING AND PROCESS CONTROL

In Section 8.2 of the RD&D Programme, SKB states that it will be necessary to develop
methods for the inspection of the sealing weld and also expects requirements to be made
on the microstructure of the copper material as well as the design of the weld. It is im-
portant that the grain size should be sufficiently small to avoid dispersion and reflection
of the ultrasonic waves.



53

In addition, SKB states that ultrasonic testing must be optimized for copper and in order
to detect such weld defects which are typical for electronic beam welding. The develop-
ment work will also focus on evaluating the potential of X-ray tomography for inspection
of the sealing weld.

In Section 4.3.5 of the R&D Programme, SKB states that the development work relating
to manufacturing control is being given high priority and that it is being carried out in
close conjunction with the development of the weld technology.

Chalmers University of Technology points out that SKB in Section 4.3 has stated that
certain development work may be needed to be carried out on non-destructive methods
for weld testing. The University emphasizes that it is, obviously, of the utmost import-
ance that SKB, through testing, should be able to check that any defects which exist do
not exceed a certain acceptable size which is determined in advance. In KBS-3, SKB
maintained that ultrasonic testing of thick-walled copper pipes was too insensitive a
method to ensure that a defect-free sealing weld is obtained. Chalmers continues that in
the new programme, SKB does not refer to any alternative method or possibility of im-
proving existing ultrasonic testing methods, apart from X-ray tomography.

SKI - like SKB - considers that the development work on manufacturing control should
be given high priority. SKI also shares the viewpoints presented by Chalmers University
of Technology. SKB should determir.s, in advance, what can be considered to be an ac-
ceptable size for any defects that exist, and based on this, SKB should develop manufac-
turing and testing methodology. SKI considers that, even within this area, SKB runs the
risk of underestimating the need for work. It is also important that SKB, already during
the stage of the development work - and in parallel to this - should develop a methodol-
ogy for quality assurance of the canister.

4.5 ENCAPSULATION

The processes in the encapsulation plant which require development work are mainly the
sealing of the canister and the filling of the canister with particulate material, or lead.

In Section 8.2 of the RD&D Programme, SKB states that, for different reasons, it may
prove to be desirable to reduce the void in the canister by post-filling with particulate ma-
terial. SKB states that it may be possible to reduce the requirements in connection with
criticality analyses if a neutron-absorbing material is used. In Section 8.2 of the RD&D
Programme, SKB states that a certain amount of development work is planned con-
cerning techniques and methodology for lead-filling.

In SKI's view it is important for SKB to resolve the issue of criticality to exclude the
possibility of any doubt regarding the safety of the deep repository in this regard.

SKI considers - like the University of Lund and the Council for Planning and
Coordination of Research - that it would be of value if SKB were to identify a particulate
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material with a composition which allows for the retention of radionuclides in the canis-
ter. However, in SKI's view, such a material can only be used on condition that no sig-
nificant disadvantages can be identified.

Furthermore, SKI wishes to refer to Section 3.2.4 where the issue of alternative methods
of lead-filling is discussed. SKB should investigate the possibilities which may exist for
in-situ melting of paniculate material as well as the possibilities of using alloys with more
favourable properties than pure lead (lower melting point, higher neutron section, lower
creep in connection with solidification, higher durability etc.).

4.6 LAYOUT OF THE ENCAPSULATION PLANT

The layout of the encapsulation plant, according to the RD&D Programme, is based on
the copper-steel canister, although, at the same time, the layout will be sufficiently flex-
ible to allow for a changeover to other canister alternatives.

RD&D Programme 92 does not contain a detailed description of the layout of the encap-
sulation plant. However, SKI has had the opportunity of finding out more about SKB's
ongoing work in this area as well as of consulting SKB's plans and technical drawings.

SKI does not object to the measures and plans that SKB has described concerning the
encapsulation plant. However, SKI wishes to recommend SKB to systematically identify
the different possible connections between the handling in the encapsulation plant and the
performance of the canister in the repository. One example of such a possible connection
is any possible impact on the outer layer of the copper canister (oxide film on the surface)
in connection with buffer storage of filled and hot canisters in the encapsulation plant.
Another example is whether handling in the encapsulation plant can give rise to any minor
mechanical "damage" on the surface layer of the copper, which could make the canister
susceptible to local corrosion attacks.

4.7 SITING OF THE ENCAPSULATION PLANT

In Section 8.1 of the RD&D Programme, SKB states that, with regard to the fact that the
spent nuclear fuel is already being stored at CLAB, there are obvious advantages in de-
signing the encapsulation plant as an extension of CLAB. In addition to the advantages
from the standpoint of transportation and handling, SKB states that the main asset is the
access to competent resources at Oskarshamn nuclear power plant and at CLAB as well
as the access to the infrastructure which point to the fact that co-siting would be most
suitable.

SKI realizes that co-siting with CLAB has certain advantages. In spite of this, SKI ob-
serves that the siting must still be approved in accordance with the Act concerning the
Management of Natural Resources etc. and the Act on Nuclear Activities, and that an
Environmental Impact Statement (EIS) must be prepared. The EIS should focus on issues
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relating to whether canisters of adequate quality can be manufactured and on safety
during storage. The EIS must include alternative sites and a so-called zero alternative. It
should be emphasized that an ultimate stand on an encapsulation plant would mean that
the main design bases for the canister have been established and, thereby, the require-
ments which must be made on a repository site. The siting and layout of the encapsu-
lation plant can hardly be approved, if it is not considered possible to deposit the manu-
factured canisters in a deep repository. (See the discussion on the EIS in Section 5.4).

4.8 TIME-SCHEDULES

The premise for SKB's time-schedule for canister manufacturing and encapsulation is
that an encapsulation plant should be taken into active operation at around the year 2007
(Section 8.1 of the RD&D Programme). The studies of the encapsulation plan and related
issues must, in accordance with the plans, be carried out with the aim of submitting, at
the end of 1996, an application for a permit to construct the plant. Therefore, SKB plans
to immediately initiate the detailed system studies and planning of this plant.

In Section 8.6 of the RD&D Programme, SKB further states that, as a basis for the
planning of the encapsulation plant, canister development will be pursued so that the final
canister design and manufacturing method are chosen during the 1993-1998 period, and
so fhat full-scale manufacturing tests are carried out. Furthermore, studies of welding
technology for sealing of the canister will be concluded and full-scale tests plus the de-
velopment of an inspection method will be carried out.

According to SKB's time-schedule for the encapsulation plant (Figure 8.2, RD&D
Programme), laboratory- and pilot-scale tests on method and process development will be
conducted between 1993-95. Design and manufacturing of electron beam welds etc. will
subsequently be conducted between 1996-97. In parallel, the planning and safety as-
sessment of the encapsulation plant will be carried out during 1995-96. According to the
plans, the application for a siting permit and licence will be submitted at around year-end
1996-97, and construction work is expected to start at around year-end 1998-99.

SKB also states (in Section 8.3.2, RD&D Programme) that completion of the planning
work requires a successful conclusion of the development work on electron beam
welding and on non-destructive testing. In addition, SKB states that it is necessary to
determine whether any part of the canister manufacturing will take place at the encapsu-
lation plant, and if so, which method will be used.

In the material presented above, SKI cannot find any detailed analysis of the results
which must be obtained within certain projects before others should be, or can be,
started. Therefore, SKI wonders at which point in time SKB must have access to the full-
scale encapsulation plant. Many of the experiments planned by SKB do not involve active
material, and can probably be carried out in an ordinary experimental facility.
Considerable capital costs will be connected with the completed encapsulation plant and
SKB should carefully consider making such an investment at the optimum time.
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SKI also wonders at which point in time SKB considers that prototypes for full-scale
canisters should be produced. When will there be an adequate basis for such a produc-
tion? Which, and how large, are the differences which can be tolerated between the proto-
type canisters and those which are to be produced eventually? What will the manufac-
turing specification consist of and what performance requirements must be met? What
long-term testing of canisters does SKB expect to have to carry out before the canisters
containing spent fuel are to be deposited?

SKI has the impression that the actual encapsulation plant is similar to plants which the
nuclear industry is currently operating, has constructed or has helped to construct. As a
result of this, SKB can be expected to be well aware of what can be required, and thus,
to have a realistic time-schedule.
On the other hand, as regards the development of methods for manufacturing and sealing
canisters as well as for quality assurance and verification of the canister properties, the
development work seems, to a greater degree, t > involve new, and thereby, untried
methods. In this respect, it may be more difficult to predict which methods will prove to
be most suitable than to predict the time when the results will be obtained. In the light of
this observation, SKB's time-schedule does not appear to be completely realistic. In
SKI's view, further work should be controlled by the actual results obtained as well as
by the time-schedules drawn up by SKB in advance.

4.9 SUMMARY OF SKI'S EVALUATION

An important premise for the development of methods for canister manufacturing is that
the design bases should be well-identified. In this respect, SKB should bear in mind the
importance of such factors as weld quality, grain size, creep, residual stresses, stress cor-
rosion, (micro) alloying materials, dimensions, deformation properties, manufacturing
defects and the possibility of machining.

In RD&D Programme 92, SKB indicates two main methods for canister manufacturing:
extrusion and rolling/jointing. These methods cannot be directly applied to the manufac-
turing of canisters for encapsulating spent nuclear fuel since there are a number of ques-
tions which more or less require development work. For example, it is unclear as to
whether there is any suitable facility in the world for the manufacturing of full-scale
canisters using any of the methods that SKB has studied. In RD&D Programme 92, SKI
would also have liked to see an evaluation of the possibility of applying Hot Isostatic
Pressing (HIP) to the manufacturing of the actual canister, before it is filled with spent
nuclear fuel. SKI recommends SKB to concentrate on work in this area.

It seems likely that the manufacturing of the canisters will require a considerable com-
mitment on the part of SKB. SKI recommends SKB to concentrate on pursuing work in
this area.



It also appears that problems remain to be solved concerning the sealing method (electron
beam welding or friction welding) as well as the inspection method (ultrasonic testing or
X-ray tomography). SKI also recommends SKB to give work in this area high priority.

In the view of SKI, a considerable development potential may exist for other processes in
the encapsulation plant, i.e. filling with paniculate material or lead. Thus, SKB should
investigate in detail whether the paniculate fill material can fulfill a function from the
standpoint of criticality as well as in terms of retaining radionuclides after the canister in-
tegrity has been breached. There also seems to be the possibility of further developing the
casting method in order to simplify the cell handling.

SKI finds the description of the encapsulation plant to be brief. However, SKI has no
objection to the work planned.
SKB should carefully identify which results should be obtained for which activities. The
time when the construction of the encapsulation plant is started is of particular interest,
with regard to the capital costs. SKB should also carefully analyze whether manufac-
turing and sealing of canisters may be on the "critical line" (i.e. the controlling factors in
the entire time-schedule) as well as carefully monitor progress within these activities.
Further work should be controlled by results which have actually been obtained rather
than the wishes reflected in the time-schedule.

SKI realizes that co-siting with CLAB has certain advantages. In spite of this, SKI ob-
serves that the siting must still be approved in accordance with the Act concerning the
Management of Natural Resources etc. and the Act on Nuclear Activities, and that an
Environmental Impact Statement (EIS) must be prepared. The EIS should focus on issues
relating to whether canisters of adequate quality can be manufactured and on safety
during storage. The EIS must include alternative sites and a so-called zero alternative. It
should be emphasized that an ultimate stand on an encapsulation plant would mean that
the main design bases for the canister have been established and, thereby, the require-
ments which must be made on a repository site.

Canister manufacturing and encapsulation are major, important projects for SKB. In spite
of this, they have been briefly treated in SKB's RD&D Programme 92. SKI finds it natu-
ral that SKB, at suitable intervals, should prepare more detailed plans than those de-
scribed so far. SKI would like to receive these documents and also maintain continuous
contact with SKB on these projects.
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5 DEEP DISPOSAL OF SPENT NUCLEAR
FUEL

5.1 INTRODUCTION

SKB has described plans for the siting and construction of a deep repository for spent
nuclear fuel. SKB maintains that, in order to achieve the desired level of safety within
nuclear waste management, the repository must also be realized. Furthermore, SKB pro-
poses a demonstration stage where a facility is constructed on a small-scale to accommo-
date a small part of the spent nuclear fuel which will have been produced up to the year
2010. These plans are described in the main report (RD&D) and in a special background
report, " Siting of a Deep Repository" (SIT).

SKI agrees with SKB's argument that in order to actually achieve the desired level of
safety, the repository must actually be constructed. In general, SKI considers that the
plans described by SKB can be used as a point of departure for the further planning of
the deep repository project. However, the plans described by SKB need to be further de-
veloped before a concrete deep repository project can be initiated. In certain cases, rela-
tively large changes must be made.

An important question is whether the siting of a deep repository can be initiated before the
repository system has been specified. It has been proposed (Hermansson et al., 1993)
that the requirements on the site cannot be determined and siting initiated until the canis-
ter, encapsulation and deep repository systems have been specified. This view is also put
forward by the Swedish Association of Local Authorities. The Local Safety Committee at
Oskarshamn nuclear power plant also emphasizes that parts of SKB's technical data have
not yet been formally reviewed and that, therefore, it would be premature to establish a
strategy at this stage.

As regards principle, SKI agrees with these comments. However, the issue is compli-
cated by the fact that the information which can be obtained from investigations of poss-
ible areas for siting a repository, will provide an important basis for determining the de-
sign of the final disposal system. Thus, it is reasonable to initiate pre-investigations at
suitable sites in order to obtain such information. At the same time, it must be emphasized
that completely different requirements on the adequacy of background data and system
solutions must be made once the investigations have become so comprehensive that a
considerable commitment is made to a certain site. In the view of SKI and the Swedish
Radiation Protection Institute, this is the case when the detailed site characterizations are
initiated.

5.2 DEMONSTRATION-SCALE REPOSITORY

SKB describes several advantages of a demonstration stage in the construction of a final
disposal system. SKB maintains that long-term safety cannot be demonstrated, but that
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the siting process, methods for site characterization and the review process by the auth-
orities can be demonstrated.

A demonstration stage would make it possible to give the next generation a better oppor-
tunity to make a correct decision, without losing time (Hermansson et al., 1993).
However, the Local Safety Committee at Forsmark nuclear power plant raises the ques-
tion of whether the demonstration stage would be evaluated by the same generation which
gave permission to construct the demonstration-scale repository. Several reviewing
bodies, the Municipality of Nyköping, ABB Atom, Studsvik AB, the Swedish Natural
Science Research Council and Chalmers University of Technology, are positive towards
the idea of a demonstration stage. They also emphasize the possibility of acquiring a
knowledge base and constructing facilities in stages as well as the possibilities of gaining
public acceptance. On the other hand, the focus on demonstration should not mean that
SKB should discontinue basic studies, at this stage (Hermansson et al., 1993). In the
view of the Swedish Natural Science Research Council, although this strategy provides
for greater freedom of choice concerning the ultimate site and system design, the li-
censing process will be the same. The Swedish Council for Planning and Coordination of
Research maintains that SKB must continue to be open to alternative solutions, and
Chalmers University of Technology maintains that the chain of decision-making must
retain great flexibility until the end of the demonstration stage. The Local Safety
Committee at Oskarshamn nuclear power plant emphasizes that SKB's transition to de-
monstration has, to a certain extent, made the distinction between research and develop-
ment, as defined in the Act on Nuclear Activities, as well as the siting issue, unclear.
Although the Municipality of Varberg points to the risk that the demonstration-scale facil-
ity will be treated less seriously, the Municipality is still positive to the idea. In the view
of the Swedish Society for the Conservation of Nature, various alternative should be
evaluated during the demonstration period - possibly KBS-3 and deep boreholes - and
that this should be carried out by independent organizations.

The National Housing Board states that for a test deposition to be credible, resources
must be set aside to retrieve the waste or to adopt other measures of handling, and that the
financial resources that are available for alternative waste treatment/deposition should be
specified. In the view of Chalmers University of Technology, the feasibility of retrieving
the deposited spent fuel for alternative handling must be shown. The National
Environmental Protection Board comments that the resources which are being invested in
the demonstration-scale repository are considerable. Therefore, the selection of a site for
the demonstration facility will be a controlling factor in the siting of the repository. It is
important that an Environmental Impact Statement (EIS) should determine the extent to
which a commitment will be made to the repository site through the siting and construc-
tion of a demonstration-scale repository. In the view of the University of Gothenburg,
the demonstration facility must be viewed as the first part of the final disposal system.

With regard to the demonstration-scale repository, SKI wishes to point out that several
important and capital-intensive parts of the system must be constructed on a full scale, re-
gardless of how much spent fuel will be deposited. Surface facilities, access tunnels and
other installations will be required regardless of the quantity of spent fuel to be deposited.
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It should also be noted that an encapsulation plant for active operation cannot, in any
case, be constructed on a demonstration scale (see Chapter 4). Furthermore, the review
process by the authorities cannot be demonstrated, since SKI and other authorities cannot
be expected to mitigate the requirements on the repository just because the deposited
spent fuel can be retrieved.

When SKN introduced the concept of a demonstration-scale repository in connection
with the examination of SKB R&D 89 (SKN, 1990), the idea was that this would pro-
vide for greater flexibility with regard to the ultimate repository design. However, the
question can be raised as to whether SKB's use of the term "demonstration" has mainly
focussed on the possibilities of gaining political support for a decision to construct a full-
scale repository (Sundqvist, 1993). In the view of the University of Uppsala, the concept
of demonstration, as it is described in RD&D 92, appears to be associated with the idea
of intentionally or unintentionally fooling people into not only tolerating, but also ac-
cepting something that they really should be particularly dubious about. The University
continues that if this should be, or if this should become the case, such a demonstration
would have the opposite effect to that intended. In the view of the People's Campaign
against Nuclear Power-Nuclear Weapons, the intention of the demonstration-scale reposi-
tory, combined with the proposed time-schedule, is to make society commit itself to a
final disposal system based on KBS-3. SKB has already made an ultimate decision and
the only remaining step is to gain support for the solution and turn it into an established
fact.

In the opinion of the Swedish Radiation Protection Institute, the demonstration facility
described by SKB is the first part of the construction of a repository in stages. The facili-
ty involves commitments with regard to encapsulation, transportation system and deposi-
tion method. Long-term properties cannot be demonstrated and deposition methods can
be tested in another manner. The most important stage for evaluation is, instead, the
period prior to the detailed characterizations. However, the Institute considers that a de-
monstration stage will probably be of benefit. Before the demonstration stage, SKB
should describe how the fuel will be retrieved, on a full scale, as well as investigate the
consequences of a forced deposition.

SKI's view is that the present generation is responsible for finding a solution and
showing that it is safe. The unavoidable possibility for future generations to select other
solutions does not detract from the responsibility of the present generation. The term
"demonstration" appears to be unsuitable, and even misleading. The commitment to the
site for the demonstration-scale repository v/ill be considerable. On the other hand, it is
justifiable to carry out different pilot tests with inactive material at the Äspö Hard Rock
Laboratory as well as to carry out field testing. Although the results from such tests can-
not be used to directly demonstrate the safety of the repository, they will provide a basis
for the validation of SKB's argumentation.

On the other hand, SKI considers that it is natural to construct the repository in stages.
The deposition of the spent fuel will be carried out over a long period of time. It is natural
for SKB, during this time, to continue to investigate the long-term safety of the reposi-
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tory. Programmes for long-term monitoring and experiments carried out over a long
period of time can contribute greatly to the acquisition of further knowledge during the
deposition stage. In order for this to be meaningful, it is important that the necessary pre-
parations should be made to actually retrieve the deposited fuel. In addition to technical
considerations, the consequences of such a retrieval to the fee paid for financing nuclear
waste management should also be examined and established. When siting and other mat-
ters connected with licensing are evaluated, the entire system should be taken into con-
sideration, and it should be assumed that the repository will be sealed.

5.3 PREMISES FOR A DEEP REPOSITORY

SKB maintains that the selection of candidate sites will be carried out in accordance with
the basic requirements which must be made on a deep repository site from the standpoint
of safety, technology, society and legislation. SKB particularly emphasizes that siting,
construction, operation and sealing are as much societal concerns as technical ones.

While SKI agrees with this view, SKI wishes to, at the same time, emphasize that safety
is the basic requirement. In connection with licensing, SKI would, for example, never
consider accepting a site with favourable societal conditions, which is unsuitable from the
standpoint of safety.

5 .3 .1 Technical Premises

Based on SKB's own safety analyses, SKI's evaluation of KBS-3, SKI's Projekt-90
(SKI, 1991) as well as the "Collective Opinion" formulated by the OECD/NEA, EC and
IAEA (OECD/NEA, 1991a), SKB has reached the conclusion that

- The scientific and technical premises that are necessary for implementing a safe final
disposal of spent nuclear fuel exist in Sweden.

- The Swedish crystalline basement offers good geological conditions for a deep re-
pository, and it is, therefore, possible to find sites that meet the stipulated require-
ments in most parts of the country.

- The best way to proceed in realizing the deep repository system and to acquire
knowledge of its safe performance that is as reliable as possible, is to select, investi-
gate and evaluate specific candidate sites.

SKI believes that Sweden probably has the necessary conditions to manage the spent
nuclear fuel. However, SKB has not consistently described the requirements on barriers
as well as the gaps in knowledge and the questions that remain to be solved. SKB's de-
scription of the state-of-the-art in supporting R&D in RD&D 92 indicates a significant
number of issues which remain to be solved (SINTAB/BERGAB). Furthermore, while
the "Collective Opinion" states that methods currently exist to assess safety, it emphasizes
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the need for continued development. The People's Campaign against Nuciear Power-
Nuclear Weapons also makes these observations. SKI recommends that SKB should take
these objections seriously. At the same time. SKI is firmly convinced that the remaining
problems can be solved.

SKB's conclusion about the Swedish bedrock is more controversial. The conclusion may
be correct - but SKI has not found any solid justification for this in SKB's report. The
Local Safety Committee at Oskarshamn nuclear power plant states that SKB's proposed
siting strategy is based on a number of technical assumptions, particularly SKB 91.
which have not yet been tested. In the view of the Swedish Society for the Conservation
of Nature, the argument for the acceptability of KBS-3 has varied over the years, and
there is reason to be skeptical to this. SKI wishes to firmly emphasize that SKB 91 has
not shown that all necessary issues have been resolved or that a large number of sites
would fulfill the requirements, which is also a point made in SKI's review of SKB 91
(SKI, 1992). These issues were not studied in SKB 91 and SKI strongly objects to SKB
describing SKB 91 in this way.

SKB presents a table describing a number of site-specific factors which affect the safety
of the repository. According to SKB, the most important factors are those affecting the
long-term mechanical and chemical safety of the repository.

Chalmers University of Technology accepts that the Swedish bedrock with its geological
history and its current properties will retain its primary properties (mechanical stability,
chemical stability and low permeability) during the period of time that the waste is haz-
ardous. The University of Lund states that the safest sites must be selected. However, the
Swedish Geological Survey maintains that SKB does not describe which requirements it
makes on the stability of the rock. In addition, a survey of the properties of different
types of Swedish bedrock which are relevant for the specification of suitable sites for a
repository is lacking. In the view of the Swedish Natural Science Research Council, the
question of stable conditions in the bedrock may be very important to the safety of the re-
pository and that this increases the importance of the site selection. The Municipality of
Nyköping states that, since many sites are suitable, SKB does not need to specially in-
vestigate Fjällveden. In the view of the Municipality of Varberg, it is not sufficient to
select a site at random and then try to prove that it is suitable.

The Swedish Society for the Conservation of Nature, County of Bohus, urges the
authorities to stipulate that SKB shall publish a description of the systematic method it
will use to identify the most suitable sites for the repository, that SKB shall complete its
inventory of Swedish bedrock, that SKB shall investigate sites with crystalline bedrock
covered by sedimentary rock types and that SKB shall officially specify the sites which
are now being considered for a repository based on KBS-3.

In SKI's view, SKB has not sufficiently identified the measurable properties of the rock
which provide the desired stability. For example, low groundwater flow should also be a
good indicator of conditions which are stable in the long-term, and is therefore, also a
desirable property for this reason. In addition, the rock is important to the overall safety
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in situations where the near field fails (e.g. by a breach of canister integrity) as it may
retard the release of radionuclides.

SKI wishes to emphasize that an important safety-related factor is the retardation capa-
bilities of the rock, which depends on the groundwater flow and the conditions for matrix
diffusion and chemical sorption processes. In order to estimate these parameters, know-
ledge is required of the groundwater chemistry, the mineral composition of the rock, the
diffusiviiy of the rock matrix and the actual contact surface between the rock matrix and
the groundwater flow. (This point is developed in greater detail in Chapter 7). In general,
SKI believes that important safety-related factors can be defined to a much more detailed
and quantitative extent than SKB has managed in its RD&D Programme 92.

SKB has carried out relatively extensive investigations of the bedrock at some ten sites in
Sweden and, in addition, has carried out general studies within a large number of areas
all over the country. Based on the data it has obtained, SKB reaches the conclusion that
suitable or less suitable sites are not concentrated to any particular part of the country or
any particular geological environment. In SKB's view, it is the local conditions in the
particular area which determine the suitability of the site.

The National Defence Research Institute states that knowledge of plate tectonics has in-
creased considerably in recent years. This ought to lead to revised opinions with regard to
probable ads on the repository, and on the criteria for site selection. The University of
Gothenburg does not accept SKB's claim that only local conditions are of importance,
and justifies this by stating that the extreme cases are not known. The Swedish Society
for the Conservation of Nature is concerned about the risk that adequate bedrock for
hosting a repository will not be found anywhere.

SKI must point out that SKB has not stated which criteria it has used as a basis for its
statement. SKI's consultant SINTAB/BERGAB, states that Sweden can be divided into
different geological and tectonic regions and that comprehensive data and experience from
Swedish bedrock and Swedish rock engineering have been obtained from these regions.
Characteristics which distinguish regions from each other can have a direct impact on
predictability and constructibility. For example, the southwestern Scandinavian province
is characterized by very complex tectonics, magmatic and metamorphic development as
well as overthrust zones with high water conductivity in certain areas. In connection with
rock engineering, this has led to extensive sealing and reinforcement work. Furthermore,
in the view of SKI's consultant, Intera (Apted, 1993), the chemical environment cannot
be predicted with certainty.

The site-specific differences, seen from the standpoint of safety, which SKB describes
for the investigated areas, do not necessarily have to be actual differences. It is possible
that the differences could be due to deficiencies in the site characterizatior. SKI's consul-
tant, SINTAB/BERGAB, emphasizes that it has not been proven that SKB's interpreta-
tion of the investigated sites is compatible with what the sites actually look like. The in-
terpretations have not been placed in a regional-geographical context. SKI also wishes to
point out that very few measurement.* have been made at depths greater than 600 m.
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SKB's general knowledge of the rock mass at depths below 500 m is, therefore highly
deficient. This is a serious limitation, which SKI has also indicated in previous review
comments (SKI, 1990).

In addition, SKI wishes to emphasize that it is not easy to identify all the properties
which are important to safety, especially in view of the fact that many of the rock's prop-
erties are highly heterogeneous, even on a detailed scale. SKB is also aware of these
problems, which is clearly evident in SKB's plans for carrying out geoscientific work as
a part of the supporting R&D. For example, it should be pointed out that the interpreta-
tion of the hydraulic conductivity in the various sites which have been studied (Figure 8,
SIT), is highly questionable. First of all, the decrease in the mean conductivity as a func-
tion of greater depth is not statistically significant. Statistical analysis of SKB's values
(e.g. Winberg 1989), indicates that the surface rock has a higher permeability, on
average, but that below a certain level (100 - 500 m) there is no statistical support for the
assumption that the permeability decreases with an increase in depth. In addition, it is
unclear as to how single-hole permeability measurements should actually be interpreted.
It is possible that there is a significant difference between the sites. However, further
analysis is required, where various conceptual models are tested and where different
errors of measurement and interpretation are evaluated (see Methods and Instrumentation,
Chapter 7).

In SKI's view, it is not possible, at this stage, to make the claim that suitable sites for
hosting a deep repository can be found in most areas in Sweden. On the contrary, it is
likely that certain sites will possess clearly unsuitable characteristics, such as poor con-
structibility, high groundwater flow, high anomalous stresses, etc. On the other hand,
SKI wishes to emphasize that, even if the rock must possess a series of propeitic." far
disposal to be safe, it is not certain that all these properties can contribute to providing a
basis for locating suitable candidate sites. Several important properties, mainly wuh
regard to the local groundwater flow and the retardation capabilities of the rock, can
probably not be determined without extensive investigation. Thus, SKI is of the opinion
that SKB must base its site selection on partially incomplete data. This means that SKB
must maintain flexibility in its evaluation of different sites. Future pre-investigations and
detailed characterizations of a particular site may result in having to abandon the site. The
more SKB investigates a site, the greater the commitment it makes to that site. Therefore,
it is important that SKB should, as early as possible, avoid sites for which the prognosis
of safely hosting a repository is unfavourable.

SKB avoids presenting a detailed strategy for selecting the sites which are to be subjected
to more extensive pre-investigations. However, SKB defines a number of tech-
nical/geoscientific factors which can be obtained without extensive pre-investigations.

In the view of Chalmers University of Technology, constructibility must give precedence
to safety. In the opinion of the National Housing Board, SKB has not specified how the
risk for human intrusion and sabotage can affect the choice of site.
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SKI agrees with most of the factors which are specified by SKB, but is dubious with
regard to considering the local topographical gradient and the occurrence of saline
groundwater as factors which are important to siting. The groundwater flow at repository
depth should, to a great extent, be controlled by regional conditions and the occurrence of
salt does not guarantee stagnant water (Voss and Andersson, 1991). Therefore, an
understanding of the regional conditions is important. SKI also agrees that predictability
is an important siting factor. Consequently, SKI wishes to emphasize that an important
component in this respect is the quality of the geulogical/hydrogeological investigations
which have so far been carried out within the area. Parts of the country for which the
geological characterization is not adequate should be less attractive from the standpoint of
siting, since SKB would be forced to carry out regional geological characterizations of
these areas in order to establish a credible geological structural model of the rock which is
on the same scale as the repository.

5.3.2 Societal, Political and Opinion-Related Premises

SKB has also described a number of societal factors which can be established without
extensive pre-investigations and can, therefore, form part of the basis for a decision on
whether to initiate more extensive pre-investigations at a particular site. SKI and SKI's
consultant (Sundqvist, 1993), agree with the factors that SKB has specified. However,
additional factors exist, such as population density and the cost of siting.

Furthermore, SKI is dubious as to whether local opinion can be considered as a siting
factor, since opinions change. On the other hand, it should be emphasized, that in the
light of experience from siting controversial facilities, it is probably necessary to regard
acceptance as a factor (SINTAB/BERGAB). SKI agrees with this, but considers that a
prerequisite for promoting and maintaining positive public opinion is that the selection of
the site should be well-founded. This is more important than selecting a site on the basis
of the opinion of the public at a particular point in time.

As regards societal factors, it is obvious that it is possible to make useful comparisons
between sites or between regions (Sundqvist, 1993). Differences in, for example, the
need for transportation systems and the available infrastructure between different regions
are so great, that such an analysis would probably serve to identify regions in the
country, which are unsuitable or less suitable from the perspective of societal consider-
ations. The siting process can hardly benefit from SKB discussing siting with munici-
palities which, ip practice, can never be considered as suitable sites for a repository. In
the worst case, such discussions could raise the suspicion that SKB was playing one
municipality off against the other. Thus, SKB should carry out a comprehensive and in
tegrated analysis and evaluation of the different societal factors and report its findings.

SKB states that the siting of the deep repository must be achieved in harmony with the
legislation, conditions and plans which exist within society. Furthermore, SKB states
that the siting of a deep repository can be a sensitive issue from the standpoint of public
opinion and reaches the conclusion that it is important to provide adequate information
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and achieve good cooperation with the municipalities involved and those people who are,
or who consider themselves to be directly concerned by the siting.

SKI realizes that societal, political and opinion-related conditions are of great importance
to siting. An important tool for handling these issues is the process for preparing an
Environmental Impact Statement (EIS). A well-structured EIS process should not only
involve the correct handling of different legal requirements and planning issues, but
should, above all, represent a tool for ensuring that the municipality concerned and other
participants exercise the influence they are entitled to. SKI returns to the question of the
EIS in a later section and also summarizes the view of the reviewing bodies on this mat-
ter.

5.3.3 Integrated Evaluation of Factors

SKB's failure to evaluate the importance of the various siting factors and grade them ac-
cordingly is questioned by several reviewing bodies. The Swedish Association of Local
Authorities finds this remarkable. The National Environmental Protection Board states
that the development of criteria for site selection, and the approach for selecting from dif-
ferent alternatives should be a main item of this part of the programme. The National
Housing Board points out that areas which, from the standpoint of natural resources,
would entail the contravention of the Act concerning the Management of Natural
Resources etc. (Chapter 3, Paragraphs 3 and 4) can be immediately excluded, and that
areas, which, otherwise, would involve a contravention of the Act must be studied in
each region as well as in each municipality. The University of Gothenburg would like to
see a discussion of how SKB plans to weigh up the different goals of safety, cost, con-
structibility and ability to site the repository. The Swedish Society for the Conservation
of Nature considers siting to be a critical issue which will provoke local opposition, and
that SKB must describe the systematic method which it will use to select a site, so that it
will be possible to carry out a scientific review of the information on which the site selec-
tion will be based.

In the view of the Swedish Radiation Protection Institute, there is a lack of interdiscipli-
nary studies which contain concrete technical-scientific issues. The issues which deserve
further investigation are, above all, human intrusion and the possibility of repairing the
repository, system selection as well as decision-making where public insight is especially
important. Furthermore, the Institute believes that although detailed criteria and formal
systems for evaluation can result in unnecessary commitment in connection with site
selection, it is just as important to avoid a situation where no ground rules have been
established.

It is SKI's view that if the general technical and geoscientific siting factors were weighed
up, certain parts of the country would be found to be less suitable for siting a repository,
even if only from the point of view of constructibility, predictability and risk for human
intrusion (proximity to large mineral deposits). SINTAB/BERGAB estimates that about
30% of Sweden could be classified within this category. In the same way, if different
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societal factors were considered and weighed up in relation to each other, it should be
found that certain parts of the country are less suitable. On the other hand, SKI, just like
the Swedish Radiation Protection Institute, wishes to emphasize that formal classification
and evaluation should not be carried to the extreme.

SKB, should already at this stage, and before extensive pre-investigations of candidate
areas are initiated, conduct an analysis of the siting factors and specify the areas in
Sweden which, in the first round of selection, appear to be less suitable for siting a re-
pository for spent nuclear fuel. This does not require a special licence or the approval of
the municipality concerned. SKB would, of course, be running the risk of missing an
area which would be suitable for siting the repository, but if SKB's judgement that large
parts of the country possess favourable characteristics is correct, there would still be a
sufficiently large portion of the country to ensure flexibility in the site selection, without
having to specify a particular municipality.

5.4 ENVIRONMENTAL IMPACT STATEMENT (EIS) AND
INFORMATION

Stipulations regarding the requirements on EIS were introduced into environmental legis-
lation during 1991. For example, an EIS shall always be carried out prior to ai applica-
tion for a siting permit in accordance with Section 4 of the Act concerning the
Management of Natural Resources etc.. The concept of the EIS was introduced into the
Act on Nuclear Activities and the Radiation Protection Act in 1992. Furthermore, EC
Directive 85/337/EEC, No. L 175/40, requires that EIS should be prepared for the final
disposal of spent nuclear fuel.

Current laws and ordinances provide relatively little guidance on what must be included
in an EIS, and even fewer instructions on how an EIS must be prepared. In SIT, SKB
provides a general description on its view of the EIS and how it intends to prepare these
in connection with the work on siting and constructing a deep repository. In this respect,
SKI observes that a permit must be obtained in order to site an encapsulation plant, in
accordance with Section 4 of the Act concerning the Management of Natural Resources
etc., and that an EIS is required. The National Housing Board also makes this observa-
tion. The information on the EIS presented below is also applicable to the encapsulation
plant. (See Chapter 4, for a more detailed discussion of the encapsulation plant).

5.4.1 The EIS Process

SKB plans to prepare several EIS during the siting process. The applicable legislation
does not stipulate how an EIS must be prepared or who must be involved in its prepara-
tion. However, this issue is a topic of much discussion in connection with studies of
EIS. Even if no formal requirements exist, the EIS process will affect both the content of
the EIS and its credibility.
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In the view of the National Environmental Protection Board, the EIS is a process in-
volving several stages. For purposes of efficiency, these stages should be carried out in
parallel and should be closely related to the preparation of the application/construction
planning of the facility. The EIS process is considered to be an important part of the
societal decision-making process, involving the cooperation of different participants. The
general public should be involved in the process from the very start. Experience of how
an EIS is conducted is limited, at present. Furthermore the Board states that the degree of
detail involved can be gradually increased. Research results must provide a basis for the
EIS and it is important to examine what can be required, at an early stage, and focus the
programme on fulfilling these requirements.

The Local Safety Committees at Oskarshamn nuclear power plant states that the EIS pro-
cess is new, and that attention must be paid to ensuring that the intent of the law and the
legislative history of the enactments are followed. The municipality concerned must be
involved from the start in the continuous verification of goals during the course of the
process. The EIS process must be actively and jointly developed by the nuclear industry,
authorities concerned, municipal organizations concerned and other parties. It might be
appropriate for the nuclear authorities to take the initiative of acting as a moderator in such
a dialogue.

The Swedish Association of Local Authorities maintains that SKB should specify which
general studies it has planned to carry out during the next few years before any munici-
pality can take the initiative to start pre-studies. A description of siting factors, system
studies and preliminary EIS will provide the basis which is necessary, for municipalities
to take the initiative to, and in a democratic manner, gain local support for the decisions
which must be made. The Municipality of Nyköping emphasizes that credibility during
the course of work must be high. In the view of the University of Lund, the environ-
mental impact must be established before a site is finally selected.

The Swedish Association of Local Authorities and the Local Safety Committee at
Oskarshamn nuclear power plant also deal with the question of whether resources for in-
formation and active participation in the EIS process should be given to the municipalities
involved in a siting investigation. In future directives, the Government should specify
how the necessary funds will be made available to the municipalities. The Municipality of
Varberg puts forward similar views. The Swedish Radiation Protection Institute also
emphasizes that it is important for the municipalities to be given sufficient resources.

The Swedish Council for the Planning and Coordination of Research and the University
of Lund maintain that a need exists for research environments in Sweden which are inde-
pendent of SKB and which, on a professional level, can enter into a critical dialogue with
SKB. This will create the balance which is needed with regard to research work and the
funding of such work. The University of Stockholm points out that adequate access to
SKB's technical information and the possibility of searching through the material is an
important issue as regards following up the work carried out. The University of Uppsala
states that it may be difficult to know who is and will be affected by siting in the future.
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SKI wishes to emphasize that the EIS process should be structured so that it can also
provide support for SKB's planning and followup activities. The prime purpose of the
EIS process is not to provide information but to promote a dialogue between the various
participants affected by the deep repository. Important aspects of the EIS process are the
dialogue with the parties concerned regarding what must be included in the EIS and a
recurrent analysis of the issues that these parties consider necessary to investigate. One
question of particular interest is which parties should be involved in the process and what
influence these parties should have. SKI points out that no single party can make a deci-
sion on these issues. The ultimate decisions must primarily be based on safety-related
issues although political and societal factors will also carry considerable weight.

From the standpoint of safety, the EIS process must be structured sc that the decision-
making basis which is prepared will provide a support in the selection of a safe reposi-
tory. With regard to the views of the reviewing bodies and SKI's experience from the
DIALOG project (Andersson et al., 1993), there is good reason for actively involving
parties other than SKB in the EIS process. One possibility is that the municipalities in-
volved should appoint a group of representatives from various interested parties within
the municipality. Other solutions are also possible. SKI also supports the idea that the
parties concerned should be given a real (financial) opportunity of taking part in the work
in order to build up an independent expertise and knowledge of the technical and societal
issues involved. It is clearly reasonable to give such support to the municipality con-
cerned, but the details of how such support should be given and the question of whether
other parties should also be given support must be investigated.

SKI is currently participating in joint work with the other authorities on the EIS issue. In
addition, SKI will become further involved in the EIS work concerning the siting of the
deep repository and the encapsulation plant. To begin with, this will take the form of dis-
cussions with SKB regarding the specification of the scope of the EIS analyses which are
planned. In this respect, SKI's experience from the DIALOG project will be important.

5.4.2 The Content of an EIS

The content of an EIS will be partly determined by the structure of the EIS process. Even
if few formal requirements on the content of an EIS exist, a certain amount of guidance is
given in the ordinance to the Act concerning the Management of Natural Resources etc.
(SFS 1992:445) and the Esbo Convention (SO 1992:1) which Sweden has signed. These
documents specify that an EIS must describe alternatives as well as a zero alternative.

The National Housing Board points out that an EIS must provide a comprehensive and
integrated description of the impact of the facility during the construction, operation and
sealing stages. In view of the long time spans during which the facility must perform and
the special safety issues which exist, the emphasis of the EIS must be placed on these
issues. The EIS must specify what is required in terms of the transportation system and
the means of transportation.
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The National Environmental Protection Board maintains that it is essential that the whole
system should be evaluated in the EIS, and that risk assessments and evaluations are
made of the integrated, overall impact of radiological factors, chemical factors and en-
vironmental factors. An EIS should deal with the environment, health, the conservation
of natural resources and should also include those aspects of safety which may have a
direct impact on these factors. The Board also maintains that an EIS should describe
alternatives both on the general and detailed level and should specify how the correspon-
ding environmental consequences are to be handled. A zero alternative must always be
described and, in this case, is expected to be especially important since it illustrates
whether the facilities for which the permit is being sought must be constructed now or
whether such a decision can be postponed.

The Swedish Association of Local Authorities states that it is natural for municipalities
involved to exercise considerable influence over the question of what requirements
should be made on an EIS. The Local Safety Committee at Oskarshamn nuclear power
plant states that negative effects in the form of public concern cannot be ignored, and that
a balanced view of the positive and negative effects for the particular region concerned is
required. If the effects are found to be predominately negative, the siting of the repository
in the region will probably be called into question. The Municipality of Varberg empha-
sizes that attention must also be given to the short-term perspective.

The Royal Institute of Technology maintains that the zero alternative should also cover
any consequences to the environment where the repository would have been sited. In
addition, the EIS should specify how different consequences are evaluated in relation to
each other, as well as uncertainties and proposals for control programmes.

Firstly, SKI wishes to emphasize that the EIS document should not be regarded as a
superficial document for general information, but should be the main document where the
different consequences and aspects of siting a repository are considered as a whole. It
must be possible to trace the sources of information provided in the document and refer-
ences must be made to all underlying work. At the same time, it must be possible for the
general public to understand the main document. This may lead to problems concerning
the integration and weighing up of the different factors, which is an issue that must be in-
vestigated at an early stage in the EIS process.

In addition, SKI considers it to be obvious that the safety assessments which have been
carried out should be the focal point of the document, even if all the other factors dis-
cussed by the reviewing bodies above or which have generally emerged during the EIS
process must also be accounted for. The Federal Environmental Assessment Review
Panel in Canada has recently specified guidelines for environmental impact statements for
nuclear waste facilities and repositories (FEARO, 1992). These guidelines clearly focus
on safety assessment and long-term safety. In addition to this, SKI is seeking to coordi-
nate the requirements on an EIS in accordance with the Act concerning the Management
of Natural Resources etc. and the regulations concerning the EIS, in accordance with the
Act on Nuclear Activities as well as the Radiation Protection Act, which SKI and the
Swedish Radiation Protection Institute may issue. When the EIS is examined and evalu-
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ated in accordance with the Act concerning the Management of Natural Resources etc.
with regard to nuclear facilities, great emphasis must be placed on the impact of the
planned facility on safety and radiation protection.

Comprehensive safety assessments are very important, even at an early stage in the EIS
process (see Chapter 6, Safety Assessment). The continuous feedback between collected
data and the further structuring of the siting work is a central issue. SKI realizes that
safety assessments of a site, which are conducted at an early stage, may contain consider-
able uncertainties with regard to the local conditions at the site. This is natural and accept-
able, providing that SKB can show that further investigations (future pre-investigations
or detailed characterizations) will probably resolve the uncertainties which are important
for the safety of a future repository. SKI wishes to especially emphasize that the prime
purpose of safety assessments during this early stage, is not to show that the repository is
safe but to prioritize and structure future work.

SKI also emphasizes that the EIS must describe alternatives. Regardless of the formal re-
quirements, this is important if better solutions are to be found and an improved under-
standing of why a certain choice has been made is to be obtained. With regard to the issue
of siting, a certain breadth of alternative, for example, is necessary in the initial stages. If
any of the sites which are investigated are found to be less suitable, that site can be aban-
doned without a loss of prestige. A serious description of alternatives is also, to a great
extent, linked to credibility. Even if SKB bases its siting strategy on voluntary accept-
ance, the risk of setbacks at a late stage cannot be discounted. Furthermore, it is reason-
able to assume that the public insight into, depth and breadth in SKB's EIS will affect the
particular municipality's attitude as regards the veto ;.ssue. Finally, SKB may need to
count on the risk that society's formal requirements on the information presented by SKB
will be tightened up in the future.

In RD&D 92, SKB describes its plans for the EIS process which will be related to the
siting of the repository. This, and the siting process in general are discussed in the next
section. However, SKI notes that SKB's own initiative concerning the EIS
is a constructive basis for more detailed discussions on content, breadth of alternatives
and scope which SKI, together with other participants must conduct with SKB.

5.4.3 Information

SKB plans to carry out comprehensive information drives. Information will be provided
on a nationwide basis in order to broaden and deepen society's knowledge of the nuclear
waste issue. The purpose of local information is to spread information on waste man-
agement, to promote an understanding for the solutions proposed and to identify oppor-
tunities for cooperation.

The Local Safety Committee at Oskarshamn nuclear power plant considers that while the
nuclear industry should assume continuous responsibility for providing information to
"non-experts", the municipality should also be allocated resources. In the view of the



73

Committee, a forum should be established where the municipality is continuously
updated as regards basic safety principles. The Local Safety Committee at Forsmark
nuclear power plant points out that it should be possible to explain the safety assessment
so that it can also be understood by non-experts. The National Board for Environmental
Protection notes with satisfaction that SKB intends to develop a programme for local
cooperation, information and socio-economic studies. The County Administration Board,
Uppsala states that it is important that the general public and other parties concerned
should be provided with detailed information as well as easy-to-understand information
with regard to consequences, safety measures etc.

The University of Uppsala raises the question of the purpose of the information drives
and wonders what information will be given and in what way. Further research is pro-
posed. In the view of the Swedish Society for the Conservation of Nature and the
People's Campaign against Nuclear Power-Nuclear Weapons, SKB should not be
allowed to finance its information work using the funds set aside for waste management.
The Swedish Society for the Conservation of Nature proposes that these funds should
instead be used for independent, critical research and investigation. The People's
Campaign and the Waste Chain also states that SKB does not have the confidence of all
parties involved in the issue and that SKB should, therefore, no longer be allowed to
continue with its waste management work.

Chalmers University of Technology states that SKB's programme is presented in a ten-
dentious manner which gives a distorted view of the facts. The credibility of the material
presented would have been greater if a more humble tone had been used. In the view of
Chalmers, it is difficult to penetrate beyond the "facade" of the language to arrive at the
underlying difficulties. The University of Gothenburg is of the view that the data and
arguments seem to be presented more in the manner of marketing material than scientific
reasoning.

It shall be possible for the public and, in particular, the inhabitants of the municipalities
involved, to adopt an independent stance with regard to the various issues associated with
the repository. However, these views should be based on information from different
parties. In SKI's opinion, SKB has a responsibility for providing information on its
activities and the general public has a right to make demands with regard to the high qual-
ity of such information. However, even if SKB's ambition is to provide information
objectively and factually, any information provided by SKB still represents one view-
point. In order to supplement and balance the view which SKB presents, the public is
entitled to also have access to information from other parties.

In SKI's view, like that of other reviewing bodies, issues regarding public insight, com-
munication and information are an important part of the EIS process. By giving, as SKI
proposes, the municipalities involved and, possibly, other participants a financial oppor-
tunity to actually take part in the EIS process, and to independently establish their com-
petence, these participants will be better equipped to inform the public. Appointing a
group representing different interests within the municipality concerned is a possible way
of developing a process of mutual communication between the inhabitants of the munici-
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pality and other involved parties. The public's need for general information from the dif-
ferent parties involved reinforces the need for investigating the question of support to
various parties. The authorities may also need additional resources for information in
order to meet the public's demands.

SKI also emphasizes the importance of ensuring that the information provided is not only
factual and objective but easy to understand for a non-expert. In order not to lose cred-
ibility, it is also necessary to openly describe, not only positive results and conclusions
but also uncertainties and questions. This applies to technical reports as well as infor-
mation brochures. It is not always what is said, but rather, what is not said that casts
doubt on credibility.

Technical reports and attitudes can be difficult for anyone outside the relatively small
circle of experts to understand. However, it is possible to render difficult technical infor-
mation more accessible without detracting from scientific exactitude. In SKI's view, this
can be achieved by employing unambiguous language and by supplying reports with
explicit summaries and explanatory glossaries. This does not mean that the reasoning
should be simplified or that references to underlying work should not be included.

People in the municipality concerned who are interested, should also be offered sup-
porting training material in order to improve their understanding of difficult technical
issues. Such measures would also give non-experts the chance to acquire the knowledge
which is a prerequisite for having independent viewpoints. In order to reach an even
broader public, there is, naturally, a need for general information provided in more ac-
cessible language.

5.5 SITING PROCESS AND TIME-SCHEDULE

SKB has divided the work on siting and construction of the repository into four different
stages. Stage 1 concerns pre-investigations and will result in the application for a permit
to carry out detailed characterizations at a particular site. Stage 2 concerns detailed charac-
terizations, Stage 3 concerns the construction of the repository and Stage 4, the com-
missioning and start of spent fuel deposition.

5.5.1 Stage 1: General Studies, Pre-Studies and Pre-investigations

Stage 1 includes a review of general premises, the selection of two candidate areas, geo-
scientific pre-investigations and socio-economic studies. In municipalities which, e.g.
through their own initiative, evince interest in allowing the conditions for a deep reposi-
tory to be further investigated, pre-studies will be carried out. At the beginning of Stage
1, a preliminary EIS will be submitted, and at the end of this stage, in around 1997, an
application will be submitted, in accordance with the Act concerning the Management of
Natural Resources etc., for a permit to start detailed investigations at a particular site. The
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application will be based on an EIS which specifies the conventional environmental im-
pact and a site-specific safety assessment of a repository.

In the view of the Swedish Association of Local Authorities, SKB should specify which
general studies it plans to carry out in the next few years before any municipality takes the
initiative to allow pre-studies to be carried out. The need for preparing a preliminary EIS
for each site, structured so that municipalities, authorities and SKB can gain further in-
sight into the issue is also emphasized.

The National Housing Board states that, before the first selection is made, it is suitable to
identify possible areas based on the criteria which should be established. Different siting
factors should be graded according to importance. The safety issue is of great signifi-
cance, and how this affects the transport issue should be specified. This would lead to a
greater understanding on the part of the public and municipalities as regards why certain
areas have been selected. To select an area on the sole basis of the positive attitude of a
municipality would limit the areas which are suitable and would not provide an adequate
basis for granting a permit in accordance with the Act concerning the Management of
Natural Resources etc. The general studies should result in an identification of the 5 - 10
most suitable sites. Then, the basis for the selection should be subjected to a broad re-
view process, involving the municipalities and county administration boards concerned.
Two sites should then be selected on the basis of all the material gathered.

In the view of the People's Campaign against Nuclear Power-Nuclear Weapons, the de-
scribed approach is definitely not compatible with the requirements on comprehen-
siveness or public insight, and will not lead to real acceptance. The People's Campaign
recommends that the selection of candidate sites should be subjected to official examin-
ation, involving a lengthy review period, in accordance with the proposal put forward by
SKN (SKN, 1990) in connection with its evaluation of SKB R&D 89.

In SKI's view, SKB's strategy of basing the selection of candidate areas on voluntary
acceptance and the initiative taken by different municipalities has considerable advan-
tages. This is supported by experience from other countries (SINTAB/BERGAB).
Voluntary acceptance and dialogue should be the main premises for handling various
siting factors and for obtaining an integrated evaluation which mainly emphasizes safety
issues. A well-structured EIS process (see previous section) should be the best way of
achieving this.

However, SKI wishes to strongly emphasize (see Siting Factors above) that certain
regions in Sweden may be less suitable for siting a repository from the standpoint of
safety as well as constructibility, while others may be unsuitable from a societal perspec-
tive. Thus, it is important for SKB to investigate this before discussions with different
municipalities have progressed too far. SKI also wishes to emphasize that the initial pre-
investigations of a possible municipality may reveal that there is no suitable site within
that municipality. Thus, SKB should make the necessary preparations to conduct exten-
sive pre-investigations within more than two areas in the country.
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SKI wishes to strongly stress the fact that extensive pre-investigations cannot be initiated
before an acceptable plan for this work has been prepared (see below). The description
provided in SKB's RD&D Programme 92 is not an adequate basis. Furthermore, one
very important task is to prepare a plan for how detailed characterizations will be carried
out and whether these can have a negative effect on the safety of a future repository.
Overall issues, such as excavation methods, repository design and grouting methods
must (see Section 5.7 below) already be resolved before the detailed characterizations are
started. As is stated in other parts of SKI's evaluation report (especially Section 7.8),
current knowledge is insufficient to formulate a plan for detailed characterizations.
Coordination and the feedback of results from the Äspö project, for example, is neces-
sary.

Stage 1 is expected to result in an application in accordance with the Act concerning the
Management of Natural Resources etc. to start detailed characterizations of a certain site.
The National Housing Board maintains that, in connection with the review of the applica-
tion of a permit to carry out detailed characterizations, a total review must be made of all
the issues which are relevant to a demonstration-scale repository, even if the review has
to be general, at this stage. Otherwise, the site may prove to be suitable from geological
and related standpoints, and may be found to be less suitable from the standpoint of other
aspects of natural resource management stipulated in the Act. The Swedish Association of
Local Authorities emphasizes that the procedure for preparing a comprehensive plan in
accordance with the Planning and Building Act is important. It would be suitable for a
permit to start detailed characterizations in accordance with Section 4 of the Act con-
cerning the Management of Natural Resources etc. to be based on an accepted compre-
hensive plan. The National Environmental Protection Board maintains that the EIS, in the
application, must specify the impact on the groundwater flow, excavated rock etc., and
that it is important to specify any commitment to the site for the repository that the selec-
tion of a site for the demonstration-scale facility may involve.

The Swedish Radiation Protection Institute states that the selection of a site for detailed
characterizations, in reality means a site for the repository. This means that a comprehen-
sive evaluation is necessary after the pre-investigations are completed. In a special letter
to the Government, the Institute also states that the Institute, SKI and other authorities
will soon start supervisory work within the siting project which may collide with the
examination and evaluation of SKB's future research programmes. It is therefore urgent
that the changeover to supervisory duties should be made clear.

SKI agrees with the Institute's arguments in so far that many issues which are now a part
of SKB's research programme will become licensing-related issues later on. This does
not prevent the fact that SKB, for a long time to come, will need to have a research pro-
gramme in order to study and resolve the issues which sometimes arise in connection
with licensing. It should be possible to supervise this research programme in the same
way as at present.

SKI wishes to stress that initiated detailed characterizations will entail a significant
commitment to the site, and that an application for a permit to start the characterizations
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can, therefore, probably only be approved if determining uncertainties concerning essen-
tial aspects of the final disposal system are solved and if a practical plan exists for the de-
tailed characterizations. Systems for continuous evaluation and control by authorities and
other parties must be established. Issues relating to the long-term nuclear safety must,
therefore, carry considerable weight already at the time when the application for a permit
to start detailed characterization at a particular site is under review. On the other hand, this
does not mean that all issues must be investigated at this point. It must not be forgotten
that the actual purpose of the detailed characterizations is to obtain more information.

5.5.2 Stage 2: Detailed Characterizations

If SKB obtains a permit in accordance with the Act concerning the Management of
Natural Resources etc., the work on the repository will continue with detailed characteri-
zations being carried out which will involve the excavation of tunnels and/or a shaft down
to a part of the rock where SKB has planned to construct the repository. In the first ir-
stance, these investigations will only be carried out at one site. The construction of the
deep repository will then be planned. The safety of the repository - while it is in operation
as well as after it is sealed - will be analyzed and described in a preliminary safety as-
sessment report (PSAR) which will be included in an updated EIS and which will form
the basis of an application, in around the year 2003, for a siting permit in accordance with
the Act concerning the Management of Natural Resources etc. and the Act on Nuclear
Activities.

The National Housing Board states that a broader basis than just two detailed characteri-
zations is necessary, in order to support the conclusion that no other suitable site exists in
a municipality which is positive to the idea of a repository as well as to support the
conclusion that no other site exists which is more suitable for the repository. SKI's con-
sultant SINTAB/BERGAB proposes that besides detailed characterizations of a site,
another of the candidate sites should be further investigated with different boreholes and
other surface investigations.

In SKI's view, the issue of what breadth of alternatives will be necessary in connection
with the ultimate siting application in accordance with the Act concerning the Management
of Natural Resources etc. and the Act on Nuclear Activities, must be given attention al-
ready at this stage. SKI does not consider it reasonable to invest considerable resources
into carrying out detailed characterizations at more than one site unless this becomes
necessary because the first site proves to be unsuitable. On the other hand, this attitude
places great demands on the process which results in the selection of candidate areas and
a site for detailed characterizations. These issues can be more appropriately dealt with
within the framework of the EIS work. Furthermore, the request made by SKI and the
reviewing bodies regarding the specification of selection criteria and public insight into
the site selection process is particularly important in this respect.

SKI wishes to stress that SKB's plans for the design of the deep repository must be
established, on a detailed level, no later than during the stage of detailed characterization.
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All remaining safety-related issues must be resolved. In addition, SKI states that the re-
view of the application for a siting permit in accordance with the Act concerning the
Management of Natural Resources etc. and the Act on Nuclear Activities should be coor-
dinated as much as possible.

5.5.3 Stages 3 and 4: Construction and Deposition

At this stage, SKI has no objection to make to the description presented by SKB of its
plans for the construction of the deep repository or of its plans for depositing the spent
nuclear fuel (see Section 5.7 for a discussion of more technical issues).

5.5.4 Time-schedule for Siting

SKB has presented a preliminary time-schedule for carrying out the 4 stages, specified
above. The following preliminary times for the different stages have been given: Stage 1
(1993-1997), Stage 2 (1997-2003), Stage 3 (2003-2007) and Stage 4 (2007-2015).

In the view of the Swedish Association of Local Authorities, SKB's time-schedule is
now more concrete and the general premises for siting have been broadened. However,
the Association finds it remarkable that no plans for weighing up and evaluating the dif-
ferent siting issues have been presented, in spite of the fact that work must start as early
as 1993. The University of Gothenburg finds the time-schedule artificial and is of the
opinion that SKB should await the results of research work carried out at Äspö, for
example, and then define criteria for the rock barrier, on the basis of these results. Only
after this has been done, should the siting process be fully started in accordance with a
method specified in advance.

In the view of the Local Safety Committee at Oskarshamn nuclear power plant, the re-
maining stages in the siting work must be carried out with the opportunity for unlimited
public insight and at a rate which can be achieved with regard to political decisions and
acceptance v.ithin the municipality. A few years of extra time gained is of negligible sig-
nificance in the light of the long-term nature of the undertaking. The planned service life
of the demonstration-scale facility is 50 years. The time schedule does not contain any in-
vestigations of positive and negative societal effects. The time allotted for this does not
appear to be sufficient.

In the view of SKI's consultant, SINTAB/BERGAB, the experience gained from Äspö
and the siting and site investigations carried out before the KBS-3 report was prepared
show that the time pressure involved in carrying out several investigations and activities
in parallel is undesirable and should be avoided. SKB's urgency is difficult to under-
stand, whereas, on the other hand, good reasons exist for achieving high quality, inte-
gration and a thorough evaluation. SINTAB/BERGAB also questions whether Sweden
has the necessary resources in the form of expertise to carry out work at Äspö as well as
to carry out detailed characterizations, in parallel.
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SKI's evaluation is that SKB's time-scheduie seems to be rather optimistic. However,
SKI wishes to refrain from making more detailed comments on this issue, but wishes to,
instead, draw attention to the material that SKB must produce in connection with different
decisions which must be made in the future. SKI comments on this issue in several
places in its evaluation report. However, it is SKB itself which must decide whether
these possibilities for further clarification of issues which are as yet unresolved warrant a
review of the time-schedules.

5.6 PLANS FOR SITE INVESTIGATIONS

An important part of the siting process is the geoscientific investigations of different can-
didate sites. The state of the art, research and methodology for such investigations are
mainly reviewed in other parts of SKI's evaluation report (see Chapter 7, Supporting
R&D). However, certain issues must also be taken up here. SKB also plans to carry out
technical and socioeconomic studies. However, SKI's evaluation of the latter is covered
by the viewpoints of SKI and the reviewing bodies, presented in Sections 5.4 (EIS) and
5.5 (Siting Process).

5.6.1 Pre-Investigation Programme

When a candidate site has been investigated, SKB will initiate a geoscientific pre-investi-
gation programme. The aim of the first stage of these pre-investigations is to identify a
potentially suitable site within a previously selected candidate area. The aim of the in-
vestigations in the next stage is to obtain site-specific data for safety assessment, con-
structibility and construction planning prior to submitting an application for a permit to
conduct detailed characterizations.

The Swedish Geological Survey states that when two areas containing suitable rock types
and environments for hosting a repository are selected, regional, up-to-date geological
investigation data on the areas and regions must be obtained, especially if previous ma-
terial is out-of-date or incomplete. The University of Uppsala states that it seems as if the
geological programme has been cut back. RD&D 92 does not contain any detailed plans
for new candidate sites that SKB wishes to investigate.

In SKI's view, SKB has compiled a comprehensive database from different areas in
Sweden. On the other hand, relatively few analyses have been carried out on the collected
material. Different interpretations of data, different conceptual models should have been
validated to illustrate the precision in the measurements made. Field measurements do not
entirely characterize * vte - -ert-iin data are obtained for which the interpretation is uncer-
tain. Äspö will not automat.: r!y provide answers as regards the value of the pre-investi-
gations carried out. (See Ski's comments in Section 7.7, and Chapter 8). In the view of
SKI's consultant, SINTAB/BERGAB, SKB's previous site investigations are of limited
value, since they have not been placed in a regional context and have not been entirely
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carried out in stages, which is an approach which is required in order to obtain an idea of
what the site looks like.

In SKI's view, SKB's plans for geoscientific pre-investigations of candidate sites largely
conform to the investigations that SKB has carried out in areas previously studied and in
the pre-investigation stage of the Äspö project. However, the evaluation of the pre-in-
vestigations from Äspö has not yet been carried out (see Chapter 8) and it is not certain
that the methodology which has so far been used is adequate. SKI maintains that the
result of the pre-investigations must form the basis of the application for a permit to start
detailed characterizations. It is not possible to achieve a complete characterization of the
rock mass through pre-investigations nor through detailed characterizations. Thus, it is
necessary that SKB should specify what can be measured and with what accuracy as well
as what cannot be measured. Will the planned investigations provide answers to the
questions which must be asked before the detailed characterizations are started? An im-
portant part of the pre-investigation programme should be to formulate hypotheses about
what the site looks like as well as to identify where the uncertainties lie and to specify
these uncertainties. From the standpoint of safety, there are important unknown quan-
tities, particularly with regard to the capabilities of the rock to retard radionuclides, which
can only be determined with a high level of uncertainty by methods currently used (see
Section 7.7).

SKI's consultant SINTAB/BERGAB emphasizes that a programme for the quality as-
surance of the investigations should be defined from the very outset. However, the qual-
ity assurance programme must not be allowed to focus on issues which are relatively easy
to control, e.g. the ability to identify the source of documented information, but should
be structured so that it actually assures a high level of quality. The quality assurance pro-
gramme must be detailed, with a distinct prioritization of goals for the investigations, a
clear organizational structure and division of responsibilities, adequate documentation,
continuous integration as well as systematic and competent examination and evaluation of
results by organizations which are independznt and not directly involved in the work
carried out. SKI agrees with SINTAB/BERGAB's proposal, and intends to maintain a
continuous dialogue with SKB about these issues.

SKB notes that the pre-investigations will generate large quantities of data. The
University of Stockholm emphasizes that access to SKB's technical information is an im-
portant issue, and that follow-up work and searching of the material would be vastly
facilitated if all the technical reports could be available on CD ROM in the future. SKI
agrees and can only emphasize the fact that the data SKB collects will be needed by
others besides SKB. This is, above all, the case with regard to future examination and
evaluations by the authorities.

Another general viewpoint is that the pre-investigations should not damage the site so that
adequate repository performance is impaired. A conflict may exist between good charac-
terization and maintaining undisturbed conditions.



81

The regional characterization is important, from the standpoint of structural geology, if
patterns in the rock mass are to be identified. It is important to locate horizontal fracture
zones. However, the investigation methodology proposed by SKB (reflection seismics
and VSP) is uncertain and needs to be further developed. The identification of sub-hori-
zontal fracture zones must already be initiated at the stage of the regional investigations
(SINTAB/BERGAB).

It is commendable that SKB is planning to extend a few boreholes to a depth of 1000 m.
The investigations must resuit in an improved understanding of the nature of the rock
mass at great depths. Several deep boreholes may be needed for investigation.
Furthermore, drilling should not only be carried out to locate fracture zones. The proper-
ties of the rock between fracture zones are more interesting, since this is where the
repository will be located. From a purely general standpoint, the investigation should not
be limited to geological and hydrogeological properties. The rock mechanical and
chemical properties are also important to assure safe repository performance.

The aim of the pre-investigations is also to enable the repository to be planned. Feasibility
analyses and forecasts must also be prepared in order to avoid unpleasant surprises such
as spalling rock. Feasibility of construction is certainly, from the point of view of prin-
ciple alone, less important than safety. However, low feasibility of construction should,
in practice, also be an indication of dubious safety. Thus, feasibility forecasts may be im-
portant to determine, at an early stage, whether it is worthwhile to continue the investi-
gations at a particular site.

Finally, SKB should immediately start planning for long-term tests - in the candidate
areas as well as at ^spö. While long-term tests, over a period of several >ears, cannot be
used to demonstrate the long-term properties of the rock, it is possible that tracer tests
carried out over a period of 5-10 years in another way than has so far been possible, can
be used to determine the effective retardation properties of the rock.

5.6.2 Detailed Characterizations

SKB does not describe any specific plan for how detailed characterizations of a site will
be carried out, except to state that they will be conducted from a tunnel or a shaft sunk to
the planned repository depth.

SKB's level of knowledge regarding detailed characterizations is discussed in Section 7.7
and in Chapter 8 of SKI's evaluation report. It is stated that many questions remain to be
answered. Above all, the detailed characterizations must provide the answers to questions
(reduced uncertainties etc.) which will be posed during the pre-investigations.
Furthermore, the question of whether the detailed characterizations can damage a future
repository must be investigated. This applies to, for example, tunnel excavation, grouting
methodology and the use of concrete in the repository. It seems to be obvious that suffi-



82

cient time must be set aside to ensure that the necessary results are obtained from Äspö
and applied to these issues.

5.7 Construction of a Deep Repository

In order to deposit the spent fuel, SKB must construct an encapsulation plant, a deep re-
pository and set up a transportation system. The encapsulation plant, as well as SKB's
investigations of various systems for the deep repository are discussed in other parts of
SKI's evaluation (Chapters 3 and 4). The research and development programmes necess-
ary to construct a deep repository in accordance with SKB's main alternative, KBS-3 are
discussed below. SIT provides a very general description of the facilities which must be
constructed in order to realize the deep repository. More information is provided in
RD&D 92 and in the supporting R&D report. However, SKI has selected to discuss the
construction of the deep repository in this chapter.

5.7.1 Surface Facilities and Transportation

According to SKB, several surface facilities must be constructed. These buildings include
facilities for receiving canisters, handling and buffer and refill storage, handling and a
stockpile for excavated rock etc., technical service, administration and tunnel construc-
tions with lifts and ventilation buildings.

Bentonite Handling

In preparation for the present evaluation, SKI has commissioned a special study of
SKB's R&D work within the area of buffers (Lagerblad, 1993b). In the light of the
results from this study, SKI has no major objection to make to SKB's R&D work con-
cerning bentonite clay. Detailed comments are provided in Section 7.4. On the other
hand, SKI wishes to take up certain issues concerning the technical aspects surrounding
the buffer.

The methods which SKB has identified in its system selection are based on the use of
pre-compacted bentor.ite around the canister. As is discussed in the next section, it may
be of interest to study whether compacted blocks of a mixture of bentonite and sand can
be used as a backfill in the tunnels, as well. Another method, which is generally de-
scribed in SKB's RD&D Programme 92, involves compacting a mixture of bentonite and
sand in-situ in the tunnels, after which the upper part of the tunnels is filled in by in-
jecting a powder mixture.
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SKI notes that the processes outlined above involve a certain amount of handling of
powders as well as a number of issues concerning powder technology which must be in-
vestigated and resolved. SKB must investigate the following issues:

- Which properties must the bentonite blocks have and how will they be applied in
order to avoid local temperature rise:, on the canister surface, and the associated risk
of dryout and salt enrichment?

- How is the homogeneity of the bentonite safeguarded with regard to the risk of local
corrosion on the canister surface?

- How is the homogeneity of the bentonite safeguarded in connection with in-situ
powder handling in the tunnel? (Sand which has separated from the mixture can result
in high hydraulic conductivity. Alternatively, inhomogeneity can result in crack for-
mation).

- Should the blocks be treated by hot isostatic pressing which would entail a high cost
and the need to cut the blocks to the desired size?

- Should the blocks be subjected to uniaxial pressing which would entail higher
demands on adequate "collapse properties", the possible addition of an internal lubri-
cant and a lubricant for the pressing cylinder?

- What pre-treatment method should be applied to the powder, e.g. homogenization,
spray drying, shredding etc...

- Which additive can be used with regard to the risk for undesirable chemical reactions
within the repository after closure?

It is possible that SKB, once the above issues have been resolved, will reach the conclu-
sion that a special facility is necessary for pre-treating the powder and for pressing the
blocks. It is important to carry out tests, at the Äspö Hard Rock Laboratory, on pressed
blocks possessing the kinds of properties that could be acquired if the blocks were treated
in an actual process. It is desirable that such testing should be conducted over a period of
at least a few years, before the spent fuel is deposited. Therefore, SKI wishes to recom-
mend SKB to investigate the technical aspects of the bentonite handling process, in
greater detail, in order to investigate how preparation, pressing and application of the
powder should be carried out.

Transportation

The canisters containing spent nuclear fuel must be transported to the deep repository
from the encapsulation plant. It is as yet unclear where these facilities will be located and
the means of transportation which will be used (ship, train, special vehicles etc. or a
combination of these) has, therefore, not yet been determined. However, in general, SKI
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can state that SKB has considerable experience of the transportation of nuclear waste and
spent nuclear fuel as well as of the practical application of the transportation regulations
stipulated by the IAEA. SKI and the Swedish Radiation Protection Institute are the
supervisory authorities for safety and radiation protection, respectively.

5.7.2 Deep Disposal Methods

SKB maintains that methods for constructing the deep repository, for depositing the
canisters and for backfilling the space around the canisters with bentonite are based on
known methods or adaptations of known methods in accordance with established practice
within the field of engineering. SKI only partially agrees with this statement, since it is
not just a matter of physically constructing drifts and drilling deposition holes, emplacing
canisters and backfilling. In addition, the work must be carried out so that the quality re-
quirements which are made from the standpoint of long-term safety can be satisfied. At
present, these requirements have not been fully determined. Furthermore, such require-
ments are different in nature from the requirements usually made on underground rock
constructions. A quality assurance programme must be developed.

SKB fu^her states that the detailed siting of the repository can be achieved with great
flexib; y and that the location of tunnels and deposition holes can be adapted to local
conditions. As a matter of principle, SKI believes that SKB should seek to achieve this
kind of flexibility. However, extensive changes in the location of the tunnels may prove,
in practice, to be relatively complicated. In any case, a flexible approach requires that
criteria should be established for when the design of the repository must be changed or
deposition holes used. Such criteria must be based on quantities which can be measured
in practice and must, at the same time, describe essential qualities of the repository.

SKB discusses the possibility of using full-face drilling instead of conventional blasting
methods in order to excavate parts of the repository. In the view of SKI and SKI's con-
sultants (SINTAB/BERGAB and Hermansson et al., 1993), full-face drilling would
appear to offer several advantages. Both the excavation method in itself and the circular
form of the drift should result in a significantly smaller disturbed zone. Drilled tunnels
would also allow for other possibilities of backfilling. However, knowledge of the dif-
ferent effects of different excavation methods on the rock is inadequate and the disturbed
zone experiments which are being planned as part of the Äspö project, are, therefore, im-
portant. In addition, flexibility in the geometrical location of the repository drifts could be
altered if full-face drilling is used. With regard to this issue, Hermansson et al. (1993)
has raised the question of whether the location of deposition drifts on one level would
comprise a possible notch in connection with an ice-age. Distributing the tunnels in the
area, might reduce this risk.

SKB emphasizes that conventional methods for rock reinforcement where concrete is
often used may be unsuitable in a repository environment. Instead, the necessary prep-
arations must be made to use other methods. SKI agrees with this. SKB should investi-
gate these issues, especially the impact of concrete in the repository (Hermansson et al..
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1993). If methods must be developed, practical testing must be conducted. This can be
carried out at Äspö as well as in connection with other rock engineering projects. The
durability of the reinforcements must be established. It is not acceptable for drifts to "cave
in" during the deposition stage.

SKB maintains that grouting is regularly used for sealing and to prevent water from
entering excavated areas in the rock, and that considerable experience exists regarding
different grouting materials. However, SKI wishes to first of all state that knowledge of
the mechanisms of grouting is inadequate and that any existing knowledge which has
been obtained by practical rock construction engineers is inadequate. In addition, it must
be emphasized that grouting cannot be used to improve the long-term properties of the
rock, which Chalmers University of Technology also states. However, grouting is of
considerable practical significance, from the standpoint of safety to personnel and to
enable important work to be carried out in the repository, especially the application of the
buffer and backfill.

In order to seal large fracture zones containing water under high pressure, grouting
methods must be developed and combined with adequate construction planning. On the
other hand, there is a conflict between grouting and the concept of predictability. In addi-
tion, grouting can result in chemical reactions, especially if cement-based materials are
used. It is important that these issues should be investigated and that new grouting
methods should be developed.

In addition to the issues SKB mentions, SKI wishes to draw attention to a few other
questions.

- The chemical environment in the repository may be disturbed during the construction
and deposition stages. When the repository is drained, the groundwater flow will be
substantial. Groundwater near to the surface can, therefore, come into the vicinity of
the repository (Hermansson et al., 1993).

- Procedures for preventing the disturbance of the chemical environment through care-
lessness (spilt oils, belongings which have beer left behind etc.) must be established.

- The Swedish Society for the Conservation of Nature wonders whether a depth of 500
m is adequate for the deep repository bearing in mind land elevation and ice-ages. In
SKI's view, a discussion on the depth for locating the repository, is missing.

- The extension of the repository (or a demonstration-scale facility) must not affect the
spent fuel which is already deposited.

- The National Defence Research Institute maintains that systems for long-term reposi-
tory surveillance are necessary until such time that the repository is sealed. SKI
agrees with this view. Although the long-term safety cannot be demonstrated, the
long service life of the repository (and Äspö which has already been commissioned)
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provides a unique opportunity to carry out measurements and experiments for a very
long period of time (several decades).

This list of questions is by no means complete, and it might not contain the most import-
ant issues. However, the list illustrates that work on the practical design of the deep
repository has only just begun, and that a large number of technical questions - some
minor, others of greater significance - will emerge and will need to be resolved.

5.7.3 Deposition and Retrieval of the Spent Nuclear Fuel

During the period from 1993 - 1998, SKB plans to develop equipment for the retrieval of
canisters at same time that it develops deposition equipment. Different tests, possibly on a
prototype scale, will be carried out. The development of methods for producing and
handling bentonite blocks will be initiated.

In the view of the Swedish Society for the Conservation of Nature, it must possible to
retrieve the deposited spent fuel during the deposition stage. On the other hand, after
sealing, the retrieval of active waste must be prevented, for safeguards-related reasons, in
particular. The Society does not believe that this can be achieved in a KBS-3 type reposi-
tory.

The Swedish Radiation Protection Institute emphasizes the need for dose estimates, even
during the time that the repository is in operation. In the view of the Institute, retrievabili-
ty guaranteed through the repository design and the retaining of information is of value,
in itself, but the Institute can imagine abandoning the idea of retrievability if another re-
pository system, e.g. deep boreholes, should prove to provide an additional protection to
man and the environment.

In SKI's view, it is important that SKB, before the decision to start detailed characteri-
zations is made, should show, in a convincing manner, that the practical handling of
spent fuel in the deep repository can be solved through the normal process of engineering
development. Examples of questions which may require answers are the durability in the
rock reinforcements and grouting during the time that retrievability is still being con-
sidered as well as the manufacturing and handling of pre-compacted bentonite blocks.
Plans must also be made for taking care of the retrieved canisters.

5.7.4 Backfilling, Plugging and Sealing

SKB plans to backfill the repository with a sand-bentonite mixture. Adequate backfill is
required to prevent tunnel deformations. Chalmers University of Technology maintains
that the holes in the rock will seal themselves with time, and, compared with current
knowledge of the rock, the uncertainties surrounding the durability and performance of
the backfill in the tunnel and shaft system, are fundamental. The University of Stockholm
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wonders how different kinds of backfill and plugs can withstand glaciation and degla-
ciation effects such as pressure and thermal gradients.

SKI wishes to emphasize that further study is required. Full-face drilling may entail new
possibilities for refilling, since the fine tolerance c f the shape of the tunnel would make it
possible to backfill the tunnel using pre-compacted bentonite (Hermansson et al., 1993).

SKB also points out that once deposition is completed, boreholes, tunnels and shafts
must be sealed at strategic points, otherwise, the groundwater flow, as well as the effect
on the groundwater chemistry, will be so high that the properties of the repository will be
jeopardized. Based on actual experiments at the Stripa mine, SKB states that plugs which
efficiently seal the actual tunnel can be built of concrete and bentonite. The prerequisites
for a durable sealing of the rock nearest to the canister are less clear, but such sealing is
expected to be achieved by cutting a slit in the tunnel wall. This could be combined with
grouting.

In SKI's view, the plugging of the repository is a very important issue. An unsealed re-
pository is not acceptable. Certain questions currently exist regarding the possibilities of
efficiently sealing the repository. The problems are mainly connected with the difficulty
of predicting the disturbed zone and with uncertainties regarding the durability of the
plugging. SKB must investigate these issues, especially those concerning the durability
of the plugging in the event of climatic changes (permafrost) and other scenarios.

5.7.5 Safeguards

SKB does not raise the issue of safeguards in connection with the deep repository. In the
view of the National Defence Research Institute, safeguards relating to a deep repository
are simpler and less important that those relating to another installation for handling fis-
sionable substances. However, safeguards-related issues should, in any case, be men-
tioned in connection with the design of the facility. The Swedish Society for the
Conservation of Nature believes that the KBS-3 method is very inadequate from the
standpoint of safeguards and will require continuous surveillance. An alternative reposi-
tory design must be found.

In SKI's view, as presented in Section 2.10, the safeguard issues must be further in-
vestigated. However, this hardly means that the KBS-3 method will prove to be unsuit-
able from the standpoint of safeguards. Furthermore, the advantages of deep boreholes in
this regard are not obvious.

5.7.6 SKI's Overall Evaluation

In summary, SKI does not regard the practical problems connected with the construction
of the deep repository as being so significant that they would render the system design
unsuitable at this stage. On the other hand, it must be emphasized that many of the prob-



88

lems and issues which are described above must be resolved before an ultimate decision
can be made on the application for a permit to start detailed characterizations.

5.8 SUMMARY OF SKIS EVALUATION

In SKI's view, thf ; 'ans described by SKB can be used as a point of departure for
further planninr " the deep repository project. However, SKI considers that the plans
presented bv ' .' must be further developed before work on a concrete deep repository
can be st.-», v.

D? vnich can be used from investigations of possible sites will provide an important
'-• s for determining the design of the final disposal system. Thus, it is reasonable to
•'art pre-investigations at sites in order to obtain such data. At the same time, it must be
emphasized that completely different demands on data and system design will apply, once
the investigations have become so extensive as to entail a significant commitment to a
particular site. In SKI's view, this is the case when the detailed characterizations are
initiated.

The term "demonstration deposition" is unsuitable and even misleading. Long-term safety
cannot be demonstrated and the commitment to the site for the demonstration-scale
repository will be significant. Several important, and capital-intensive parts of the system
must be constructed on a large scale, regardless of how much spent fuel is to be
deposited. On the other hand, SKI considers it to be natural to construct the repository in
stages, with recurrent evaluation by the authorities. During the construction period and
deposition stage, SKB should continue to investigate the long-term safety of the
repository. For this work to be meaningful, it is important that there should be a real
possibility, both in the practical and financial sense, of retrieving the fuel.

In SKI's view, it is likely that premises do exist for the safe final disposal of spent
nuclear fuel. However, SKB has not consistently identified the gaps in knowledge which
exist and the questions which remain to be solved. SKB has also not shown that good
geological conditions exist for siting a deep repository within most parts of Sweden.

In SKI's view, the general technical, geoscientific and societal siting factors, when
weighed up as a whole, would show that certain parts of Sweden are less suitable for
siting a repository. Therefore, SKB should, at this stage, and before extensive pre-in-
vestigations of the candidate areas are initiated, conduct an analysis of the siting factors
and identify the areas in Sweden which, in the first round of the selection process, appear
to be less suitable as possible sites for a repository.

On the other hand, SKI wishes to emphasize that it is not meaningful to rank sites with
the purpose of identifying the best site. Several important properties, mainly with regard
to the local groundwater flow and the radionuclide retardation capabilities of the rock, can
probably not be determined without extensive investigations. Thus, SKI realizes that
SKB must select a suitable site on a partially incomplete basis. This means that SKB
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must maintain flexibility in its evaluation of various sites. The pre-investigations and '*,:-
tailed characterization of a certain site may yield results which mean that the site must be
abandoned. The more SKB investigates a site, the greater the commitment it makes to that
site. Therefore, it is important that SKB should understand, at an early stage, that it
should avoid sites for which the prognosis of safely hosting a repository is unfavourable.

A well-structured EIS process will be an important tool in preparing a sound basis for
decision-making and for gaining acceptance for the siting of a repository. Various parties
must be involved in the EIS process, not just those who are formally decision-makers.
An important aspect of the EIS process is the dialogue with the parties concerned re-
garding what must be included in an EIS and a recurrent analysis of the issues that these
parties consider necessary to investigate. SKI also supports the idea that the parties con-
cerned should be given a real (financial) possibility of taking part in the work. It is clearly
reasonable to give such support to the municipality concerned, but the details of how
such support should be given and the question of whether other parties should also be
given support must be investigated.
The EIS shall be the main document where the different consequences and aspects of
siting a repository are considered as a whole. It must be possible to trace the sources of
information provided in the document and references must be made to all underlying
work. In addition, SKI considers it to be obvious that the safety assessments which have
been carried out should be the basis of the document, although the viewpoints of other
parties concerned must also be taken into consideration if the process is to be meaningful.
The EIS document must consider alternative sites and methods as well as a zero alter-
native.

SKI wishes to strongly emphasize the fact that comprehensive pre-investigations cannot
be initiated before an acceptable plan for such work has been prepared. The description
presented in SKB's RD&D Programme 92 is not an adequate basis.

Detailed characterizations involve a major commitment to a site. This means that SKI can
probably only approve an application for a permit to conduct detailed characterizations if
decisive issues regarding the final disposal system have been solved and if there is a
practical plan for carrying out the detailed characterizations.

The question of the range of alternatives which will be necessary in connection with the
final application for a siting permit in accordance with the Act concerning the
Management of Natural Resources etc. and the Act on Nuclear Activities must be ex-
plored already at this stage, within the framework of the EIS work. SKI does not con-
sider it reasonable to invest a considerable amount of resources into the detailed charac-
terization of more than one site, unless this becomes necessary due to the fact that the first
site proves to be unsuitable. On the other hand, this standpoint places great demands on
the selection process which will result in the selection of candidate areas and the selection
of sites for detailed characterization.

The practical problems associated with the construction of the deep repository arc hardly
so severe that they would indicate, at this stage, that the selected design principle is un-
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suitable. However, several problems and issues exist which must be resolved before an
ultimate stand can be taken on the application for a permit to start detailed characteri-
zations. The surface facilities for bentonite handling, the repository depth, the excavation
method, the concrete in the repository, grouting, systems for long-term monitoring, re-
trieval of deposited spent nuclear fuel, sealing of the repository and safeguards must be
investigated.

SKI considers SKB's time-schedule for the deep disposal project to be rather optimistic.
However, SKI refrains from making detailed comments on this issue and wishes instead,
to draw attention to the background data which SKB must prepare and have available at
different times in the future so that decisions can be made.

Finally, the success of the deep repository project also depends on other parts of SKB's
work. SKB is planning to acquire essential knowledge of investigation methodology and
the repository design within the framework of the Äspö project. In order to show the
safety of the repository, in a convincing manner, in connection with licensing, advances
must be made within safety assessment and other supporting R&D. Furthermore, the
question can be raised whether the permit for the siting of the repository can be processed
independently of the permit for the siting of the encapsulation plant. The safety of the
deep repository cannot be assessed without knowledge of the properties of the canisters.
Conversely, SKI can hardly approve the production of canisters without knowing
whether they can be stored as intended. The practical properties of the deep repository
must be known. The above argument means that high demands will be placed on SKB's
organization and planning. At this stage, there may be very good reasons for dividing up
the work into different projects. However, the different activities must be coordinated and
the role played by the different projects - the orderer (e.g. deep repository project) and the
suppliers (e.g. the Äspö project) must be established. Finally, the different projects must
be integrated.
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6 SAFETY ASSESSMENTS

6.1 INTRODUCTION

SKB has selected to describe activities within the area of safety assessment in a separate
chapter (Chapter 10 in RD&D, and Chapter 2 in R&D). SKB states that the nuclear ac-
tivities must be conducted in an acceptable manner with regard to safety and radiation
protection. Safety is assessed with the aid of performance and safety assessments. The
results shall be expressed in terms that agree with the acceptance criteria established by
the authorities.

6.1.1 Current State of Knowledge

SKB refers to the "Collective Opinion" which the NEA/IAEA/EC has published, which
states that methods currently exist for assessing the safety of a repository. SKB also
states that the material in the recently completed SKB 91 safety assessment largely con-
sists of an account of the state of the art.

Chalmers University of Technology points out that safety assessments or estimates of
probabilities cannot be verified. The feedback of experience which can be achieved in
other industries, cannot be achieved in connection with a repository for spent nuclear
fuel, and SKB should specify this fundamental problem which cannot be resolved. The
Royal Institute of Technology has several objections to make to SKB's way of describing
safety assessments, see below. However, the Institute states that almost everything
seems to indicate that SKB has used available data and technical and scientific knowledge
in a reasonable manner in order to plan and carry out the safety assessments. The
People's Campaign against Nuclear Power-Nuclear Weapons emphasizes that the
"Collective Opinion" does not state that safe methods exist for the disposal of spent
nuclear fuel. The document deals with safety assessment methods, and no broad interna-
tional consensus has been reached among international experts that the final disposal
methods fulfill high safety requirements.

SKI participated in the work on the "Collective Opinion". The document deals with safety
assessment methods and SKI supports its conclusions. However, the document states
that a correct and adequate understanding of the system which is being studied is the pre-
requisite for meaningful safety assessments. For this to be a:hieved, further research and
development is necessary.

SKI has examined SKB 91 (SKI, 1992) and can state, on the basis of this examination,
that SKB 91 contains major deficiencies regarding the description of the state of the art,
since an analysis of the near field and the long-term stability of the rock is lacking. In
addition, the connection to site-specific data in SKB 91, is tenuous and a discussion of
the validity of the interpretation is lacking. SK 91 states that a repository is safe if the
engineered barriers are stable in the long-term. However, this statement is more or less
obvious and does not lead to the conclusion that an actual repository is safe.
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The Royal Institute of Technology observes that SKB 91 is not a comprehensive safety
assessment. SKI's group of consultants (Hermansson et al. 1993) stresses that it is not
evident that the canister is stable in the long-term and that, in addition, SKB 91 is based
on a copper-lead canister which can possess other properties than the composite canister
now being recommended (see Section 7.3). In the view of SKI's consultant. Intera
(Apted, 1993), it has not been adequately proven that the ground water chemistry is stable
in the long-term.

SKI wishes to firmly emphasize that SKB 91 has not shown that all necessary issues
have been resolved or that a large number of sites would fulfill the requirements. These
issues were not studied in SKB 91 and SKI strongly objects to SKB describing SKB 91
in this way. In spite of this, SKI wishes to state, at the same time, that SKB's actual
competence in the area is of a high standard, seen from an international perspective.

6.1.2 Purpose of the Safety Assessment

SKB states that safety assessments can be carried out for different purposes during dif-
ferent stages in the development of a repository. SKI agrees with this viewpoint and
emphasizes that safety assessments should be important tools for integrating and prior-
itizing research and development work and should not just be a basis for applications for
different permits. However, the prime purpose of a safety assessment is to balance all
factors involved and, thereby specify the overall safety of a repository, which means that
the safety assessments must not be too limited in scope.

SKI and SKI's consultant, Intera (Chapman et al., 1993) cannot refrain from com-
menting that the direction of SKB's research programme, which contains considerable
work on investigating the groundwater flow in rock, does not appear to follow the
conclusions which SKB has drawn from SKB 91. Bearing in mind the highly limited
scope of SKB 91, this is not an objection to SKB's research programme but indicative of
SKB's problems in limiting and prioritizing the areas of work in the research programme
in a justifiable manner. Such limitation and prioritization is necessary. Therefore, this is
another reason for the need for achieving a broadly based safety assessment.

6.1.3 Scope and Limitations

Several reviewing bodies have commented on the scope and limitations of the safety as-
sessment.

The National Chemicals Inspectorate would like to see a description of chemical hazards
and emphasizes that such a description is required. In the view of the National
Environmental Protection Board, the same requirements should be made on the descrip-
tion and assessment of the dispersion and effects of chemotoxic substances as for the
radioactive components, at least for the next 100 000 years.
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The Royal Institute of Technology states that although the safety assessment is
fundamental, it is difficult to find, in RD&D 92. a plan of how a safety assessment of the
entire system will be conducted. A comprehensive safety assessment must specify system
limitations in time and space, relationships between the components of the system, data
and knowledge of sub-systems and components, assessment methods as well as
uncertainties arising from the uncertainty of the models and errors or deficiencies in the
quality of data collected. In addition, the Institute states that a repository cannot be simply
divided up into various components. Since no obvious cause/effect relationship exists,
the question may arise of dependencies between several components and processes. It is
important for SKB to state which dependencies can arise and which of these it has
decided to take into account.

The Swedish Natural Science Research Council states that the safety assessment is very
important and notes that it includes assessments of the different functions of the reposi-
tory and an assessment of radionuclide release and transport and the consequence of this
on the biosphere. The Council considers that i' would be of value to study, in detail, in
the safety assessment, the necessary conditions for and probabilities of the occurrence of
phenomena other than the corresponding standard cases. Several independent investi-
gations should be conducted to study the sensitivity of the results with regard to model
selection, treatment of uncertainties etc.

SKI also wishes to strongly emphasize that a safety assessment must not be limited to
linking together models for predicting source terms, barrier performance, groundwater
transport and dose. All processes which affect the repository performance must be ana-
lyzed and the underlying knowledge base must be specified. However, unfortunately, the
description of safety assessments presented in RD&D 92 gives the impression that SKB
has decided on an approach which is too limited in scope. For example, SKB has decided
to incorporate a hydrogeological description of the rock into the safety assessment, but
fails to discuss the geochemical environment or the rock mechanical conditions. This is
particularly remarkable, since SKB itself maintains that the most important function of the
rock is to guarantee a stable chemical environment and to provide mechanical support. In
the same way, assessments of the near field cannot be limited to predicting fuel solubility
and nuclide release, but must cover all the essential processes affecting the long-term
properties of the canister.

Furthermore, a very important task of an integrated safety assessment is to treat uncer-
tainties. The structuring of these uncertainties - which will, more or less, always exist - is
a task of vital importance, which will enable correct assessments of the relevance of dose
consequences or other predicted safety indicators to be made. How measurable
(quantifiable) uncertainties will be considered in relation to non-quantifiable deficiencies
in knowledge must be described.

6.1.4 Acceptance Criteria

SKI and the Swedish Radiation Protection Institute are working on developing principles
and acceptance criteria for the long-term disposal of high-level radioactive waste. The
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work has been partly conducted in cooperation with the Nordic countries (Nordic Criteria
Document 1989) and the Swiss authority. HSK (SKI/HSK/SSI, J990). SKB assumes
that the work will continue so that the safety criteria will have been determined before
work on siting reaches the formal licensing stage.

The Swedish Radiation Protection Institute r*ates that a general, established practice
exists for the examination and evaluation of a repository in Sweden, based on previous
evaluations and on work relating to criteria. On the other hand, detailed criteria * how a
formal evaluation is to be carried out are lacking. Although this could be advantageous in
that the authorities can base their work on scientific premises and maintain flexibility, the
disadvantage is that it might be difficult to dis' .iguish which decisions are technical-
scientific and which are more political in nature. A more structured framework for the
decision-making process is needed, and this can also be achieved through the joint work
by the authorities regarding requirements for Environmental Impact Statements (EIS).
The Institute will be actively involved in this work.

SKI agrees with the Institute's views. Regulations and general guidelines for EIS in ac-
cordance with the Act on Nuclear Activities will be jointly prepared by SKI and the
Swedish Radiation Protection Institute. In addition, SKI will work actively to coordinate
the safety-related and radiation protection requirements with the other requirements that
can be made on an EIS, in accordance with the Act. (See Chapter 5 for a further dis-
cussion of this issue). With respect to this matter, SKI also wishes to emphasize that the
evaluation of safety assessments is not restricted to checking whether or not estimated
radioactive releases comply with the criteria which have been specified. Most of the
evaluation work focusses on investigating whether all the essential processes and their
inherent connections with each other have been included in the assessment and whether
these have been correctly described from a technical/scientific perspective. This issue is
connected to the description of the state of the art, scenarios, treatment of uncertainties
and validation. SKI is currently involved in preparing guidelines for validation together
with the safety authority in the USA, the U.S. Nuclear Regulatory Commission. SKI
will focus on these issues in its forthcoming work on preparing general guidelines and
regulations. SKI's view on these issues is further developed in the next section, Safety
Assessment Methodology.

6.1.5 SKI's Overall Evaluation

SKl's overall evaluation is that SKB should review its approach to the scope, limitations
and purpose of safety assessments. In addition, it is important that SKB should, as soon
as possible, carry out an integrated, comprehensive safety assessment in order to cor-
rectly assess the relative importance of different problems and gaps in knowledge. Only
after this has been done, will it be really meaningful to formulate the long-term research
programme and its priorities.
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6.2 SAFETY ASSESSMENT METHODOLOGY

A safety assessment is based on models and knowledge of the system. In addition, in
order to achieve an overall assessment of this information, integrated system analytical
methods and approaches are required.

6.2.1 Scenarios

SKB plans to develop the method for the systematization of scenario development which
was initiated, several years ago. in the form of a joint project with SKI (SKI is currently
conducting independent research into scenario methodology). The focus of the work,
which has already been started, is to describe the links between the different basic pro-
cesses and external events - Features, Events and Processes (FEPs) - which can affect the
development of the repository system. The FEPs and links are being documented in a
database.

The Royal Institute of Technology states that ? determining factor is which scenarios are
included. The procedure for scenario selection is very important and must be more clearly
described. In connection with the selection of scenarios, it is essential to understand that
the most probable sequence of events is not necessarily the most interesting. The risk
potential for less probable scenarios may be significantly higher. One way to handle the
selection of scenarios could be to use two independent groups of experts.

SKI agrees with the Institute's views. It is also essential that the work on scenarios
should not be carried out in isolation and that it should not just be produced afterwards as
SKB's proof for having made the correct assessments. Instead, the scenarios should
control the structuring of the safety assessment. SKI supports SKB's proposal to con-
tinue to develop the scenario methodology. It should be emphasized that scenario
methodology is currently an area of strong international development and that no "best"
method has yet been established. However, SKI shares SKB's view that a description of
the inherent dependency between different FEPs is a good starting point. This starting
point is valuable since it provides the opportunity of identifying new dependencies and
critical event chains. The description is also suited to independent control and can easily
be updated with new information. However, this method does not completely solve the
basic problem of how to select a few scenarios which provide an adequate description of
a spectrum of future events. This always requires a certain measure of judgement and
SKB should develop methods for this. Furthermore, it is important that the work on
scenarios should be documented and reported from an early stage so that outsiders, SKI
or other parties, can have the opportunity to exercise influence over the scenarios that
SKB ultimately analyzes. (See the discussion on the EIS in Section 5.4).

SKB states that the list of FEPs and the description of the relationship between them will
be updated once the work on encapsulation, the deep repository etc. has advanced. The
University of Stockholm maintains that it i* absolutely necessary that an integrated safety
assessment which is already part of a pre-planning stage for the construction of a reposi-
tory should be based on systematic scenario work. SKI's consult, SINTAB/BERGAB
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emphasizes that scenarios can affect the work on site characterization. Data for the ana-
lysis of scenarios and 'or the justification of scenarios selected may be required.
Chalmers University of Technology puts forward a similar view.

SKI strongly approves of SKB's work on continuously updating the scenario description
and wishes to emphasize that these documents are dynamic and that it should be possible
to change them at any time. Fear of a loss of prestige should not result in a persistent
commitment to inadequate conclusions drawn in previous work. Such a flexible process,
which shows how new knowledge is utilized should, in the long term, be an effective
tool for SKB to show, in a convincing manner, that it has sufficient competence in the
area. On the other hand, even in connection with assessments carried out at an early
stage, SKB should strive to analyze scenarios which are as comprehensive as possible.

In previous work, SKB has analyzed the impact of several different external events,
including climatic changes (glaciation), defects in the repository system as well as human
error and intrusion. SKB intends to support the compilation of an international FEP data-
base within the OECD/NEA. In addition, SKB plans to continue to follow the
OECD/NEA's work on treating issues relating to human error and intrusion. Several re-
viewing bodies have made comments on which scenarios and FEPs SKB should treat.

The Geological Survey of Sweden maintains that the complicated hydrogeological pro-
cesses which occur in connection with glaciation and the question of whether the ice is
frozen through or not should be taken into consideration. In addition, the Geological
Survey states that it is not possible to predict, at present, where any new fault movements
will occur in connection with glaciation, or independently of glaciation, but that the prob-
ability that a repository would be affected or seriously damaged is estimated to be low.
Furthermore, in the view of the Geological Survey, it is perhaps less likely that hydraulic
conditions, redox conditions and the chemical composition of the groundwater in the bed-
rock would remain stable around a repository for hundreds of thousands of years, and
that extensive modelling, based on different scenarios, is necessary.

In the view of the National Defence Research Institute, knowledge of plate tectonics has
increased considerably in recent years, and this could result in revised opinions as re-
gards probable impact on the repository and on the criteria for site selection. In the view
of the Swedish Society for the Conservation of Nature, County of Bohus, glaciation
effects and neotectonics must be investigated. The Swedish Natural Science Research
Council states that it may be found that a physical degradation of the repository is re-
quired for a breach in integrity, which increases the importance of the site selection and
that long-term scenarios should be investigated where dynamic movements in the Earth's
crust and radical climatic changes can be included

The Swedish Association of Local Authorities states that the repository must be able to
withstand cases of "force majeure", e.g. war, social unrest, terrorism, natural disasters
and climatic changes such as an ice-age. However, in the Association's view, it will be
impossible to continue to fulfill the extremely high demands which must be made. In the
opinion of Chalmers University of Technology, future well-drilling would jeopardize
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safety. The Royal Institute of Technology perceives an unfavourable attitude to societal
changes and human intrusion. The Society for the Conservation of Nature discusses
human intrusion with the intention of locating fissile material for manufacturing arms.

The National Council for Nuclear Waste (KASAM) has previously stated the principle
that the nuclear waste should be disposed of in a manner that does not require institutional
control but does not make retrieval impossible. The Swedish Radiation Protection
Institute maintains that the approaches to intrusion, retrieval and repairability are particu-
larly important with regard to the choice between a repository which is under surveil-
lance, the main alternative KBS-3 and the alternative deep boreholes. This subject is
being discussed intensively and should be given a clear structure. The Institute considers
retrievability to be a factor which allows for flexibility and public insight. For all stages in
the realization of the repository, it is important to retain information on the location, de-
sign and content which will be passed on to future generations. This information may
also be of use for a very long period of time to come. The final disposal of spent nuclear
fuel is a new problem, to which SKB cannot directly apply other experience gained
within society. The Institute considers that it is important that the issue should be investi-
gated and included in the programme. SKI agrees.

SKI agrees with KASAM's approach to the principle of human intrusion. To decide
which forms of human intrusion should be analyzed and which should be treated more
philosophically is complicated. It is absolutely necessary for the repository to be capable
of withstanding the impact of certain inadvertent events, e.g. errors and mistakes during
waste deposition or well-drilling. However, it is unreasonable to seek to prevent inten-
tional intrusion in advance. In SKI's view, the question of human intrusion would be
most appropriately treated through the context of joint international work. On the other
hand, it must be stated that successful international cooperation requires active discussion
also in Sweden. The handling of issues relating to intrusion and other human factors can
be expected to concern several Swedish organizations, other uian those interested in the
purely technical aspects. This much is clear from the views of the reviewing bodies. SKB
should ensure that any discussions on human intrusion which are conducted interna-
tionally are also communicated to and discussed by these Swedish organizations. To only
refer to the conclusions drawn by international experts would probably not be sufficiently
convincing. Thus, SKI, in cooperation with the Swedish Radiation Protection Institute
and other interested parties must also continue to be actively involved in this issue.

SKI wishes to point out, in general, that the list of possible scenarios which may need to
be analyzed could be very lengthy. The reviewing bodies have indicated some areas
where further work is justified. While SKI refrains from formulating additional and de-
tailed views on the matter here, SKI wishes to emphasize that the large number of poss-
ible scenarios further illustrates the need for documentation and a scenario selection strat-
egy. However, from a purely general standpoint, SKI wishes to firmly stress that SKB
should analyze scenarios that provide information on how the repository would perform
in different situations - even if these scenarios are judged to be very unlikely. For ex-
ample, it is worth studying cases with severely damaged canisters or loss of buffer, since
the consequences of such events would provide information on the importance of the per-
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formance of these components. Even if such cases would result in the release of high
levels of radioactivity to the environment, this would not necessarily prevent the reposi-
tory' from being accepted and approved. In this respect, the interesting question would
be. instead, the level of credibility SKB can achieve in proving that the scenario will not
occur in combination with the consequence of the scenario if it should occur.

6.2.2 Treatment of Uncertainties

SKB states that even if the safety assessments have attained a high degree of refinement
and realism, the assessments are. in spite of everything, riddled with uncertainties of a
qualitative and conceptual nature, as well as of a quantitative, numerical nature. Different
attempts to characterize the uncertainties have been made, but, in SKB's view the border-
lines between the uncertainties are fluid and indicates that all uncertainties ultimately
derive from the knowledge gaps that still exist. With regard to methods for treating uncer-
tainties, SKB refers, in RD&D 92, to the PROPER computer code and the probabilistic
assessments in SKB 91. Further development of SKB's approach to uncertainties is not
discussed.

The University of Stockholm maintains that probabilistic calculations with PROPER can
be favourably combined with deterministic variation calculations in an integrated safety
assessment. In the University's view, probabilistic tools can be used independently of
how the uncertainties are represented. In the view of Otto Brotzen, the first step in
dealing with uncertainties should involve an overview of the links in existing safety as-
sessments, which would describe to what extent they represent postulations, theoretical
relationships, empirical data or general, alternatively, site-specific data, field data and
tests. This is necessary in order to more easily perceive the gaps and deficiencies in the
data on which the assessments are based.

In the view of the Swedish Radiation Protection Institute, no broad consensus exists re-
garding the possibility of making prognoses far into the future with regard to e 'gineered
constructions. Quantitative predictions of the repository's performance may be credible
for the period during which most of the total radioactivity consists of the substances with
shorter half-lives. Criteria for disposing of radioactive substances should relate to the
period until the next expected ice-age.

SKI states that the description and treatment of uncertainties is an issue of overall import-
ance. From the point of view of principle, the uncertainty naturally increases as the time
which has elapsed since repository closure increases. However, at the same time, the
toxicity of the spent fuel decreases through radioactive decay, which is also why the re-
quirement on the accuracy of predictions becomes less stringent with time. On the other
hand, it would be wrong to justify viewing in a less serious light the hazards of the waste
after long time spans by the sole argument that prognoses are difficult to make. On the
contrary, it can be asserted that it may be more difficult to tolerate an event with a certain
consequence if considerable uncertainty exists with regard to the actual severity of the
consequence.
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Complete and absolute certainty can never be guaranteed for any human activity. In order
to develop a functional and safe final repository, uncertainties must be treated. This can
be achieved through the design of the repository and through the method of carrying out
the safety assessment. In SKI's view. SKB also applies both of these principles, even if
this is not clearly shown in RD&D 92. However, SKB's approach may need to be devel-
oped.

By equipping the repository with multiple barriers, the consequences of the malfunc-
tioning of one of the barriers can be reduced to a tolerable level. This can also be of great
importance to safety if the barriers can be shown to function independently of each other
in relation to a common initiating event, i.e. if common cause failures can be eliminated.
Another way of reducing or eliminating the risk of a certain consequence could be to base
the repository according on a robust design with adequate margins for such conditions
where there may be a risk of malfunction. However, this strategy does not reduce the
need for a safety assessment, although it could focus on the question of whether the
barriers actually are independent, and on establishing whether the margins actually are
adequate. The need for more exact predictions will be less, which is important with
regard to the problc.n of describing and treating uncertainty.

It is productive to separate the different types of uncertainties which can arise in a safety
assessment. Certain types of uncertainty are generic and cannot be quantified, such as the
question of which scenarios will be studied and whether all relevant processes and in-
herent links have been included. In this respect, the method of system description (cf
scenarios above) is a determining factor in the assessment of safety. Other uncertainties
are more specific and, at least, partially quantifiable, such as the question of whether a
certain process is correctly described or how measurement data are to be interpreted. In
certain cases, these uncertainties can be described as different, competing model descrip-
tions (conceptual uncertainty) or as an uncertain parameter interval. In other cases, the
lack of knowledge may be more fundamental. These issues are closely related to vali-
dation (see next section). Finally, certain properties vary as a function of time and space.
This variability is not an uncertainty and must not be confused with uncertainty.
However, on the other hand, variability may be the cause of uncertainty, since it makes
measurement and interpretation more difficult.

Quantifiable uncertainties are often described with the aid of probabilistic methods. In
SKI's view, this may be illustrative. In addition, probabilistic codes, such as PROPER,
are valuable tools in connection with sensitivity analyses. On the other hand, SKI wishes
to, at the same time, also caution against treating all uncertainties exclusively by this
method. Firstly, probabilistic methods cannot treat the non-quantifiable uncertainties.
This is a major deficiency, since it is these uncertainties, in particular, which would con-
ceal any possible reason for objecting to the safety of the repository. Secondly, there is
no obvious interpretation of the concept of probability in connection with uncertainty.

In SKI's view, SKB should describe which deficiencies in understanding and knowledge
exist in the form of uncertainties. In addition, SKB should continue to develop methodo-
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logy for describing and balancing different uncertainties. (A corresponding development
is also required of the safety authorities).

6.2.3 Description cf the Knowledge Base and Validation

SKI finds it highly remarkable that SKB. in connection with safety assessments, does
not discuss the justifiability of the relationships, models and data upon which the assess-
ment is based. In SKI's view, such a description is an essential part of a safety assess-
ment. These problems can be included within the concept of validation. In this section.
SKI provides some general views on validation, based on SKI's work within joint inter-
national projects, especially INTRAVAL, and within joint work with the U.S. Nuclear
Regulatory Commission. More detailed views on validation are provided in Chapters 7
and 8.

From a purely general standpoint, it must be stated that predictions of future events can-
not be proven. Above all, extrapolation can never be based exclusively on empirical data.
Extrapolation requires understanding, i.e. knowledge of the different mechanisms which
could be of importance, as well as adequately defined parameters. This does not prevent
the acquisition of important knowledge through the analysis of experiments or natural
analogues with the aid of different models and hypotheses. Statements of validity must be
based on scientific reasoning and on the result of such analyses. In particular, site-speci-
fic data should be considered as the results of different experiments and not as the
measurement of specific properties. Furthermore, validation is not just a matter of com-
paring model predictions with measured data. The essential question is why a calculation
deviates from experimental data and whether this deviation affects results which are im-
portant for safety. Within INTRAVAL, different quantitative methods have been devel-
oped to make such comparisons. It must also be established that different uncertainties
have different effects. The extrapolation of different model results within the framework
of an integrated safety assessment is a way of putting the question of adequate validity
into perspective. SKB is recommended to take these questions into account.

6.2.4 Quality Assurance

With regard to quality assurance, SKB refers to experience gained from SKB 91.
However, SKB has not described such experience in the SKB 91 report. In general, SKI
wishes to emphasize the need for quality assurance as well as the need for establishing a
quality assurance plan at an early stage and integrating this plan with SKB's organization.
However, the quality assurance programme must not focus on issues which are relatively
easy to control, such as the ability to trace the sources of documentation, but must be de-
signed so that it really assures a high level of quality. The quality assurance programme
must be detailed, with clearly prioritized objectives for different tasks (calculations,
acquisition of data etc.), a clear distribution of responsibility and organizational structure,
adequate documentation, continuous integration and a systematic and competent evalu-
ation of the results obtained by a party which is independent of direct involvement in the
work carried out. SKI is conducting a dialogue with SKB about these matters.
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6.3 SAFETY ASSESSMENT OF THE CONSTRUCTION
AND OPERATING STAGES

SKB maintains that safety must also be shown for the operating stage, including, e.g.
conditioning, storage, transportation and deposition. Furthermore, the operating safety is
linked to the long-term safety by the quality of the engineered barriers or the probability
and extent of any non-detected defects at the time of manufacture. The assessment of the
operating safety must also include the handling which is necessary for the possible re-
trieval of the deposited spent fuel and interim storage of the spent fuel deposited during
the demonstration stage.

SKB maintains that well-developed, tried and tested methods and procedures exist for as-
sessing the safety of systems in active operation within the nuclear power industry. SKB
considers that these methods are adequate for assessing the operating safety of the facil-
ities which are being planned within the nuclear waste programme. However, a certain
amount of further development work is required for a number of operations which are
being planned at the encapsulation plant.

The Swedish Radiation Protection Institute maintains that the radiation protection prob-
lems prior to. and in connection with, the sealing of the repository are important and not
negligible in relation to the late effects of exposure to radiation released from the reposi-
tory. The resources used by SKB for estimating the late effects must be weighed up in
relation to the resources used to estimate the early effects. In the view of the Institute, it
would appear that insufficient resources are being invested into minimizing the early
effects, such as doses to individuals in connection with decommissioning, encapsulation,
transportation and deposition.

SKI shares SKB's view that no particular difficulty exists in assessing the safety during
the construction and deposition stages. As regards the connection between operating and
long-term safety. SKI also wishes to emphasize that this connection is not just a matter of
the level of quality which can be attained during the operating stage. As regards principle,
a conflict may also arise between operating safety and long-term safety. For example, a
situation could arise where a manufactured canister, on the one hand, does not fulfill all
the requirements but where, on the other hand, it would result in an increased dose to the
personnel at the repository if corrective action were carried out on a defective canister.
This question is further reinforced in connection with the retrieval of already deposited
spent fuel.

SKI's consultants, Hermansson et al. (1993). particularly emphasize the problem that
disturbances during the operating stage could have a long-term impact on the repository.
The chemical environment is affected while the repository is open. The groundwater flow
is considerable. Scrap and other spillage which occur, represent a risk of disturbing the
chemical conditions in the repository. SKI agrees with these views and recommends that
SKB should conduct assessments of (his stage, which has been somewhat neglected so
far.
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6.4 OTHER LONG-LIVED NUCLEAR WASTE

SKB siates that safety assessments of the repository for other long-lived nuclear waste
(core components, fuel boxes, control rods etc.) can be. to a certain extent, based on the
same methodology as that used for the repository for spent nuclear fuel as well as on the
methodology developed for SFR. but that certain furtr.er research work is necessary.

The National Environmental Protection Board stresses the importance of the chemical
characterization and the chemotoxic risks associated with this type of waste, in particular.
A description of such factors is required, even if the risk is judged to be small. The
Swedish Radiation Protection Institute states that SKB must describe alternatives for the
disposal, in Sweden, of the long-lived waste which is stored at Studsvik. Other cat-
egories of waste, such as radiuii needles etc. require special studies.

SKI agrees that the safety assessment methodology, described in Section 6.2 and
elsewhere, can also be generally applied to the long-lived waste. However, the technical
issues may be different. Of particular interest, is the fact that the chemical composition of
this waste is more complex than the spent nuclear fuel and that the form of the waste, in
general, cannot be expected to have the same level of durability as the copper canisters.
Related chemical phenomena are of importance, in this respect. SKI's views on this mat-
ter are presented in further detail in Chapter 9. However, on a general level, SKI finds
SKB's description of the need for research relating to this type of waste, much too brief.

6.5 MODELS FOR CALCULATING THE RELEASE AND
TRANSPORT OF RADIONUCLIDES

SKB has chosen to describe plans for the further development of a nun.ber of models
which are included in the safety assessment within the section on safety assessments. The
description concerns models for the release and transport of radioactivity in the near field,
assessments of chemical processes in the near field and the groundwater flow in the far
field.

As explained above, SKI wishes to first of all emphasize that safety assessments include
more than just the development of computer codes for related models. One of the most
important questions in the evaluation of a safety assessment is whether all the essential
processes and their inherent relations have been included. The selection of models pre-
sented by SKB in the section on safety assessments does not in any way represent a
comprehensive assessment. The knowledge base, including models, which SKI is
seeking, is reported by SKB in other parts of the programme (the Äspö Project and
Supporting R&D) and SKI's evaluation of this is. consequently, provided there.
However, certain general comments on the models which SKB has chosen to present in
the section on safety assessment are given below.
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6.5.1 Near Field

SKB has developed a computer model (TULLGARN) for the prediction of the release
and transport of radionu,.i,-les from the near field. No further development of the model
is planned. In SKB's view, the present models fulfill the requirements which can be
made during the duration of the programme.

SKI is surprised at this statement. SKB is planning to carry out comprehensive experi-
ments on fuel solubility and nuclide release and many processes and relationships in the
near field are associated with considerable uncertainty. It can also be expected that the as-
sessments of the composite canister will lead to requirements on changes. Thus, in SKI's
view, it would have been reasonable for SKB to have planned to carry out further devel-
opment of the near field models.

SKB plans to analyze the performance and safety of the composite canister as soon as
possible. Furthermore, SKB intends to study chemical processes in the near field,
focussing especially on bentonite and its impurities and on the effect of cement in the re-
pository. Finally, a new performance ana'ysis of the near field in 1996 is being planned
in the safety assessment which will be carried out for the permit to start detailed charac-
terizations at a suitable deep repository site, in accordance with the Act concerning the
Management of Natural Resources etc.

SKI is strongly in favour of SKB analyzing the properties of the composite canister, as
soon as possible. In addition, such an analysis could lead to re-assessments of the chemi-
cal and physical processes which need to be studied in the near field. Assessments of the
chemical processes in the near field are also important and must be integrated into the
safety assessment.

SKI also wishes to draw attention to gas as a possible carrier of radionuclides. The ques-
tion of whether the geogas or the gas which is produced in connection with the corrosion
of the composite canister would present a problem in this respect, may also need to be in-
vestigated.

With regard to safety assessment, it must also be mentioned that a comprehensive safety
assessment, including all the essential processes, must be carried out long before 1996.
The issues which need to be investigated include disturbances of the mechanical and geo-
chemical environment in the far field. It should once more be emphasized that this kind of
assessment requires that different kinds of knowledge should be integrated and that
focussing exclusively on computer-based models for predicting nuclide transport is not
adequate for this purpose.

6.5.2 Far Field

In the description of the far field, SKB states that it is the task of the safety assessment to
link the models for various essential processes to calculational models for transport in the
far field. In SK''s view, as should already have been evident, this approach is much too
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limited. The rock possesses other important properties besides the groundwater flow. For
example, the mechanical and geochemical environment which affects the near field must
be described. Furthermore, SKI does not understand why SKB places so much import-
ance on the groundwater flow in the far field without discussing the uncertainties in other
transport parameters. The uncertainties regarding chemical sorption properties, matrix
diffusivities and the effective contact surface between the groundwater flow and the rock
matrix are, for example, as substantial as the uncertainty regarding the groundwater flow
(see Section 7.5).

SKI wishes to emphasize that one of the basic problems of describing the rock in a safety
assessment, is the major uncertainties arising from the fact that site-specific data only
provide very incomplete information. SKB states that it intends to validate groundwater
models in its forthcoming programme. While this is commendable, SKI questions SKB's
validation strategy (see Chapters 7 and 8).

SKB plans to study alternatives to the stochastic continuum-based description of the
rock. SKI supports this. SKI also wishes to point out that different proposed conceptual
models for heterogeneous rock exist (see Section 7.5). However, this relationship must
not be confused with the fact that different numerical computer codes exist which are
based on the same conceptual description.

6.5.3 Biosphere

SKI's and the reviewing bodies' views on the biosphere are reported in Section 7.9.

6.6 SAFETY ASSESSMENTS WITHIN THE DEEP
REPOSITORY AND ENCAPSULATION PROJECTS

6.6.1 General Considerations

SKB is planning different safety and performance assessments in connection with the
large projects on encapsulation and deep disposal which are planned to be carried out in
the 1990's. In Chapter 2, SKI expressed the need for integration between these projects
and the knowledge which is obtained in the supporting work, including the Äspö project.

At this point, SKI wishes to particularly emphasize that recurrent safety assessments,
which include assessments of the encapsulation, construction and deposition stages, are
an important method of achieving integration between the deep repository and encapsu-
lation projects, and will provide information on the areas where further development
work is necessary. SKI also wishes to draw attention to the fact that a performance ana-
lysis of the encapsulation plant may be affected by the safety assessment of the deep re-
pository and vice-versa. Assessments of the encapsulation plant will provide answers to
the question of whether canisters of sufficient quality can be manufactured, assessments
of the deep repository will provide answers to the question of what level of quality is
necessary to assure safety.
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6.6.2 Safety Assessments of Specific Candidate Sites

SKB specifies some of the stages which it plans to include in a safety assessment based
on pro-investigations of a candidate site. SKB emphasizes overall regional hydrogeologi-
cal modelling as well as the analysis of flow paths for groundwater as a basis for deter-
mining the location of the repository at the candidate site.

SKI has the impression that SKB's planned assessments are much too focussed on
hydrology. Modelling must focus on studying changes in the chemical and rock mechan-
ical environment to a much greater extent than before. Bearing in mind the uncertainties
that will exist regarding the hydrogeological properties of the rock, it is not advisable that
the location of the repository should be determined solely on the basis of predicted flow-
paths. In the heterogeneous system of the rock, the direction of the groundwater flow on
the repository scale will be very difficult to predict (see e.g. Project 90, SKI, 1991). The
hydrological analysis should, instead, focus on the regional flow pattern and on the
groundwater flow in the repository.

Finally, SKI must once again stress the fact that even initial safety assessments must be
broad in scope. All potentially important factors and associations with uncertainties must
be included. It is a completely different matter if knowledge of certain phenomena
(especially site-specific phenomena) is limited at an early stage. In this respect, SKI
wishes to strongly emphasize that this is natural and acceptable, providing that SKB can
show that further investigations (future pre-investigations or detailed characterizations)
will probably resolve the uncertainties which are important for the safety of a future re-
pository. SKI wishes to particularly emphasize that the prime purpose of safety assess-
ments during this early stage, is not to show that the repository is safe but to prioritize
and structure future work.

6.7 SUMMARY OF SKI'S EVALUATION

The prime purpose of a safety assessment is to identify the combined consequences of a
repository. However, the safety assessment is also an important tool for integrating and
prioritizing research and development work. In SKI's view, SKB should also use safety
assessments, to an increasing extent, for this purpose.

SKI wishes to point out that the SKB 91 safety assessment is not an adequate account of
knowledge within the area. In addition, SKB 91 has not shown that all vital questions
have been resolved or that a large number of sites in Sweden would satisfy the require-
ments. In spite of this, SKI wishes to, at the same time, convey that SKB's actual com-
petence within the area of safety assessment is of a high standard, seen from an interna-
tional perspective, and that SKB actively contributes to international cooperation and de-
velopment within the area.

The use of the safety assessment as a tool for establishing the combined consequences of
the repository, and for prioritizing research and development work means that the as-
sessments should not be too limited in scope. All processes which affect the performance
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of the repository must be analyzed as far as is reasonably possible and the underlying
data must be reported. In SKI's opinion, SKB should re-evaluate its approach to the
scope, limitations and purpose of safety assessments. Furthermore, it is urgent that SKB
should initiate work, as soon as possible, on an integrated, comprehensive safety as-
sessment in order to be able to correctly weigh up as a whole, the various problems and
gaps in knowledge. Such an assessment can be started without the selection of a specific
site, since most of the data which need tc be considered are not site-specific. Only after
the safety assessment has been completed, will it be really meaningful to formulate the
long-term RD&D programme and its priorities.

In connection with the Swedish Radiation Protection Institute, SKI will develop accept-
ance criteria, prepare guidelines for safety assessments and issue regulations and general
guidelines for the preparation of EIS in accordance with the Act on Nuclear Activities and
the Radiation Protection Act. At this point, SKI wishes to stress that the evaluation of
safety assessments is not limited to checking whether or not estimated radioactive releases
comply with the criteria which have been specified. Most of the evaluation work focusses
on investigating whether all the essential processes and their inherent connections with
each other have been included in the assessment and whether these have been correctly
described from a technical/scientific perspective. This places high demands on the de
scription given and SKB's safety assessments should be adapted accordingly.

SKJ supports SKB's proposal to further develop the scenario methodology. However,
SKB must further develop and describe a clearer methodology for scenario selection.
Furthermore, SKB should analyze hypothetical scenarios which provide information on
how the different repository components perform - even if the probability of these scen-
arios occurring is considered to be low.

SKI supports SKB's participation in joint international work (OECD/NEA) on human
intrusion into a repository. However, SKB cannot only rely on the results of these joint
efforts, but must also conduct a dialogue on issues relating to intrusion with a relatively
wide circle of parties in Sweden. SKI agrees with KASAM's (National Council for
Nuclear Waste) statement regarding the principle that the waste should be disposed of in a
manner that does not require institutional control but yet does not make retrieval imposs-
ible. The repository shall be capable of withstanding the impact of certain inadvertent
events, e.g. errors and mistakes during waste deposition or well drilling. However, it is
unreasonable to seek to prevent intentional intrusion.

SKB should develop its methodology for describing and weighing up the various uncer-
tainties, as a whole. Only a minor part of all the uncertainties involved in a safety assess-
ment can be described using probabilistic, and other, quantitative methods.
Corresponding development work is also required of the safety authorities.

SKI finds it remarkable that SKB, when describing safety assessment, does not discuss
the validity of the relationships between different factors, models and underlying data on
which the assessment is based. In SKI's view, such an account, which can be included
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broaden its view on validation.

SKI shares SKB's view that there is probably no special difficulty in assessing safety
during the construction and deposition stages. However, disturbances during these stages
can have a long-term effect on the repository. SKI advises SKB to conduct a thorough
analysis of these issues.

SKI agrees that the safety assessment methodology can generally be applied to the other
long-lived waste. However, the technical issues may be different and SKB's description
of the need for research relating to this type of waste is much too brief.
SKB should develop its description of the near field. SKI is strongly in favour of SKB
immediately analyzing the properties of the composite canister as well as the chemical and
physical processes in the near field. The properties of the composite canister need to be
investigated much more thoroughly. SKI also wishes to draw attention to gas as an alter-
native transport pathway for radionuclides.

SKI considers that SKB should develop its description of the far field. SKB's current
description focusses exclusively on issues relating to hydrology. Although these issues
are important, the mechanical and geochemical environments in the far field which affect
the near field are more important and should be included in the description. In addition,
all processes which affect the retardation of radionuclides in the far field should be in-
cluded, i.e. sorption properties, matrix diffusivities and the effective contact surface be-
tween the groundwater flow and the rock matrix.

Recurrent safety assessments which include evaluations of the encapsulation, construc-
tion and deposition stages are an important means of integrating the deep disposal and
encapsulation projects. These assessments will also provide information on where further
development work is necessary. SKI also wishes to point out that a performance assess-
ment of the encapsulation plant may be affected by the safety assessment of the deep re-
pository and vice-versa. Assessments of the encapsulation plant will provide answers to
the question of whether canisters of sufficiently high quality can be manufactured, while
safety assessments of the repository will provide answers to the question of what level of
quality will be necessary to assure safety.

The scope of the initial safety assessments in the deep disposal project must also be
broad. SKI has the impression that SKB's planned assessments focus exclusively on
hydrology. All potentially important factors and relationships between these factors
should be included. The modelling must focus on determining the chemical and rock
mechanical environment. With regard to the uncertainties which will exist concerning the
hydrogeological properties of the rock, it is not advisable that the location of the reposi-
tory should be determined solely on the basis of predicted flowpaths. The hydrological
assessment should focus instead on the regional flow pattern and on the groundwater
flow in the repository.
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7 SUPPORTING RESEARCH AND
DEVELOPMENT

7.1 INTRODUCTION

According to SKB, the purpose of the programme for supporting research and develop-
ment is to increase the existing base of knowledge needed for siting the repository and for
carrying out safety assessments. The work has been planned so that available knowledge
can be compiled in preparation for:

- the application for a permit to conduct detailed site investigations, in accordance with
the Act concerning the Management of Natural Resources etc.

- the application for a licence to construct the encapsulation plant

- the application for a siting permit and licence for a deep repository for demonstration
deposition in around the year 2001.

This programme is described in a separate background report to the RD&D programme,
Detailed R&D Programme 1993-1998. However, of the subjects which are dealt
with in separate chapters in this background report, SKI has focussed on "Safety
Assessments" (R&D Chapter 2), which is evaluated in Chapter 6 of SKI's evaluation and
"Other Waste" (R&D Chapter 12), evaluated in Chapter 9. The Chapter on "Technology
for Deep Disposal" (R&D Chapter 11) is also evaluated in Chapter 6.

It should be noted that the different subject areas which are evaluated below have very
varied breadths. In certain cases, these areas also have many connections to other areas
and activities and these connections must also be elucidated. For these reasons, the length
of the different sections is varied, but this variation in length does not indicate an evalu-
ation by SKI of the importance of the different areas.

In the last section of this chapter - Section 7.11 - SKI's evaluation of SKB's entire R&D
programme is summarized. The evaluations of the different subject areas are normally
summarized at the end of the particular section concerned.

7.2 SPENT NUCLEAR FUEL

7.2.1 Introduction

The spent fuel can, in itself, be considered as the innermost barrier in a repository for
direct disposal of spent nuclear fuel. This is related to the fact that the fuel, in the form of
uranium dioxide, is a ceramic with high durability in the environments which may arise in
the repository. However, this situation is complicated by a series of factors. The fol-
lowing are of particular importance:
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- The original composition of the fuel changes as a function of burnup; for example,
fission products and transuranic elements are formed. Many of the fission products
form new phases, and some of these have a lower stability than the fuel matrix. Such
phases can result in a more rapid release of radionuclides than from the matrix and
this factor must be taken into consideration in the models used in safety assessments.

- The uranium dioxide in the fuel matrix is only thermodynamically stable in a reducing
environment. Oxidizing conditions will lead to more rapid dissolution.

- The radiation from spent fuel results in the radiolysis of water, which can dissociate
into relatively inert hydrogen and strongly oxidizing species in the form of radicals
and hydrogen peroxide. This means that, even in a reducing environment, the fuel
can be converted (corroded) through an oxidative mechanism.

The description of how the fuel is affected following a breach in canister integrity and
how different radionuclides are released is, in a double sense, a central part of the safety
assessment for a repository. However, it must be remembered that the spent nuclear fuel
is very complex - chemically as well as physically. In addition, because of the high spe-
cific radioactivity of the fuel, experiments with this material must be conducted with the
aid of remote-controlled equipment in hot cells, which makes the work more difficult and
considerably more expensive. These difficulties limit the extent to which knowledge of
the behaviour of the spent fuel can be improved within a reasonable period of time. Joint
international projects are necessary in order to attain specified goals. This is a factor that
SKB has taken into consideration from the outset.

SKB states that Sweden, Canada and the USA have been leaders for more than a decade
with regard to studies of the stability of spent nuclear fuel in a repository environment.
The Swedish studies first started in 1977, on a small scale, as a part of the KBS-2
project.

In the 1993-1998 research programme, SKB will focus on experimental studies of the
properties of the fuel, corrosion studies, model development and studies of natural ana-
logues. The overall goal is to develop models for the release of radionuclides from the
fuel under the conditions which can occur in a repository.

7.2.2 Characterization of Spent Nuclear Fuel

Experimental investigations of spent fuel, both in its original form and after leaching
tests, arc an essential part of SKB's work within this area. SKB's aim is to determine the
distribution of important nuclides between different phases. SKB states that this area has
been given high priority.

SKI agrees with this, and wishes to emphasize that it is important that the investigations
should focus, in particular, on mechanisms which could be important to take into account
in connection with the modelling of the fuel solubility and the release of radionuclides. It
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is regrettable that these particular investigations have been initiated at a relatively late
stage.

Although it is not clear from SKB's programme, SKI assumes that the work should nat-
urally take into account and, as far as possible, also use the knowledge acquired in con-
nection with the numerous spent fuel investigations which were conducted in order to
characterize fuel behaviour during reactor operation.

7.2.3 Corrosion Studies and Interpretation of Experimental Data

SKB refers, to a large extent, to leaching experiments of spent fuel conducted in Sweden
as well as abroad. While SKB's description is certainly very detailed, it is not a logical,
cohesive presentation of the state of the art. In SKI's view, this reflects the fact that the
experimental studies have not yet been adequately integrated with the theoretical and
modelling work. An interpretation and description of the experimental results in compari-
son to model-based hypotheses would have been preferable. (See the next section for
further comments).

In the interpretation work described, SKB mentions solubility control for the release of
certain elements, e.g. from pure oxide phases. In SKI's view, spent fuel is such a com-
plex system that it would be surprising if simple models of this kind could explain ex-
perimental results. Furthermore, mixed phases and resorption are not discussed as poss-
ible explanations for observed discrepancies for neptunium, for example. It is another
matter entirely that the simplified and conservative models which may eventually have to
be used in the safety assessment can be based on not more than a fraction of all possible
factors. However, in SKI's view, it is necessary to use the more sophisticated models to
improve understanding in connection with experimental studies and, especially, to devel-
op an adequate basis for the validation of the safety assessment models.

The faster grain boundary release for, e.g. cesium and technetium, is an important obser-
vation which underlines the need for the experimental programme that SKB intends to
carry out during the period.

The corrosion studies will continue, and SKB intends to carry out more focussed ex-
periments with the aim of establishing the importance of the redox conditions, ground-
water chemistry and fuel burnup. At this point, SKI wishes to add that the need for
special studies of MOX fuel still has to be considered. In addition, from all indications,
the chemical environment of the fuel will be different in a composite canister than in a
copper canister filled with lead, mainly due to the presence of large quantities of iron in
the system. The iron would probably cause a change in the redox conditions in the fuel-
canister-bentonite system. SKI considers that this issue must be given high priority, since
it could change the conditions for the experimental programme. On the whole, it is high
time to ensure that the chemical environments used in experiments and postulated in
modelling are made more relevant to the conditions in the repository than has previously
been the case.
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SKB is also planning special investigations to determine the role of radiolysis in connec-
tion with fuel corrosion. SKI wishes to stress the importance of these investigations
which are fundamental for model development. Furthermore, in SKI's view, the possible
formation of new phases with strongly alpha active nuclides on the fuel surface may be
an additional factor to take into consideration.

The Swedish Natural Science Research Council emphasizes that the steel in the inner
canister should be an effective reducing agent and stresses the importance of identifying
the uncertainties in the corrosion mechanisms.

Even if the phenomer »s such is not important to fuel corrosion, it can be mentioned,
at this point, that the ' rsity of Stockholm raises the issue of gamma-radiolysis. This
factor may need to be i -stigated again, since thinner canister walls are now being con-
sidered.

SKI's consultant, Apted (1993), considers that the occurrence of mixed phases should be
considered in connection with the interpretation of experimentally determined concentra-
tions of, e.g. uranium and plutonium. Furthermore, Apted believes that the redox phe-
nomena should be better characterized in connection with experiments, as well as the
newly formed phases with fission products.

Hermansson et al. (1993) underlines the importance of characterizing the fuel in different
leach situations in order to understand the leaching mechanisms.

In the view of Chalmers University of Technology, SKB should investigate how the type
and quantity of waste is affected by the possible, continued operation of nuclear reactors
beyond the year 2010, by the use of other types of fuel and by other operating condi-
tions.

7.2.4 Model Development

The models used for predicting the release of radionuclides from the fuel in studies such
as SKB 91 and Project 90 were based on a mechanism with oxidative conversion of the
fuel's oxide matrix. SKB states that the purpose of further model development is to pre-
dict this kind of fuel corrosion over long periods of time. SKB also states that this is only
possible if the dissolution mechanisms, in the short-term as well as the long-term per-
spective, are known.

SKI agrees with this, but wishes to clarify the matter by adding that only a more pro-
found understanding of the mechanisms as they can be studied through experiments con-
ducted over a short period of time, can provide a reasonably solid basis for extrapolation
to longer time spans. The study of natural analogues (see next section) is another pre-
requisite for the validation of such extrapolations.

For long time periods, SKB states that once the alpha activity has decayed, the possibility
exists of abandoning the oxidativc, kinetically-based model and of, instead, describing
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the dissolution of the fuel (and the radionuclide release) using a model based on solubility
limitations. In SKI's view, this mechanism is an example of processes which it should be
possible to investigate in detail in connection with studies of natural analogues.

SKB's overall goals for the fuel investigations are:

- the progressive refinement of models for the safety assessment in 1996

- the development of a realistic model by the beginning of the 21st century, in time for
the application for a siting permit and an environmental licence for the deep reposi-
tory.

In SKI's view, such a description and such goals are not satisfactory. The work on de-
veloping a realistic model must be initiated immediately and be given high priority so that
it can be used to effectively interpret and control the very costly experimental programme.
In this context, it should be observed that SKB, during the period, intends to invest as
much as 35% of the total resources within the supporting R&D programme in fuel in-
vestigations. This further underlines the need for careful planning and prioritization. In
SKI's opinion, this can only be achieved through an adequate integration of the theoreti-
cal and experimental work as well as through the availability and early application of re-
search-orientated "realistic" models as well as simplified safety assessment models.

The description of model development which SKB includes in its goals for the period
(R&D Section 3.3.4) is vague and does not give the impression of an awareness of the
problems which have been specified above. Furthermore, this description is incomplete
since only the fuel corrosion mechanisms are mentioned. SKI assumes that model devel-
opment must also, naturally, include other release mechanisms than those relating to the
corroded fuel matrix, especially radionuclide release from the separate and newly formed
phases arising during operation (grain boundary release).

SKI's consultant, Apted (1993) also raises the issue of the need for more realism in the
modelling of the phenomena existing in the repository as well as the issue of the use of
safety assessment (system) models to justify experimental investigations of individual
processes.

Hermansson et al. (1993) states that the claim that a threshold exists for the effect of the
dose rate on fuel dissolution must be supported. It is also necessary to determine how
such a threshold is affected by the other chemical and physical parameters of the system.
Hermansson also emphasizes the possibility of the formation of electrochemical elements
in a damaged canister containing carbon steel, copper, Zircaloy etc. Such elements could,
in turn, contribute to the dissolution of the fuel.

7.2.5 Natural Analogues.

SKB has commissioned extensive studies of natural occurrences of uraninitc as a means
of improving the understanding of conversion processes in spent nuclear fuel. These in-



114

vestigations have been interpreted with respect to the differences in environment and
other conditions existing between the natural analogues and the spent fuel in a repository.

Further studies of natural analogues to fuel will be conducted during the 1993-98 period
and these will focus on improving the understanding of the structure and conversion
reactions for different uranium oxides. The variations in the geochemical environment
will also be taken into consideration during the interpretation work.

SKI considers the planned work to be of great value and judges the work that has so far
been carried out to be of a high scientific standard. However, SKI wishes to emphasize
that models are also necessary for the interpretation of natural analogues. Cigar Lake (see
Section 7.7) is among the analogues which appear to be most promising in this respect.

7.2.6 Overall Evaluation

The experimental parts of SKB's programme for fuel investigations are of a high stan-
dard and are being conducted in cooperation with the best available international expertise
within the area. However, this aspect is marred by the fact that the planning and interpre-
tation of the experiments have not been founded on a correspondingly sound theoretical
basis. In the description provided in the programme, it is not clear how the necessary in-
tegration of model development and experimental studies will be achieved. This aspect of
SKB's programme must be improved. This is of particular importance with regard to the
volume of the resources SKB intends to invest within this area.

7.3 CANISTER

7.3.1 Introduction

In SKB's RD&D Programme 92, SKB discusses issues relating to the canister in R&D
Chapter 4 and, to a certain extent, in RD&D Chapter 6. The programme described by
SKB in R&D Chapter 4, focusses on the following points.

- to show that the canister is chemically resistant over a long period of time in the re-
pository environment

- to show that the canister is mechanically durable in relation to the loads which it will
be subjected to in connection with handling and final disposal

- to develop canister manufacturing methods

- to develop methods for the verification and control of the properties of the manufac-
tured canisters.

Due to the structure of this evaluation report, studies of alternative canister design are dis-
cussed in Section 3.4.2 and issues relating to canister manufacturing and sealing are dis-
cussed in Chapter 4. This section primarily deals with issues relating to the long-term
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durability of the canister, i.e. materials-related issues, corrosion, stress corrosion, and
mechanical properties.

In its examination of R&D Chapter 4, SKI has noted that it is often difficult for the reader
to track down the sources behind different statements made. Thus. SKB should in future
programmes, incorporate clearer references to published material. Furthermore, SKB is
recommended to publish, to a greater extent than before, results which have been
achieved in general scientific journals, or in any case, in SKB's technical report series.

7.3.2 Alternative Canister Materials

SKB states that copper has been the reference alternative since the end of the 1970's (but
does not mention any second alternative to copper). According to SKB, copper was
selected because the copper canister was judged to have a very long lifetime in repository
conditions, from the standpoint of corrosion etc.

However, certain studies have been carried out on alternative materials. With regard to
ceramic materials, delayed failure was identified by SKB, at an early stage, as a possible
and difficult-to-predict failure mechanism. On the basis of this observation, SKB reaches
the conclusion that it is difficult to establish a minimum lifetime for a ceramic canister.

SKB goes on to state that the risk of delayed failure due to hydrogen embrittlement also
exists for titanium. Furthermore, crevice corrosion is possible in water containing chlo-
ride. SKB reaches the conclusion that, compared with copper, titanium does not appear
to offer any obvious advantages as a canister material for Swedish conditions.

In its evaluation of SKB's R&D Programme 89, SKN approved SKB's preference for
canisters made of copper and combinations of copper and other materials. Other materials
could be studied by following up international developments and by supplementing these
with work in Sweden.

SKI observes that the comparison between different canister materials provided by SKB,
is not supported by a reference to any report where SKB has systematically compared
different materials, e.g. in accordance with the method used in PASS.

However, SKI considers it to be important that different suitable materials should be
compared in such a systematic manner and recommends that SKB should carry out a
more systematic and thorough comparison. Such a comparison could specify which pro-
perties are important, to what extent different materials possess such properties, con-
siderations of the aspects which SKB judges to be most important as well as SKB's
conclusions on how different materials can be used.

SKI also wishes to emphasize that even if copper currently appears to possess the pro-
perties which SKB prioritizes, the absence of a second alternative could make the pro-
gramme more vulnerable. SKB's different studies of canisters are far from completed.
The fact that further development work is in progress means that new knowledge will be
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acquired. Therefore, the possibility cannot be excluded that results may emerge which
indicate that copper does not possess properties which are as favourable as SKB has so
far had reason to believe. Thus. SKI recommends that SKB should consider whether a
second alternative could be included in the programme (e.g. through joint work with
another organization which prefers another material, or by showing that lead has adequate
properties for use as a filler).

Alternative canister materials are also discussed in Section 3.4.2. Issues relating to the
determination of the quality of the copper are discussed below in connection with
mechanical properties.

7.3.3 Corrosion-related Issues - Copper

Introduction

SKB describes (R&D Section 4.1.2) different possible reasons for copper corrosion in
the presence of groundwater:

- Reactions between copper and hydrogen sulphide ions which occur in low concentra-
tions in groundwater.

- Reactions between copper, divalent iron and sulphate ions (in connection with which
copper sulphide can be formed).

- Reactions between copper, organic material and sulphate ions (in connection with
which copper sulphide can be formed).

- Reactions between copper and oxygen (which, according to SKB, could be trapped
and remain in the repository for a period of some hundred years after closure).

- Stress conosion (interaction between mechanical stresses and chemical reactions in a
crack).

SKB has recently completed a new investigation into corrosion-related issues (Werme et
al., 1992), and has reached the conclusion that no rapid corrosion process which could
lead to an early breach in canister integrity can be identified.

In the description of planned work within the area of corrosion (R&D 4.3.1). SKB
reaches the conclusion that the corrosion properties of copper have been relatively well
investigated and that, consequently, only minor work will be required on this issue over
the next few years.

However, according to SKB, certain issues relating to local corrosion of the copper
canister under mildly oxidizing conditions may need to be further investigated. SKB does
not give high priority to such work, on the basis that such conditions cannot be expected
to occur in the repository other than during a short period of time after deposition and re-
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pository closure. On the other hand. SKB expects that additional work will be required to
further investigate the conditions which cause stress corrosion.

Some of the reviewing bodies have made general comments on the issue of the resistance
of the canister to corrosion and the long-term durability of the canister:

The Natural Science Research Council states that the canister is the most important engin-
eered barrier, and that SKB has not identified any corrosion processes which can result in
a breach in canister integrity within a shorter period of time than millions of years. The
Council goes on to say that, if this statement can be verified, the conclusion can be drawn
that no radioactive waste components can escape from the repository within a correspon-
ding period of time. In the light of this, the Council states that no unexplained areas
should be allowed as regards possible corrosion mechanisms in the repository environ-
ment.

Studsvik AB observes that SKB, in its safety assessment, places greater emphasis on the
engineered barriers and the near field (compared with the performance of the rock and
previous assessments) and considers this to be justifiable. However, Studsvik maintains
that this greater emphasis has not be sufficiently reflected in the distribution of planned
work in SK3's RD&D Programme 92. As an example of this, Studsvik cites the en-
vironment's importance for the occurrence of local corrosion.

The People's Campaign against Nuclear Power-Nuclear Weapons has examined the
issues raised by the researchers in SKB's programme, and has found that uncertainty
exists with regard to the following points:

- the stability of the copper layer with regard to local corrosion (pitting)

- the stability of the copper layer with regard to stress corrosion (under the mildly oxi-
dizing conditions which can exist while oxygen is still present in the repository)

- the stress relationships in the actual, full-size canister

- the stability of the copper in the presence of certain sulphur compounds

- the stability of the copper in the presence of sulphate

- radiolytically induced stress corrosion on the inside of the steel canister.

The conclusion of the People's Campaign is that a remarkable level of uncertainty exists
with regard to the ability of the canister to remain intact for a long period of time. The
People's Campaign also expresses the reminder that, several years ago, Gunnar Hultquist
at the Royal Institute of Technology, reported that copper corrodes in pure, oxygen-free
water.

The National Testing Institute observes that corrosion issues have naturally played a cen-
tral part within the programme and emphasizes that, because of the long-term perspective.
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even the importance of processes which appear to be unlikely, must be thoroughly in-
vestigated. The Institute also mentions that it is carrying out an investigation, on behalf of
SKI (previously on behalf of SKN) with the aim of establishing whether copper can cor-
rode in pure water.

SKI is of the opinion that a certain level of uncertainty remains with regard to important
points relating to the corrosion and long-term properties of the canister. High demands
should be made on the proof provided by SKB with regard to these properties. In : .!>-
tion, SKI considers that SKB's view of the canister as the component in the final
posal system which has the best qualities for providing an absolute and long-term isola-
tion of radionuclides has not been adequately reflected in the distribution of research
work within the programme.

In SKI's view, the long-term time perspective and the associated uncertainty should mean
that the importance of less likely processes must be thoroughly investigated.

This viewpoint will be developed in greater detail below. See Hermansson et al. (1993),
Sjöblom (1993) and Amcoff (1992).

Canister Environment

SKB anticipates that the repository environment will be reducing. However, over a
period of not more than a few hundred years, the conditions may be mildly oxidizing due
to the presence of oxygen, which may trapped in the repository after closure (R&D,
Section 4.1.2).

Studsvik AB emphasizes that it is not only essential to determine that the repository en-
vironment will become reducing after a certain period of time, but that it is also essential
to be able to describe the change ;n the environment as a function of time and, especially,
its oxidizing capabilities. Studsvik maintains that this is important in order to be able to
assess the integrity of the canister with regard to local corrosion. Studsvik also advocates
that sufficient resources should be set aside for this.

The Geological Survey of Sweden states that it is perhaps less likely that the hydraulic
conditions, redox conditions and chemical composition of the groundwater in the bedrock
would remain stable around a repository for hundreds of thousands of years with re-
peated, extensive glaciations. The Geological Survey believes that there is a need for ex-
tensive modelling with regard to this issue. Furthermore, the Geological Survey is con-
cerned that the uncertainty associated with the prediction of the behaviour of the geologi-
cal barrier for the long-term will continue to be considerable and, therefore, emphasizes
the importance of manufacturing repository canisters of highly corrosion-resistant ma-
terials.

The corrosion of a canister is primarily dependent upon the environment and the material,
as well as - with regard to stress corrosion - the mechanical conditions which exist.
Furthermore, copper corrosion can develop in different ways depending on whether the
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environment is oxidizing or reducing as well as on whether the attack is local or uniform
over the entire surface.

An important question is how long it will take for any oxygen that is trapped inside the
repository after repository closure to be used up. In R&D 4.1.2, SKB states that "due to
reactions between oxygen and pyrite in the bentonite, the mildly oxidizing conditions that
can sustain pitting are limited to a duration of a few hundred years." Although this state-
ment is not supported by references, SKB has, in its report (Werme et al., 1992,
Appendix 1) provided an estimate of how long it could take before the remaining oxygen
is used up as a result of pyrite oxidation (bentonite contains iron sulphide) with the help
of certain microorganisms.

Although SKI has not carried out an in-depth analysis of the mechanisms for pyrite oxi-
dation and other processes which use oxygen, SKI considers that the kinetics of such
reactions in an engineered system are dependent on a number of parameters, which
means that such kinetics are often difficult to predict. Therefore, SKI considers SKB's
results to be qualitative and recommends SKB to attempt to quantitatively describe the
development of the oxygen concentration as a function of time after repository closure.
This analysis should also take into account any variations which may arise with regard to
the concentration of reducing substances and their oxidation properties. Any variations
that may occur in the near field chemistry should also be taken into consideration. The
possible role of the groundwater as a carrier of reducing species (especially divalent iron)
should also be considered.

Considerable volumes of water - in any case in comparison with the conditions which
exist after repository closure - can be expected to percolate through the rock while the re-
pository is open. This water will contain oxygen and its composition will also, in gen-
eral, deviate from the groundwater at greater depths. Thus the percolation water will react
with the fracture minerals in the rock and could, as a result of such reactions, lead to
changes in the groundwater composition, even after closure. Furthermore, the possibility
of a deterioration in the rock's redox buffering capacity cannot be excluded. The latter
factor could be of interest in connection with the assessment of canister corrosion, e.g. in
connection with any glacial water containing oxygen which reaches the canister. Issues
relating to this area are also discussed in Section 7.6.2

Other chemical changes may also affect the corrosion conditions as a result of changes in
the hydraulic conditions during a glaciation. It may, e.g. be of interest to study the
possibility of supplying deep water which a considerably higher concentration of salts
(and, thereby, more favourable properties for the formation of copper chloride com-
plexes). See Voss and Andersson (1992), Lagerblad (1993a) as well as Section 7.6.2.
Other possible variations could exist in the future repository environment which it would
be reasonable to consider in connection with work on corrosion. An important variation
is mentioned by SKB in R&D 5.3. Under certain conditions, the temperature gradient
over bentonite could result in salt enrichment on the copper surface. As was previously
mentioned, this promotes the formation of copper chloride complexes with high salt con-
centrations. However, this reaction requires access to a reducible species. However, with
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higher salt concentrations, species in the vicinity of the canister, with little capability to be
reduced could have greater importance.

It should be observed that the chemistry of the groundwater and the chemistry of the near
field are probably not only controlled by purely chemical processes, but are also affected
by microbial activity.

The long-term performance of the canister is to a large extent determined by the chemical
environment in the near field. Thus, SKI believes that it is very important to also identify
the effects of any changes in this environment as well as any uncertainty which is associ-
ated with the prediction. Thus, SKB should quantitatively describe the future environ-
ment of the canister as well as any changes which could occur in the environment. Such
knowledge should provide a basis for SKB's future work on the modelling of corrosion
processes etc.

Canister Surface

One parameter which is often a determining factor with regard to whether a corrosion
attack is local or evenly distributed, is any surface layer formation and the properties any
such layers can have. In addition, the composition and properties of a surface layer re
often not exclusively dependent on the environment which exists at that particular tiine,
but on the "history" of the surface.

Under oxidizing conditions, an "oxide-type" layer is formed on copper surfaces which
come into contact with groundwater. Under reducing conditions, a "sulphide-type" layer
is formed. Certain anions - e.g. hydroxide, chloride, sulphate and carbonate ions - may
occur in connection with oxide-type layers. The oxide layer is usually relatively dense
and electrically insulating or semi-conducting, while the sulphide layer is usually per-
meable, e.g. as regards the migration of copper ions, as well as electrically semi-conduc-
ting or conductive.

During its examination of SKB's RD&D Programme 92 and background reports, SKI
has not found any detailed description of the composition and properties of the surface
layers which can form on copper in the presence of groundwater. Therefore, SKB should
attempt to improve its basic understanding of such phenomena through studies of the
formation of possible types of layers on the copper surface, under different conditions.
Such studies also mean that SKB will have an opportunity to further analyze whether any
aspect of corrosion exists which has so far not been taken into account (e.g. if any phase
exists which has previously not been considered).

Pitting in Mildly Oxidizing Environments

SKB has stated (R&D, Section 4.1.2) that favourable conditions for pitting exist while
oxygen is still present in the repository. SKB has also assessed this effect on the basis of
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archeological samples, and intends to further develop its model for pitting over the next
few years.

While SKI has no objection to make to this plan, SKI advises SKB to bear in mind that
the pitting process may arise due to the properties of the surface layer (and its pre-history)
as well as due to the substances which are dissolved in the groundwater (e.g. sulphate,
carbonate and chloride).

Reactions with Reduced Sulphur

In this context, reduced sulphur primarily refers to sulphide, polysulphides and elemen-
tary sulphur.

As is described in R&D, Section 4.1.2, SKB has analyzed the possibilities of reactions
between copper and reduced sulphur which can be present in low concentrations in the
groundwater under reducing conditions. SKB has based its analysis on the fact that the
attack on the copper surface is controlled by the following assumptions:

- access to hydrogen sulphide ions in the water

- diffusion of hydrogen sulphide ions through bentonite

- the entire copper surface can be affected.

On the basis of these assumptions, SKB has reached the conclusion that any breach in
canister integrity as a result of this mechanism can only occur after more than some
millions of years.

SKI agrees with SKB in that the sequence described above appears to be the most likely.

However, the conditions for the transport of copper ions through the sulphide layer have
not been studied in detail by SKB. If the mobility of copper ions in any of the copper
sulphides which can be formed in the repository conditions were to be greater than that
for hydrogen sulphide ions through bentonite, it cannot be excluded that factors other
than those mentioned above will determine the rate of the corrosion attack. One possible
such mechanism (where copper diffuses through sulphide whiskers and thereby reaches
pyrite grains) is discussed by Hermansson et al. (1993).

It should be emphasized that SKI has no support for claiming that such a mechanism
would be dominant. Instead, what is remarkable, is that SKB's inventory of possible
mechanisms for local corrosion attack has not included any possibility of copper ion
transport through sulphide phases. SKB is, therefore, advised to supplement its cor-
rosion studies with regard to this point.
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Reduction of Sulphate Ions

SKB states that sulphidization of copper through reactions with sulphate ions and di-
valent iron is thermodynamically possible in the repository environment, but that the re-
action will be exceedingly slow for kinetic reasons. The reduction of sulphate ions
through the effect of microorganisms will also occur slowly, due to the fact that the rate
will be limited by the access to degradable organic matter which will only be present in
low concentrations.

The Swedish University of Agricultural Sciences considers it justifiable to prioritize in-
vestigations into how chemical changes caused by bacteria can affect canister corrosion.

The University of Uppsala states that SKB, in its detailed R&D programme as well as in
the main report, mentions that, in studies carried out after KBS-3, it has detected
microbes in the groundwater, including sulphate-reducing microorganisms. The possibil-
ity that the presence of sulphide in the groundwater would entail tangible corrosion risks
for copper emphasizes the importance of further investigation by SKB into bacterially in-
duced chemical processes in the bedrock.

Chalmers University of Technology emphasizes that copper can corrode without the
presence of oxygen if the environment is acid, if the chloride content is high and if an-
aerobic, sulphate-reducing bacteria are present. Chalmers states that many micro-or-
ganisms, although not all, are poisoned by copper. According to Chalmers, it is not clear
from SKB's background reports, to what extent this has been taken into consideration.
Chalmers also raises the question of whether corrosion attack is limited by the presence
of organic matter. If this question has not yet been investigated, this must be done, since,
according to Chalmers, it may prove that the risk of bacterial corrosion is negligible with
the pH value which will exist.

SKI finds SKB's conclusions reasonable, but supports, at the same time, the reviewing
bodies' views that further work may be warranted.

In SKB's background reports, e.g. (Werme et al., 1992) and (SKB, 1983), it is assumed
- probably conservatively - that, with the help of sulphate-reducing bacteria, sulphate ions
can react with all the organic matter in the groundwater and form sulphide ions. This as-
sumption is called into question, to a certain extent, in other SKB reports. On the one
hand, it is stated in (Pedersen, 1990, Section 4.1.6) - at least for the cases where the con-
centrations of organic matter are low - that most of this consists of relatively high mol-
ecular f ' - 'c acids which it is difficult for sulphate-reducing bacteria to break down. On
the other hand, it is asserted (Pedersen et al., 1991, Section 4.4.1) that additional organ-
ically decomposable material must be present, in order to explain the fast growth ob-
served in the bacteria.

Furthermore, it is assumed - perhaps optimistically -that the corrosion attack on the canis-
ter is not localized. In Pedersen et al. (1991), Section 4.7, it is evident that the bacteria
mainly occur in the form of biofilms and only occur, to a certain extent, freely floating in
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the groundwater. If such biofilms are formed as colonies, this could lead to a change in
the local chemistry and thus, possibly, to a local corrosion attack on the copper canister.

In SKI's view, a model of how sulphate reduction occurs should also take into con-
sideration purely geochemical phenomena. The concentrations of reduced sulphur
measured today are very low, which, in principle, could be due to the fast binding of any
newly formed sulphide in a solid phase. Otherwise, the measured low concentrations
would indicate that the sulphate reduction is insignificant and does not present a problem.

In the light of the above, SKI recommends that SKB should compile a state of the art re-
port concerning the conditions for bacterially induced sulphate reduction and the local
corrosion of copper.

Stress Corrosion

SKB maintains (R&D, Section 4.1.2) that although stress corrosion cracking is judged to
be very unlikely, it will be further investigated in connection with the detailed specifica-
tion of the canister design and when the stresses occurring in the canister in different
scenarios are better understood.

Some of the reviewing bodies have put forward views on stress corrosion:

The University of Uppsala states that mechanical deformation of the canister could lead to
stress corrosion cracking and, therefore, considers the farther research work planned by
SKB to be warranted.

The National Testing Institute shares SKB's view that stress corrosion cracking is an area
which needs to be studied in greater depth.
The Royal Institute of Technology refers to the fact that representatives of the Institute
have participated in the expert group on the mechanical integrity of the canister which
SKB refers to in RD&D Programme 92. Within the expert group, greater emphasis was
placed on the inadequacy of the knowledge of stress corrosion in copper than in SKB's
programme. The expert group recommends measurements on crack extension rates in
order to obtain data which are more suitable for extrapolation to other times and loads
than those which are used in connection with testing. Furthermore, the group observed a
previously unknown (or previously unidentified) mechanism for stress corrosion. This
could be relevant to pure copper and, possibly, also in connection with low corrosion
attack rates. According to the Institute, investigations of these problems should, there-
fore, be prioritized.

SKI shares SKB's view that stress corrosion in copper canisters in the repository en-
vironment appears to be an improbable process. At the same time, SKI finds that further
studies are warranted. Stress corrosion can occur in a "treacherous" way, whereby the
phenomenon usually only manifests itself after a certain, often long, initiating period as
well as only in connection with certain combinations of materials, mechanical stresses
and environments. SKI, therefore, recommends SKB to take into particular consideration
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the need for predictions concerning the canister's ability to withstand stress corrosion
cracking over a long period of time and in different environments.

7.3.4 Corrosion-related Issues - Steel and Lead

Corrosion in the Steel Canister in connection with Damage to the Copper
Canister

SKB states, in RD&D Section 4.3.1, that the corrosion process which would occur in the
steel canister in connection with damage to the copper canister has been inadequately in-
vestigated.

The Royal Institute of Technology and the University of Stockholm have, in their replies,
raised the issue of corrosion of the steel canister after the copper canister has been dam-
aged. They state that this corrosion could occur relatively quickly and that, perhaps, it
might result in damage to the copper canister.

SKI is of the opinion that the corrosion of the steel canister in connection with damage to
the copper canister must be studied. SKI views this as particularly important in the light
of the consequence of early canister damage, such as manufacturing defects. The process
after a first (initial) defect would probably occur more quickly and would probably be dif-
ferent from that which is predicted for the copper/lead canister in SKB 91.

Other Corrosion~related Issues

SKB plans, in accordance with R&D Section 4.3.1, to carry out further investigations
into the risk of radiolytically induced stress corrosion on the inside of the steel canister.

Furthermore, it is evident from R&D Section 2.4.3 that the performance of the lead-filled
canister as a barrier has been so far neglected in spite of the possibility that it may have a
considerable positive effect, especially in connection with early canister damage.
Therefore, according to SKB, further studies will be carried out.

SKI approves of the work planned by SKB.

7.3.5 Mechanical Aspects

Creep Deformation of the Copper Canister

In R&D Section 4.1.3, SKB summarizes the results which have been obtained so far, as
well as the conclusions which have been reached concerning the mechanical properties of
the canister.

SKB observes that, during the course of the work, it has been found that pure, oxygen-
free copper has unacceptably low creep ductility at high temperatures. In the light of these
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results, SKB's expert group (Nilsson, 1992) has determined that pure, oxygen-free cop-
per is an unsuitable grade of material. At the same time, the group has recommended
further creep tests and creep relaxation tests to further verify the material properties for
the copper grades which are being considered, which do not show reduced creep duc-
tility.

SKB has also commissioned calculations of residual stresses after manufacturing. All the
residual stresses are reported to lie within the range between 50 and 100 MPa, and SKB
expects that a large part of these stresses will quickly become relaxed after manufacturing
as a result of creep deformation. SKB also states that the stress levels for all canister al-
ternatives studied are so low that there is no risk of creep rupture provided that a grade of
copper containing phosphorus is used.

No special plans are indicated for further work, besides the statement that SKB's work
will focus on establishing a suitable copper grade by 1996, with regard to creep proper-
ties and weldability.

The University of Uppsala underlines the importance of further investigation into the
mechanical properties of the copper material with regard to creep deformation and creep
rupture.

The issue of creep deformation deserves attention, because the effect often manifests it-
self after a long period of time during which the material is subjected to loads as well as
because the effect is highly dependent on the material used.
The kind of creep which can occur in a copper canister is dependent on a number of fac-
tors, e.g. raw material, canister design, manufacturing method, sealing method and ex-
ternal loads. After manufacturing and sealing, inherent stresses in the material will exist,
primarily in and around the welds, but even on the surface. Since the canister will be hot
as a result of the heat generated by the spent fuel - which in the interim storage facility for
canisters can result in a material temperature of about 150 °C - creep relaxation will occur,
i.e. the copper will deform and the stresses will be reduced.

How the rest of the process develops depends on a number of factors. For the cop-
per/steel canister, the stresses will probably depend on the size of the gap between the
copper and the steel, or on the friction between the canisters. Depending on which sur-
faces glide against each other, and which do not glide against each other, different stress
situations will emerge, which, in turn, can result in different creep processes. For the
copper/lead canister, any anisotropies in the swelling of the bentonite and the pressure
against the canister can lead to deformation of the lead. Different stress and deformation
states can arise in the copper canister in connection with this. The ability of the canister to
resist rock displacements is probably highly dependent upon the canister design and the
manufacturing method used.

SKB's conclusion that no risk for creep rupture exists (provided that the grade of copper
containing phosphorus is used) is based on calculations where the assumptions used are
that the same mechanisms will be dominant under repository conditions as under the ac-
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celerated testing conditions in the laboratory. In SKI's opinion further studies to investi-
gate and establish this mechanism should be carried out. Furthermore, it would appear to
be likely that additional factors of importance will be identified once the development
work on the design and manufacturing of the copper canister has advanced.

Durability of the Steel Canister

SKI assumes that SKB will use a well-tested grade of steel for which there is a compre-
hensive database concerning its properties.

The steel will be subjected to a relatively high level of gamma radiation. Such radiation
may result in embrittlement and may also raise the temperature for the transition from the
brittle (at low temperatures) and the more deformable (at room temperature and above)
area. Therefore, an estimate of the accumulated radiation dose to the steel should be pre-
sented.

SKI also wishes to remind SKB that it is important to determine, at an early stage, what
requirements on mechanical durability (e.g. due to ice pressure) will be made on the cop-
per/steel canister.

7.3.6 Overall Evaluation

SKI supports SKB's aim to develop a canister with a long lifetime and, at the same time,
indicates that this means that high demands should be made on the performance of the
canister.

SKI considers that SKB's view of the canister as the component in the final disposal
system which has the best possibilities of providing an absolute and long-term isolation
of radionuclides has not been adequately reflected in the distribution of research work
within the programme. The long-term time perspective means that the importance of less
likely processes must also be thoroughly investigated.

The long-term performance of the canister will be largely determined by the chemical en-
vironment of the near field. Thus, SKB should quantita'ively describe the future en-
vironment of the canister and its variations as well as the uncertainty which could occur in
the predictions.

The long-term performance of the canister is also determined by the kind of surface layer
that is formed on the canister. Thus, SKB should improve its basic understanding of how
this surface layer is formed and how it changes in different environments.

SKB can then use the knowledge acquired on the environment of the canister and the sur-
face layer in further studies on pitting in mildly oxidizing environments, reactions with
reduced sulphur and stress corrosion. The premises for different local corrosion mechan-
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isms must be systematically analyzed. SKB is also advised to compile a state of the art
report on the conditions for bacterially-induced sulphate reduction and local corrosion.

Although stress corrosion in copper canisters in the repository environment appears to be
an improbable process, it can occur in a "treacherous" way. SKB is, therefore, recom-
mended to take into consideration the need for and possibility of predicting the canister's
resistance to stress corrosion over a long period of time.

SKI supports SKB's studies of the corrosion of the steel canister, especially in the light
of the importance that si ~h corrosion can have for the consequence of postulated early
damage to a copper canister.

Creep deformation deserves attention, since this phenomenon often manifests itself after a
long period during which the material is subjected to loads, even low loads. The creep
phenomena which can be expected to arise in a copper canister depend on the material
selected and the canister design, the manufacturing process and repository loads. SKI
wishes to particularly stress the importance of SKB ensuring that extrapolations to long
time periods can be based on the same mechanisms which existed during accelerated
testing in the laboratory.

The risk of radiation-induced embrittlement of the steel canister should be taken into con-
sideration.

A general comment is that SKB, to a larger extent than before, should publish the results
it has obtained, at least in SKB's report series. This applies, in particular, to SKB's in-
vestigations concerning alternative canister materials.

7.4 BUFFER AND BACKFILL

SKB specifies the following main direction of work within this area:

- Characterization of bentonite-based materials as well as the development of models
for predicting the behaviour and performance of such materials in a repository.

- Large-scale experiments at the Äspö Hard Rock Laboratory with the aim of demon-
strating essential functions, e.g.:
• the possibility of salt enrichment on the canister surface
• spontaneous penetration into cracks
• gas percolation
• canister deformation
• physical and physical/chemical interaction between the buffers and the rock in the

near field

- materials models and calculational methods for mechanical processes etc.
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- characterization of bentonite and bentonite/ballast mixtures as a basis for calculations
and material selection.

The People's Campaign against Nuclear Power-Nuclear Weapons points out that SKB
states that cementation of bentonite occurs at certain temperatures. This jeopardizes the
capability of the bentonite to fill voids and mitigate rock movements and SKB does not
know whether such temperatures will occur in the repository. The People's Campaign
also mentions that SKB's researchers have observed that if the groundwater has a high
salt concentration, this can lead to salt enrichment in the vicinity of the canisters. The
conclusion which the People's Campaign draws from this, is that uncertainty exists re-
garding whether the bentonite layer will be able to completely surround and protect the
canister against water in the rock without damaging the canister through excessive
swelling.

SKI has commissioned a survey of SKB's work relating to bentonite. From the report
(Lagerblad, 1993b), SKI reaches the conclusion that the focus of SKB's programme on
the buffer has been appropriate. Furthermore, SKI does not have any objection to the
work planned by SKB. However, SKB is recommended to study the consequences to
the bentonite if iron is released in connection with the possible corrosion of the steel
canister. (The report states that, under certain conditions, iron can react with bentonite re-
sulting in a change in properties).

See Section 7.6.3 for a discussion of the transport of radionuclides in the buffer.

In SKB's RD&D Programme 92, SKI has not found any detailed description of the more
technical development work. Many unresolved questions remain regarding powder
handling, bentonite compaction to form blocks, backfilling of the tunnels and the sealing
of fracture zones.

Thus, SKI wishes to propose that SKB should determine, as soon as possible, the time
when such work should be started. This should be done in the light of the possibility that
long-term testing at the Äspö Hard Rock Laboratory may take considerably time (calendar
time). SKI recommends that SKB should, as soon as possible, supplement its pro-
gramme with a plan for how the technical development work concerning the buffer and
backfill will be conducted.

For comments concerning the powder conditioning facility, see Section 5.7.1.

7.5 GEOSCIENCE

SKI comments below on essential issues and work which SKB describes in Chapter 6 of
the background report "Detailed R&D Programme 1993-1998".
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7.5.1 General

SKB's description of the role of geoscience in the safety assessment as well as its de-
scription of the current state of knowledge and the direction of further work is of a high
standard. However, the programme description for the forthcoming period (1993-98)
does not specify what resources (in terms of time or cost), SKB plans to allocate to the
different parts of this activity. Therefore, it is difficult for SKI to judge whether the work
specified by SKB are sufficient. Thus, SKI can only comment on whether the pro-
gramme, from a qualitative standpoint, covers the needs and the gaps in knowledge
which have currently been identified.

It seems that SKB has made more progress in coordinating the different geosciences than
in previous R&D programmes. However, the integration which is necessary in prepara-
tion for the final assessment is lacking. In order to acquire an adequate understanding for
the properties of a site, SKB needs, from the very start, to coordinate work in different
subject areas and to take into consideration the requirements made by the safety assess-
ment (see Chapter 6). This should be reflected in the structure of the research pro-
gramme. The necessary links between different areas such as geology, chemistry, hydro-
logy and rock mechanics are not clear or are missing from SKB's description. SKI also
wishes to emphasize the importance of carrying out recurrent evaluations during the entire
period of time that a site is being investigated. This is an iterative process, where each
evaluation must precede and govern the experimental work carried out in the subsequent
phase of the investigation.

7.5.2 Introduction

A general description of the role of the rock in the deep repository is provided by SKB.
In SKB's view, any transport of radionuclides from the repository up to the biosphere,
will only occur via the groundwater. However, SKI considers that the question of
whether geogas can function as a carrier should be further investigated (see Section
7.6.3).

For the first time since KBS-3 was presented, SKB, in RD&D Programme 92 explicitly
mentions that it is considering locating the repository about 500 m below ground level.
On several occasions since the evaluation of KBS-3, SKI has emphasized the importance
of SKB investigating how the location of the repository at different depths will affect
safety. In SKI's view, no technical evidence yet exists which unambiguously shows that
a depth of 500 m is the most suitable depth for a repository. In SKI's view, RD&D
Programme 92 is lacking plans for a systematic investigation into alternative repository
depths and their importance to the safety of the repository. This is a deficiency, since
SKB has established the target that the design principle of the repository system must be
determined by 1995. In SKI's opinion, the repository depth must also be included in the
design principle. As an example of other questions relating to this issue, which need
further investigation, it can be mentioned that inadequate knowledge of the properties of
the rock mass at depths greater than about 800 m can make it difficult to evaluate the pro-
perties of the rock, even if 500 m is selected as the repository depth.
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In its reply, the University of Uppsala specifies the need for investigating the possibility
of locating a repository at considerably greater depths than 500 m on account of future
glaciations. The Swedish Society for the Conservation of Nature and the Society for the
Conservation of Nature. County of Bohus also put forward similar views and state that
the question of the repository depth has not been sufficiently investigatec. The Society
for the Conservation of Nature, County of Bohus maintains that knowledge is still
lacking as regards any advantages of locating a KBS-3 type repository at a depth of 750
or 1 500 m.

SKB considers mechanical protection, stable chemical environment and low groundwater
flow to be favourable properties of the rock. While SKI agrees with this, SKI wishes to
add that the retardation capability is also an important factor in this respect. SKB must
now show that the rock actually possesses the favourable properties that SKB wishes to
take advantage of. SKI - like SKB - considers that it is important to emphasize the im-
portance of the chemical environment since this will affect the canister integrity as well as
the transport properties of the rock.

SKB maintains that the groundwater chemistry is largely determined by the mineral com-
position of the rock, which is stable for long periods of time. SKI does not completely
share this view. For example, an investigation into the causal relationship between the
occurrence of salt water and freshwater still remains to be carried out. Furthermore, SKB
should also investigate the manner and the length of time that the actual construction of a
repository and its subsequent existence will affect the mineralogy and groundwater chem-
istry, see Section 7.6.2.

SKI agrees with SKB that different processes in the rock and their interaction must be
described. However, in the view of SKI, the possibility of doing this will, at the same
time, be restricted due to the difficulties of characterizing the rock. SKB's effort on ex-
amining the validity and limitations of different models, from a theoretical perspective as
well as through the analysis of field data, is important and must be judged as correct. In
this respect, SKI wishes to stress the importance of SKB evaluating the uncertainties in
the measurements carried out and in the resulting data in connection with the evaluation of
field data from different sites. SKB should take these uncertainties into consideration
when planning new site investigations.

7.5.3 Principles for Investigations in Crystalline Bedrock

SKB states that a repository for spent nuclear fuel makes high demands on the quanti-
fication of geological processes and a detailed description of the bedrock and its proper-
ties. The latter is necessary in order to be able to establish the variability of the rock pro-
perties. SKI considers that SKB has not, so far and not to a sufficient extent, taken ad-
vantage of the existing body of knowledge or analyzed all the existing data on the proper-
ties of the rock mass at different sites in the manner that is required for the siting of the
repository. The Geological Survey of Sweden also mentions this in its reply.
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SKB claims that the variation in the rock's hydraulic conductivity is less between dif-
ferent rock types than within the same rock type. This is of importance for the site selec-
tion as well as to determine which geological structures should be identified in connection
with site investigation. SKI does not exclude the possibility that this observation may be
correct. However, at the same time. SKI wonders whether SKB can adequately support
such a statement, e.g. through a statistical analysis of collected data. In SKI's view, such
a statistical evaluation would be of great value.

SKI shares SKB's view that rock investigations should be carried out in stages and that
an iterative approach should be adopted, with a successive scaling down in each stage.
SKB is aiming to narrow its investigations from a regional scale (1-10 km) to a detailed
scale for the near field (0-10 m). SKI wishes to point out that in order to acquire the
necessary' knowledge of the structural and bedrock geology, a considerably larger region
(>i00 km) must be included in the analysis and the evaluation of the rock mass which is
to host the repository. It is also essential to use the specialized knowledge and data which
are available in published form. In SKI's view, a basic understanding of the large-scale
contexts should mean that work on more detailed scales can be carried out in a more goal-
oriented manner and facilitate the interpretation and understanding of such parameters as
the geometry of aquifers and the groundwater chemistry. A condition for the successful
outcome of such a programme is that the investigations should be carried out in stages, in
the right order, from the large scale to the local scale, and with recurrent evaluations
during the entire period of investigation.

In its reply, the University of Gothenburg states that the site-specific properties of the
rock also have a regional context which should be established before the "site-specific"
properties are investigated. The University considers that these relationships have not
been taken into account, so far. The Geological Survey of Sweden states that an over-
view is lacking of the properties of different types of Swedish bedrock which are relevant
for the identification of suitable sites for a repository.

SKI wishes to emphasize that it is important that data should not just be collected - but
that they should also be analyzed. Alternative models should be formulated. When addi-
tional data are available, certain hypotheses may be rejected. It is probably better to for-
mulate several alternative (but not so detailed) models than to focus all one's efforts into a
single detailed model from the very start. It is difficult to show that such a model is cor-
rect unless several alternatives are taken into consideration from the very outset, and un-
less these alternatives can then be successively narrowed down. In SKI's view, such a
strategy should be clearly documented, so that outsiders can understand SKB's ap-
proach.

7.5,4 The Scope and Coordination of Geoscientific Activities

SKB emphasizes the importance of acquiring a broad base of knowledge within the dif-
ferent geoscientific disciplines. Although SKI agrees with this view, SKI believes that it
is also important to acquire more profound knowledge. Since strong links exist between
different disciplines it is of great importance to coordinate the activities.
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The coordination between the sitinj project, the Äspö project and the continued develop-
ment of safety assessments is particularly important. In SKI's view, SKB has made pro-
gress in this respect since R&D 89, although some work still needs to be done. This is
commented upon in Chapters 5 and 6. The University of Gothenburg has also indicated
the inadequate use of large and unique databases which have been collected by SKB. The
University considers that SKB should use these data to the fullest.

7.5.5 Overall Goals

SKB has presented an ambitious proposal for the geoscientific programme, with a well-
formulated overall goal. The development of measurement methods for the deep reposi-
tory is obviously important and should be given high priority. However, SKI wishes to
strongly emphasize that it is just as important to develop a strategy for admitting and
evaluating collected data with the use of qualified methods. SKI would like to see a con-
crete plan for this evaluation, which must also include an analysis of uncertainties (See
Section 7.8).

7.5.6 Groundwater Movements - Conceptual Modelling

SKI considers SKB's programme within the area of groundwater movements to be, on
the whole, well-structured and well-focussed towards resolving important questions. It is
satisfactory that attention has been given to the connection between SKB's different areas
of activities. For example, SKB has identified the connection between groundwater
movements and geochemistry. Geochemistry can provide support for the hydrological
evaluation, while an understanding of hydrology may be important to interpret ground-
water data. However, the connection between the different subject areas must also be
made in practice. The RD&D refers to different chapters which treat specific problems.
However, a concrete description of how SKB intends to achieve the necessary coordi-
nation and the integrated assessment is lacking. (See Section 7.6.2).
SKB presents a detailed list of goals for activities during the period of 1993-1998. These
goals involve a number of complicated issues. SKI shares SKB's view that a better basis
for conceptual models of groundwater and transport modelling must be developed.
However, in SKI's view, SKB should bear in mind the possibility that the ground-
water's preferential flowpaths may be correlated to a certain mineralogy/fracture mineral-
ogy. These relationships may be determining factors for the retardation capabilities of the
rock and SKB is, therefore, recommended to include in its programme a methodology for
assessing these relationships. Therefore, SKI finds that a plan is lacking for investigating
the surface areas which are wetted by the mobile groundwater as well as any correlation
between these wetted surfaces, the groundwater flow and the occurrence of different
fracture minerals. (However, SKB is planning studies of the wetted surface areas within
the Äspö project, see Section 8.6.

SKB has obtained important information on the disturbed zone, mainly within the Stripa
project, and to a certain extent in the Äspö project. However, further work is necessary.
(See Chapter 8).
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In RD&D Programme 92, SKB refers to laboratory-scale studies of free convection in
salt water. However, SKI wishes to point out that the fact that the groundwater is saline
does not necessary imply that it is stagnant. The Geological Survey of Sweden raises the
question of the depth at which saline groundwater occurs in different areas and states that
this could be of considerable importance in connection with site selection. The Geological
Survey reaches the conclusion that a great depth to saline groundwater could indicate a
relatively higher groundwater turnover whereas a smaller depth would indicate a lower
turnover. However, SKI wishes to point out that although high salt concentrations can
indicate low groundwater turnover, it can also indicate a higher turnover associated with
long flowpaths, see for example, Voss and Andersson (1992). SKB should investigate
the importance of this with regard to future work.

SKI notes that SKB has taken into account the importance of the regional groundwater
flow and now realizes that the local topography may have a low impact on the flow at re-
pository depth. It is important that this view should now be seriously reflected in, for ex-
ample, the deep repository project, and that SKB should carry out work to characterize
the groundwater flow on a regional and local scale. The deep borehole in Laxemar should
be able to contribute to improving the understanding of the regional flows and SKI sup-
ports this work. On the other hand, it is difficult to comment on whether a single deep
borehole is sufficient for the analyses that SKB should carry out, e.g to improve the
understanding of the regional hydrological and geochemical relationships in connection
with site characterization. Furthermore, it is important for SKB to invest certain resources
into identifying how sensitive the groundwater system is to regional/local disturbances.

SKB states that, in the long-term perspective from which the repository safety must be
assessed, climatic changes with ice-age scenarios must be considered. SKI shares this
view completely, and considers that the approach described, which has been developed in
conjunction with the Finnish nuclear power utility, TVO, could be a good starting point
for further work. In SKI's view, it is important that SKB has taken into account the
possibility that glaciation can mean more than the occurrence of ice loads, e.g. increased
groundwater pressure and chemical changes. It is also important to acquire a sound
knowledge of the time and event sequences during a climatic cycle. SKI believes that
paleohydrological data can also contribute to obtaining further insight into possible future
event sequences. SKB plans to carry out work in this area, but does not clearly specify,
in the programme, the level of ambition or purpose it intends to achieve. SKI is looking
forward, with interest, to seeing a clearer description of how SKB plans to apply paleo-
hydrological data to different concrete cases.

SKB mentions that a classification system has been developed in order to enable an
overall evaluation of an area for a radioactive repository to be made from the standpoint
of hydrogeology. SKI is dubious as to the value of a standardized classification system
as a practical means of specifying and evaluating the uncertainties regarding the hydro-
logical parameters in a pre-investigation. SKB should be very cautious in its conclusions.
In SKI's view, it is difficult to select and weight suitable parameters. Such an approach
could, instead, prevent the emergence of new ideas and the physical understanding of the
problems might run the risk of becoming lost. SKI would like to see an exhaustive
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evaluation of the advantages and disadvantages of the proposed approach before the
method is routinely applied.

In SKB's view, there is a great need to better understand the hydromechanical processes
in the rock mass as a whole as well as on a detailed scale. While SKI agrees with this,
SKI wishes to add that hydromechanical relations are difficult to deal with and that the
models now in use have not been adequately validated. However, it is reasonable to start
with laboratory-scale experiments. The material selected (rock or model material) for the
experiments is an important issue. If a model material is selected, SKI believes that it will
be difficult to transfer the results to real conditions. The numerical models should be used
for planning and evaluating experiments. However, in reality, the outcome will be
heavily dependent upon the geometry of the fracture surface and the appearance of the
fracture network. Block experiments in the field could be a better alternative and provide
more straightforward answers.

SKI wishes to emphasize the importance of SKB's view that a considerable need exists
for understanding the dependency of different measurement methods on scale, rock het-
erogeneity, measurement direction, the rock volume involved in the measurement, the
uncertainties which are related to the particular measurement method etc. This knowledge
is important for structuring and carrying out detailed characterizations in the siting pro-
gramme.

In addition, SKI wishes to point out that much work remains to be done with regard to
the analysis of collected hydrological data, for example, the application of all the data
collected from the long-term pump test (LPT2) at Äspö. SKB should formulate alterna-
tive interpretation models to test and use the information which is already available.

SKB specifies a number of factors which can affect the hydraulic properties of the rock
and which SKB intends to investigate. SKI agrees with this proposal, and notes that
SKB has taken into account the possibility of using fracture minerals in the tectonic ana-
lysis of an area, and of thereby, through indirect methods, showing changes in flows and
transport pathways (paleohydrological information). Furthermore, SKI considers that it
may prove valuable to integrate hydrological and geochemical data, e.g. through studies
of oxygen isotopes. However, the difficulties in connection with sampling should be
borne in mind (see Section 7.8). SKI considers it to be important that SKB should,
during the current period, not only compile the indirect data which are collected within the
programme but also actively apply these in future analysis work.

A good example of the fact that the coordination of different methods and subject areas
can lead to an improved understanding is SKB's comparative study of different methods
for age dating. Not only has this study resulted in a good understanding of the age of
certain rock movements but, in a wider perspective, this approach can also represent a
valuable contribution to a general understanding of earlier events. SKI will follow SKB's
activities within this area, with great interest.
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SKI supports SKB's plans to investigate transient effects in connection with earthquakes,
such as instantaneous changes in hydraulic pressure and any viscosity changes in the
bentonite buffer in the repository.

SKI assumes that discussions will be started between SKB and SKI to identify the re-
quirements which should be made on the planning and carrying out of site investigations.
In SKI's view, SKB should pay close attention to the sequence in which it intends to
carry out different investigations, so as to disturb as JittJe as possible, the conditions
which exist naturally (see Section 7.8).

SKI is dubious as to whether studies involving non-sorbing iracer elements alone will
improve current understanding. Through model calculations, SKB should determine
whether phenomena, such as channelling, can be evaluated with sufficient precision be-
fore taking the step to carry out experiments. SKI considers that it is very important to
integrate these activities with the activities in the area of chemical transport. In SKI's
view, the importance of dispersion must be studied in combination with sorption, other-
wise the results will not be of particular interest. Dispersion studies using a stochastic
continuum model must be carried out for high variance, i.e. considerable spatial hetero-
geneity. This view is supported by the fact that results from previous theoretical studies,
which were based on low variance, did not show any channel effects - such effects are
only noticeable with high variance. In SKI's opinion, SKB should study different
models of how highly conductive areas are united. Analyses carried out within
INTRAVAL Phase 2 could be used as a point of departure for such work.

In SKI's view, in connection with a safety assessment as with site characterization,
hydrogeologists should be able to contribute by formulating several alternative interpreta-
tion models. It is not convincing to just develop one model. The stochastic model used in
SKB 91 (based on a Gaussian stochastic continuum) is only one of several possible
approaches. Furthermore, several alternative interpretations exist within the framework of
a single model, e.g. with regard to correlation lengths, volume for mean value determina-
tion etc. Uncertainties in these parameters can be significant. These issues are also raised
in Chapter 6. In its evaluation of SKB 91 (SKI, 1992), SKI also discusses these prob-
lems.

SKB intends to investigate whether the fractal approach will facilitate the interpretation
and understanding of different rock type structures. SKI considers this as one of several
different possibilities, which, however, must all be based in a real understanding of a
site's properties on different scales. The fractal approach could then facilitate and struc-
ture subsequent analysis. It has long been established that properties which exist on a
certain scale are, in most cases, also found to exist on other scales, from the regional
scale to the microscale. However, this knowledge has not been applied to any great extent
in connection with site investigations for a repository.

Problems associated with scale dependence and the spatial variability of various proper-
ties of the bedrock will be central issues in the modelling work, according to SKB. SKI
considers this to be a very important area to which SKB should allocate resources,
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although the RD&D Programme 92 does not particularly clarify SKB's intended level of
ambition in the investigation of this important issue.

7.5.7 Stability of the Rock

SKB has formulated a number of goals within the area of rock stability. However, SKI
considers that the very important goal of improving the understanding of how the
mechanical stability of the repository can be predicted is lacking in this respect.
Nevertheless, SKB seems to have planned certain activities in this area.

SKB states that a large quantity of methods and data exist which, when integrated and
analyzed, can improve the understanding > the fracture system of the bedrock, rock
movements, paleostress field and the load situations which have affected the bedrock.
Howevt >KI considers the factors specified by SKB to be only a small selection of
possible .igrations. SKB itself has indicated (Smellie and Laaksoharju, 1992) the
possibilities that exist, through a muitidisciplinary and integrated approach, of attaining a
real understanding of a site - in this specific case, the hydrogeochemical conditions at
Äspö. I should be possible to use the same approach in connection with the analysis of
the stability of the rock.

SKB states that "if movements take place in the earth's crust in Sweden, they will accord-
ingly take place as reactivations in existing fracture zones or faults." SKI considers this to
be a simplified view of reality. This has not been shown to be clearly the case through the
investigations that SKB has carried out, including those conducted within the Lansjärvs
project (see below) or the study in northern Öland which SKB refers to.

In the study conducted in northern Öland (Milnes and Gee, 1992), the authors maintain
that the limitation of the size of the investigated area, in particular, has led to the situation
where no broad conclusions can be drawn with regard to the stability in this region of
Sweden. The differences in the complexity of the fracture system between the mainland
and Öland must be further investigated and explained. In order to link these areas to-
gether, knowledge of the rock mass and its structure must, therefore, be broadened to
include the seabed between the mainland and Öland. As far as SKI knows, no such work
has been carried out. The orientation of deformation structures is reflected in different
ways in different rock types. Structures in overlying sediment rock types may have other
characteristic properties than the corresponding structure in underlying crystalline rock
types. SKI advises SKB to exercise caution in making correlations between different
rock types with different properties.

The safety assessments which have been carried out, SKI Project 90 and SKB 91, both
show that the occurrence of sub-horizontal zones has a major effect on the groundwater's
flowpaths in a rock mass. Thus, it is very important to develop a methodology which will
allow for the identification and characterization of sub-horizontal zones. SKI wishes to
underline the importance of SKB, during the current programme, allocating resources for
studying how and why sub-horizontal zones arise. Sub-horizontal zones are often con-
sidered to be highly conductive and can short circuit or affect the driving forces which
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otherwise control the groundwater flow. Sub-horizontal zones often establish the bound-
ary conditions for models of the groundwater flow at great depths, which, according to
SKI, can, in certain cases, involve depths of 1500 m and more. The prediction of sub-
horizontal zones located at greater depths within a repository area requires adequate
knowledge of the distribution of zones within a larger region. (See Chapter 7.8).

In this respect, SKI wishes to emphasize that, in addition to reliable methods for deter-
mining the number and position of the zones, detailed investigations of the hydraulic and
transport properties of the large zones are required in order to conduct an adequate site
characterization.

SKI believes that it is also important to be able to characterize fractures in a better
manner, i.e. to be able to determine whether or not significant differences occur in pro-
perties for different fracture directions or fracture types. SKB 91 discusses different
fracture fabrics without showing in a satisfactory manner, with the support of data,
whether the different fabrics are significantly different from each other. It may be that
certain properties are more important in certain applications (geology, hydrology, chem-
istry and rock mechanics) than in others. For example, direction is of direct importance to
rock mechanics, since stresses and strains are dependent or direction. In other cases, it
may be more important to identify possible changes in transport pathways (e.g.
open/closed fractures due to dissolution/precipitation of fracture minerals). Depending on
mechanical disturbances and changes in the chemical environment in the rock mass
around a repository, transport pathways observed today will change with time. How, and
in what way, are factors which SKB must analyze and integrate into the assessment of
repository safety.

Adequate knowledge of which deformations and chemical conversions a rock mass has
undergone considerably facilitates the prognoses for how the properties of the rock sur-
rounding a repository will change in the future. This analysis is highly site-specific. In
SKI's view, the need exists for compiling and discussing the issues mentioned above in a
special investigation. One example of an issue which needs to be resolved is whether the
repository in itself represents a new area of weakness in the rock and whether, as a result
of this and in connection with a future ice-age, could cause new fractures or movements
to occur which could damage the canisters.

The Geological Survey of Sweden emphasizes the importance of, in some way, quan-
tifying the frequency of fractures and fracture systems in different rock types/complexes
and of qualitatively evaluating fractures. Chalmers University of Technology emphasizes
the importance of establishing that the rock properties are the controlling factor and not
the man-made cavity. This applies, in particular, to the water permeability of the rock.
The stability of a cavity is always a question of time. The design of the repository and the
properties of the buffer mass, should therefore, according to the University, be further
investigated before detailed modelling, based on the assumption that the tunnel and shaft
systems are mechanically inactive, is carried out.
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SKB refers to a study of stability in Finnsjön, taking into consideration an ice load and
simultaneous water pressure. SKI wishes to emphasize the fact that the analysis is not
generic, but site-specific and that it should not be over-interpreted. Under certain special
conditions, simple comprehensive calculations have shown that new fracturing can occur.
The relevance of the assumptions made in connection with these calculations must be
analyzed in greater detail. SKI is of the opinion that much research work still needs to be
done within the area. SKB should also be able to show that it masters the method of
identifying the critical zones where, in accordance with SKB's repository concept, it is
assumed no canister will be deposited. Plans for achieving this are described very
sketchily in the RD&D programme.

SKB is now conducting work within the area of neotectonics, land elevation and post-
glacial movements. Over a series of years, SKB has allocated resources for analyzing the
post-glacial faults in the Lansjärv area. In connection with its review of SKB's R&D
Programme 89, SKI made a series of comments on SKB's Lansjärv work. SKI can ob-
serve that questions remain which have not been satisfactorily answered. For example,
the mechanisms behind the fault movements and the extent of these mechanisms are less
known. SKB has only presented one possible explanation. SKI shares the Geological
Survey of Sweden's view that more research is needed to show what was specific to
these zones and what it was that caused these particular zones to be activated. In SKI's
view, more research should lead to a greater understanding of any appearance or occur-
rence of such structures in other regions in Sweden. Ongoing studies in Värmland and in
southeastern Sweden can lead to a greater understanding, as well as, in pa \icular, a
greater knowledge of the occurrence of such structures in other areas where they are not
as easy to identify.

The Geological Survey of Sweden underlines the importance of fault movements as of
other glaciation-related deformations, to the water-bearing capabilities of the rock. There
is good reason to believe that future glaciations will lead to changes in the movements and
properties of the water in certain areas of the rock. In the view of the Geological Survey,
this should be taken into consideration when the designs of the canister and repository are
determined.

SKI agrees with SKB that the seismic activity in the Baltic shield is mainly controlled by
plate tectonic processes and ongoing land elevation. In addition, SKB maintains that cer-
tain deviations in the stress field can be explained as the effect of glaciation-land elevation
processes at the same time that SKB refers to work carried out by Muir-Wood (in print).
The conclusions drawn in this report are currently being discussed in the research com-
munity. SKI is of the opinion that it is too early to draw any far-reathing conclusions
from this study. Further work is needed since an adequate understanding of the stress
situation in the rock is of major importance, not only from the standpoint of performance
and rock engineering, but also in connection with the assessment of certain of the reposi-
tory's long-term properties. Furthermore, with regard to the above-mentioned study, SKI
finds that the next natural step is missing, i.e. a description, based on knowledge ac-
quired, of how the different loads affect the rock mass which hosts a repository. SKI as-
sumes that SKB will carry out these necessary analyses.
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The National Defence Research Institute points out that the difference between the two
different models for explaining the seismicity (plate tectonics/land uplift) can lead to dif-
ferent conclusions on probable loads on the repository and on the criteria for site selec-
tion. The Institute considers that it is important for SKB to attempt to clarify these issues.
SKI agrees with this view.

SKB's plans to compile a study, where the risks for earthquakes are discussed and
evaluated, must be concretized. SKI is aware that a large number of investigations for
different purposes currently exist. At this point, it is important that the project which
SKB proposes should discuss, in a concrete manner, the risks associated with the reposi-
tory and its components, such as the effect of the earthquake on the bentonite, canisters,
groundwater flow etc. This is closely linked to the scenario analysis which must be
carried out within the framework of a safety assessment.

In the RD&D programme, SKB states that it is essential to investigate the uncertainties in
different methods for measuring rock stresses, e.g. with regard to the spatial variability
of various properties of the bedrock and the effect of microstructures. While SKI is in
complete agreement with SKB's view, SKI considers it to be equally important for SKB
to actually carry cut measurements at this stage, so that new, reliable, site-specific data
which characterize the stress situation of the rock at different depths can be obtained.
Rock mechanical data from possible repository depths are almost completely non-existent
at present. Although, individual measurements do exist, these are not sufficient to ex-
plain, for example, why the main stress direction in the granitic rock types in
Fennoscandia is abnormal. Measurement data which allow the size and direction of the
horizontal stress field and how this varies as a function of depth to be determined, are
more or less lacking at present. This is an important parameter with regard to a model
description of the rock mass. (See Section 7.8).

SKB also intends to attempt to find out whether time-dependent or rock type-dependent
stress distribution occurs and any causes of residual (remaining) stress patterns. SKI -
like the University of Uppsala - wishes to point out that there is a need for a further in-
vestigation of the stress field's distribution between different geological entities and their
horizontal and vertical distribution in the Fennoscandian bedrock.

In SKI's view, it is also important to conduct experimental studies of rock durability,
fracture durability and hydraulic connections, on the laboratory-scale as well as in situ.

In summary, SKI observes a great need for additional rock stress measurements at dif-
ferent depths and on all scales (global, regional, far field, near field) in order to be able to
arrive at a correct assessment of the mechanical state of the rock. Such measurements
must be given greater consideration in the plan. Furthermore, these measurements are
needed as input data for the model calculations which SKB intends to perform.

7.5.8 Climatic Changes

Adequate knowledge of future climatic changes is required to provide input data for the
different scenarios which must be analyzed in an assessment of repository safety.
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SKI does not consider that the current state of knowledge can allow the assumptions
made in the glaciation scenario presented by SKB (Ahlblom et a!., 1991) to apply without
reservations. According to SKB, the occurrence of ice-ages during the past 750 000
years completely follows the Milankovitch cycles. SKB has, therefore, based its prog-
noses of future ice-ages on an application of the Milankovitch theory in the ACLIN code
and Imbrie & Imbrie's models. SKI wishes to emphasize that the Milankovitch cycles
cannot always explain certain observed processes, e.g. the climatic change during the
younger Dryas (about 9000 BC). In SKI's view, in the different cases where SKB ap-
plies the theory, SKB should specify and discuss the applicability of the theory as well as
its deficiencies and associated uncertainties.

The importance of the Milankovitch theory to climatic changes has, for example, recently
been called into question by a group of American researchers (Winograd et al., 1992)
who maintain that climatic changes occur at random. Thus, several different hypotheses
exist regarding the mechanisms for climatic variations - which it has not yet been possible
to verify. In SKI's view, it is important for SKB to closely follow developments in this
area. It is of particular importance to improve the understanding of the rate at which cli-
mate can change. Above all, it is the transient stages which are of great importance to
how a repository is affected by climatic changes. In general, SKB describes different
types of work which all appear to be meaningful to study during the forthcoming pro-
gramme period.

The Society for the Conservation of Nature, County of Bohus would like SKB to explain
possible glaciation effects and their importance to the selection of a final disposal method.

SKB has developed a time-dependent model of the last glaciation in Scandinavia which
has been calibrated against locally observed data. SKI considers this to be an interesting
step towards achieving an understanding of how a future global climatic change can affect
local conditions. The data still have to be evaluated and analyzed in order to establish how
reliable and useful they are. The Geological Survey of Sweden states that knowledge of
the latest ice-age sequence is very inadequate and that only fragmentary traces exist from
earlier glaciations. This may mean that the locally observed data which are the input
values for the time-dependent model contain varying degrees of uncertainty. In SKI's
view, this means that SKB must clearly specify which input data the modelling is based
upon and which uncertainties are associated with these data.

7.5.9 Geohydrological and Rock Mechanical Calculational Models

An interesting and comprehensive programme within the area of model development is
being planned by SKB. However, SKI considers that a clear description of how SKB
intends to carry out the planned work is lacking. In addition, SKI wishes to strongly
emphasize that the development and application of calculational models is not an activity
which is separate from the acquisition of basic knowledge. Models are a way of de-
scribing the knowledge which has been acquired. Thus, SKI is somewhat concerned that
SKB describes models separately and knowledge acquisition separately, since these two
activities are interconnected. SKB mentions that it is important to integrate and take into
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consideration general geological/geophysical information when determining the conduc-
tivity distribution of site-specific stochastic groundwater modelling. However, SKB does
not state that this should be an iterative process, where the results are applied to further
investigations. SKI wishes to underline the importance of bearing this in mind in connec-
tion with further work.

SKI agrees with SKB's description in RD&D 92 of the usefulness of the models.
However, SKI finds that an explicit statement by SKB is lacking, which would show
that SKB realizes that models can be a support, and in certain cases, a condition for
planning and following up an experimental programme. Parameters which can be
measured in the field (groundwater head, borehole chemistry, rock stresses at certain
points etc.) are very seldom the same parameters that need to be established (permeability
distribution, sorption parameters along the flowpath, durability of the rock mass etc.). In
most cases, the use of models is the only way of determining these parameters. With pre-
modelling, it is also possible to investigate whether proposed experiments or measure-
ments will allow the desired parameters to be established.

SKB has access to most of the proposed concepts for modelling groundwater flow in
rock, which is valuable. SKI also notes that SKB does not equate model concepts and
computer codes in this RD&D programme. The most important task within this forth-
coming period should not be to develop new conceptual models but to evaluate how dif-
ferent models relate to reality, i.e. validation.

SKB considers further development of methods for in-situ determination of hydraulic
conductivity to be important. SKI shares this view. However, the programme does not
specify how SKB intends to achieve this, in concrete terms. SKI will follow, with great
interest, SKB's simulations of future regional flow situations in the form of a totally
coupled model. If this is successful, SKB will have taken a significant step toward*
understanding how different processes interact.

SKB's plans to incorporate uncertainty analyses (sensitivity tests) into the rock mechan-
ical analysis are strongly supported. The contrast between the stochastic approach within
hydrogeology and the deterministic approach within rock mechanics is currently very
great. The same medium is involved in both cases, and the knowledge of rock durability,
fracture durability and stress distribution is, if anything, even less certain than the hydro-
logical parameters. Future, integrated work within the framework of the Äspö Hard Rock
Laboratory should promote mutual interaction between these areas and should contribute
to encouraging a common approach to be taken to the different areas. The ongoing
DECOVALEX project, which deals with the development and verification of coupled
thermo-hydro-mechanical models, is also expected to contribute to improving under-
standing and an international consensus on an approach to these problems.

The Royal Institute of Technology emphasizes the importance of the development and
application of mathematical models for the sensitivity analysis of groundwater and
species transport. These models are of major general interest in the analysis of different
kinds of "disturbances", i.e. uncertainties in input data for mathematical-physical models.
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The Institute also discusses the difficulties and deficiencies in the knowledge of modell-
ing relevant physical and chemical properties for a repository. The Institute would like to
see a common and well-structured mathematical-physical overall approach behind the
models used, and interprets the multitude of different models as an indication that SKB is
highly unsure as to how it should establish the parameters for the geological prediction
models. Furthermore, the Institute states that the lack of problem definitions makes it dif-
ficult to establish the relevance of the different model concepts as well as to which physi-
cal (chemical) processes, on which scales and on which criteria (it can/is possible that)
the different model concepts will be applied. The Institute raises a number of other issues
which must be resolved, e.g. how non-linear coupled processes are to be/can be studied
with the aid of a particular model concept.

7.5.10 Overall Evaluation

SKB's description of the role of geoscience in the safety assessment as well as its de-
scription of the current state of knowledge and the direction of further work is of a high
standard. However, the programme description for the forthcoming period (1993-98)
does not specify what resources (in terms of time or cost), SKB plans to allocate to the
different parts of this activity. Therefore, it is difficult for SKI to judge whether the
projects specified by SKB cover the issues which must be resolved. Thus, SKI can only
comment on whether the programme, from a qualitative standpoint, covers the needs and
the gaps in knowledge which have been identified, at present.

It seems that SKB has made more progress in coordinating the different geosciences than
in previous R&D programmes. However, the integration which must be achieved before
the ultimate assessment is lacking. In order to acquire an adequate understanding of the
properties of a site, SKB needs, from the very start, to coordinate work in different sub-
ject areas and to take into consideration the requirements made by the safety assessment
(see Chapter 6). This should be reflected in the structure of the research programme. The
necessary links between different areas such as geology, chemistry, hydrology and rock
mechanics are not clear or are lacking in SKB's description. SKI also wishes to empha-
size the importance of carrying out recurrent evaluations during the entire period of time
that a site is being investigated. This involves an iterative process, where each evaluation
must precede and govern the experimental work carried out in the subsequent phase of
the investigation.

Problems associated with scale dependence and the spatial variability of various proper-
ties of the bedrock will comprise central issues in the modelling work, according to SKB.
SKI considers this to be a very important area to which SKB should allocate resources,
although the RD&D Programme 92 does not particularly clarify SKB's intended level of
ambition in the investigation of this important issue.

SKI has identified a large number of important issues which it considers that SKB must
investigate during the forthcoming period. This summary only specifies a few important
examples of issues which have been identified within geology, hydrology, climatic
changes and rock mechanics.
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Geology

On several occasions since the evaluation of KBS-3, SKI has emphasized the importance
of SKB investigating how the location of the repository at different depths will affect
safety. In SKI's view, no technical evidence yet exists which unambiguously shows that
a depth of 500 m is the most suitable depth for a repository. In SKI's view, RD&D
Programme 92 is lacking plans for a systematic investigation into alternative repository
depths and their importance to the safety of the repository.

Hydrology

SKB presents a detailed list of goals for activities within the area of groundwater move-
ments during the period of 1993-1998. However, SKI would like to see an investigation
conducted into wetted surface areas and the correlation made between wetted surface
areas, groundwater flow and the pressure of fracture minerals. These relationships are
determining factors for assessing the capability of the rock to retard radionuclides and
SKB must include a methodology for assessing the significance of the relationships be-
tween these factors in its programme. In addition, SKI notes that SKB has considered the
importance of the regional groundwater flow and now considers that the local topography
can have very little impact on the flow at repository depth.

Climatic Changes

SKI does not consider that current knowledge is adequate to support the assumptions on
which SKB's glaciation scenario is based, without reservations. According to SKB, the
occurrence of ice ages during the past 750 000 years completely follows the Milankovitch
cycles. However, certain observed climatic changes cannot be explained by this theory.
In SKI's view, SKB should clearly specify and discuss the applicability and deficiencies
of the theory as well as the uncertainties which exist in the different cases to which SKB
has applied the theory.

Rock Mechanics

In its plan, SKB states that it is essential to investigate the uncertainties in various
methods for rock stress measurements, e.g. as regards spatial variability and the impact
of micro structures. SKI is in complete agreement with SKB's view, but considers that it
is equally important that SKB should, at this point, actually carry out measurements, so
that new and reliable site-specific data which characterize the rock stress situation at dif-
ferent depths can be obtained. Only a few rock mechanical data from feasible repository
depths are currently available.
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7.6 CHEMISTRY

7.6.1 Introduction

Under the heading "Chemistry", the R&D programme deals separately with three areas
which should actually be arranged differently: "Groundwater and Geochemistry",
"Radionuclide Chemistry" and "Validation of Processes in Transport Models and
Radionuclide Migration". The first of these should, most appropriately, have been dealt
with under the heading "Geosciences" in Chapter 6. An entire chapter should have been
devoted to the second area, and the third should have been handled under the heading
"Safety Assessment" in Chapter 2. Further views on this are provided below. An overall
evaluation for each of the different areas is presented at the end of each separate section.

7.6.2 Groundwater and Geochemistry

SKB specifies the following goals for work within this area:

- to further refine knowledge of the area, especially with regard to the processes and
properties that are of importance to canister and buffer stability, fuel dissolution and
radionuclide migration in the safety assessment,

- to verify the geohydrological description of groundwater flow, both in the repository
area and regionally,

- to determine what chemical changes can be brought about by the repository and any
water entering it.

SKI considers that this provides a good view of the requirements which can be made on
the programme, in these respects.

The description of the current state of knowledge is largely based on a discussion of the
geochemical conditions at Äspö. Although this limitation is not justified in detail, SKB
states that a large part of the research work on the groundwater and geochemical con-
ditions are being carried out within the framework of the Äspö project. (Cf. Chapter 8).

A more generic survey of the state of the art and how the knowledge acquired is being
processed and applied within the safety assessment is lacking. In SKI's view, this also
reflects the fact that a closer integration of the geochemistry is desirable, both with regard
to other geosciences and the safety assessment.

A correct interpretation of groundwater analyses and mineral data from a site is necessary
in order to describe ongoing geochemical processes and conditions. These studies,
including measurements of stable isotopes and carbon-14, will also provide information
on the origin and age of the water. Altogether, this information will be helpful in con-
firming a geohydrological description of the site and in predicting which disturbances in
the system can occur, e.g. in connection with an ice-age.
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SKI considers that SKBs work within this area has the correct emphasis, but that the
focus on issues of importance to safety assessment would have been better portrayed in
the programme description. In the forthcoming programme, SKB intends to use type and
quality classification as well as statistical methods (multivariate analysis) to process
groundwater data and to make it easier to achieve a uniform evaluation. However, SKI
wishes to underline the importance of integrating this work with the hydrological evalu-
ation of a site. The interpretation of data from Äspö, Finnsjön and Stnpa, in order to
identify the importance of regional groundwater flows, is also included in SKB's pro-
gramme as well as further studies of the effects of acidification.

Equipment for in-situ measurement of stagnant groundwater is being developed. SKI is
looking forward to the results of such measurements with interest, since they should
provide information on equilibrium conditions and kinetic effects, which are difficult to
study with the methods currently in use.

During the previous period, SKB has commissioned an investigation into the distribution
of uranium and earth elements between fracture minerals and the groundwater. In the
forthcoming programme, SKB intends to process the material further in order to deter-
mine in what form these substances occur in the solid phase. Distribution factors must
also be determined as a means of comparison. In SKI's view, such studies are important
to establish the usefulness of the "K<j concept" in connection with radionuclide migration
modelling. However, work in this area may need to be supported by a corresponding de-
velopment of models.

The redox conditions in the rock and in the groundwater are of major importance to the
safety of a repository. Through its redox buffer capacity, the rock contributes to preven-
ting oxygen from penetrating into the repository and contributing to canister and spent
fuel corrosion. Furthermore, the reducing conditions of the rock are an important con-
dition for the efficient retention of certain radionuclides, especially neptunium and tech-
netium. These conditions were taken into consideration by SKB in its programme, from
the very start, and will also be investigated in the forthcoming period. It is of particular
importance in this context, to determine the capabilities of the rock to maintain a reducing
environment at repository depth even after disturbances in connection with the deposition
of the spent fuel as well as external events such as glaciations. Detailed studies of this
type have already been started at Äspö and will continue during the next period. The rapid
water flow from the surface down into the excavated parts of the Äspö Hard Rock
Laboratory means that water containing oxygen can be measured at deep levels and,
thereby, provide information on such parameters as the available amount of reducing
minerals in fractures and in the rock matrix. SKI wishes to emphasize the value of these
studies and the fact that they allow several of the more important issues to be treated
simultaneously. Such issues include: redox reactions, weathering, matrix diffusion and
channelling.

SKB has also participated in laboratory experiments to determine the redox capacity of
the rock. However, SKI wonders whether the experimental conditions with a very high
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oxygen partial pressure (10 MPa) can be translated to the conditions of a repository
without reservations.

SINTAB/BERGAB considers that SKB, in certain respects, has a somewhat dogmatic
attitude to the genesis of the crystalline groundwater. The consultant also recommends
that considerable efforts should be made to improve analyses and interpretations of
chemical data, which may be of great value when establishing and validating geohydro-
logical conceptual models. On a more detailed level, SINTAB/BERGAB criticizes certain
of SKB's claims as not having been verified. For example:

- that salt water is indicative of the presence of stagnant water

- that the i &O content determines the age of the water

- that the concentration of 34s indicates that the water at Äspö is marine in origin,
evaporative and organic.

Apted (1993) and Chapman et al. (1993) criticize the assumption that the rock would be
able to function as a redox buffer under all possible scenarios, especially with regard to
the disturbances that the repository is subjected to during its service life. They also point
out that computer codes based on equilibrium models cannot be used to describe the de-
velopment of the near field chemistry in these respects. Furthermore, Apted and
Chapman indicate deficiencies in the ability to predict, in a justifiable manner, the future
composition of the groundwater which can react with the canister and other barriers.

In the view of Hermansson et al. (1993), if concrete is to be used in the repository, the
consequences of this must be investigated and included in the calculations for the
groundwater chemistry. The effect that concrete can have on the redox conditions must
also be investigated. The bentonite may become damaged on close contact with cement
products. A detailed investigation should also be conducted into how far the chemical
effect extends and what effect this has on fracture minerals and how their sorption capa-
bilities are changed. Hermansson also emphasizes the importance of identifying the
chemical disturbances in the rock while the repository is open. For example, a large
amount of oxidizing minerals can be formed, which could function as an electron sink in
connection with copper corrosion.

The Swedish Natural Science Research Council considers that an analysis is needed of
the consequences to the near field chemistry of the presence of cement/concrete, where
the water in the porosity has an initial pH value of above 13. The Council considers that it
cannot be excluded that cement could reduce the corrosion rate and the nuclide migration,
but that this must be better investigated. It is also important that the capability of the ben-
tonite to act as an elastic mechanical diffusion barrier is not tangibly affected when ben-
tonite comes into contact with degrading cement. In the view of the Council, many geo-
chemical issues (redox processes, salt water, mineral equilibria, colloids, organic sub-
stances and microbes) represent areas where knowledge is still inadequate. Therefore,
further studies are warranted ind are of general geoscientific interest.
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Overall Evaluation

In SKI's view, SKB's programme for groundwater and geochemistry encompasses most
of the important issues. However, the effect of concrete on the geochemistry is an area
that warrants further investigation. SKI also wishes to emphasize the importance of
firmly relating the work done in this area to the safety assessment and to other work
within geoscience. Important parts of the work are being carried out within the frame-
work of the Äspö project. SKI considers that this has advantages as well as disadvan-
tages. Naturally, the advantage is the possibility of utilizing the large quantities of con-
sistent and high quality data available within the Äspö project, and that the development
and change in the geochemistry, which can be expected in an open repository, can be
studied. The disadvantage is that the work can become too focussed on site characteri-
zation without due consideration being given to the other requirements of the safety as-
sessment. SKI assumes that SKB is aware of this.

7.6.3 Radionuclide Chemistry

SKB specifies the following goals for activities within this area:

- measurement and compilation of chemical data for solubility and inorganic speciation
of radionuclides within and outside the deep repository,

- determination of concentrations, stability and mobility of radionuclides in the form of
colloids, organic complexes and microbes,

- determination of the retention of the radionuclides in the rock and backfill material due
to sorption, co-precipitation and diffusion,

- determination of the influence of redox reactions, radiolysis and microbial processes.

SKI and SKB are in agreement about the fact that joint international work is necessary in
order to reach the first goal. For decades, Swedish research has occupied a strong posi-
tion within this area, which SKB has also made use of. Thermodynamic data for a series
of elements have been investigated and the databases have subsequently been improved
and supplemented. However, many elements of importance to safety have a complicated
chemistry, which complicates and delays the work. Such elements include uranium,
neptunium, plutonium, americium, protactinium, technetium, niobium and tin.

Results which have been obtained through SKB's more recent work and which are re-
ported in the R&D report include:

- determination of the solubility for uranium phosphate and technetium(IV)oxide,

- determination (new measurements) of the redox potential for the U(IV)/U(VI) pair,
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- determination of constants for the formation of hydroxide and carbonate complexes
for uranium and thorium by different methods (potentiometry, laser spectroscopy and
solvent extraction).

Investigations of neptunium and plutonium are in progress, partially in cooperation with
foreign institutions. SKB is also planning to study americium and phosphate complexes
of thorium and uranium in the forthcoming period.

SKI considers that the depth and breadth of the work described above are of a satisfac-
tory level and that the work is of a high scientific standard. In SKI's view, selenium
could be added to the list of elements which may require further study.

For about ten years, SKB has also been studying co-precipitation of radionuclides, which
is a mechanism which could help to lend realism to the calculation of radionuclide release
in the safety assessment. Adequate knowledge of this phenomenon is also required for
the interpretation of, e.g. natural analogues and certain sorption phenomena. In SKI's
view, it is positive that this area has also been included in SKB's plans.

A major project to compile thermodynamic data for elements which are of importance to
safety is in progress within OECD/NEA. SKB has supported this project from the very
start. SKI considers this work to be very important and would like more Swedish sup-
port to be given to it. Delays have arisen, largely due to a lack of funds. SKI is also con-
sidering supporting this project, as soon as suitable forms of financing become available.

The occurrence and properties of complexing agents (humic substances), colloidal par-
ticles and microbes in the groundwater have also been studied within the framework of
SKB's programme. The effect of these substances on radionuclide migration, and con-
sequently, their importance to safety, was evaluated by SKB prior to SKB 91. SKI
agrees with the conclusions which have so far been reached that these substances have a
limited effect on radionuclide migration. However, it is important for SKB to continue its
planned work. SKB should also follow up the experimental studies with theoretical work
and ensure that the safety assessment models and calculations are structured so that they
can take these phenomena into account.

Studies of radionuclide retention through sorption on different minerals and rock types as
well as diffusion studies are also described under this heading. SKB has commissioned a
survey of sorption data and experiments which have been conducted with the aim of ap-
plying more theoretically sound methods to describe sorption through the application of
surface complexation models. SKB intends to continue this work, mainly with the aim of
achieving a better understanding of the sorption processes and in order to predict what
could affect these processes. However, whether surface complexation can replace the Kd
concept in the safety assessment transport models is as yet uncertain. Nevertheless, the
effect of the heterogeneity of the rock is a question which needs to be examined in this
context. Otherwise, SKI has no objection to make to this part of SKB's project.
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For a long time, SKB has been conducting research into the diffusion of radionuclides in
bentonite and rock matrices. Much of this work can be described as pioneer efforts.
However, no concrete objectives have been described for the forthcoming programme,
although studies of concrete are mentioned as a possible area for further work. SKI con-
siders this to be warranted with regard to the fact that concrete has not previously been
discussed in connection with the nuclear fuel repository and with regard to the fact that
the repository for other waste will contain large quantities of this material.

However, SKI wishes to point out that the conceptual issues concerning diffusion in
bentonite have not yet been resolved. Recent research in the USA (Conca et al., 1993)
indicates that the previous interpretation of transient diffusion in bentonite is based on
erroneous assumptions. It is claimed that the new, proposed model can explain the occur-
rence of the phenomenon which was previously attributed to surface diffusion (which is
another unresolved question in this context). In SKI's view, this point of contention must
be resolved as soon as possible. It should be mentioned that the new results were pub-
lished so recently that SKB was unable to take them into account in its programme.

Further work on matrix diffusion and experiments to determine the wetted surface areas
(contact area between the mobile groundwater and fracture surfaces) can and should, in
SKI's view, be carried out within the framework of the Äspö project. Such work should
focus on the development of methods to determine site-specific values for these para-
meters.

SKB also describes experiments to reduce the diffusivity of certain radionuclides through
different additives to bentonite. Although the experiments have been largely successful,
SKI agrees with SKB that the value of this fact is debatable. It could be difficult to prove
that these additives would not have a negative, long-term impact on other properties of
the bentonite. This observation was made by SKI already in connection with the evalu-
ation of SKB R&D 89.

The Royal Institute of Technology notes that the chemical programme is progressing at a
satisfactory pace, and emphasizes the importance of SKB also including studies of the
effect of organic complexing agents, colloids and microbes on the dispersion processes.
However, the Institute finds that a discussion of the relative importance of different dis-
persion mechanisms, which would justify the distribution of research work, is lacking.

Chalmers University of Technology raises the question of whether or not organic com-
plexes, colloids and microbes are of great importance. These substances could lead to a
disturbing scenario, especially in combination with transport in fast "channels".
Therefore, the University finds it "somewhat disturbing" that SKB in the RD&D report
makes a general claim that these processes are not important to safety without specifying
any reference. The People's Campaign against Nuclear Power-Nuclear Weapons raises
this issue and comments that if radionuclides penetrate the canister and the buffer, rapid
transport via the groundwater in the rock to the biosphere cannot be ruled out. Chalmers
University of Technology also points out that the rock is highly heterogeneous, which
makes it difficult to achieve a deterministic description of radionuclide transport. Thus, it
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is unclear how the major uncertainties in the parameters, in time and space, are to be
treated.

The University of Stockholm considers that the issue of surface diffusion in the near field
and the geosphere is important for nuclide retardation and should be investigated. The
University also supports SKB's plans to intensify work within the areas of colloids,
organic complexes and microbes.

The Swedish Natural Science Research Council considers that it is of great importance to
be able to predict changes in the redox potential and the capability of the rock system to
maintain the redox-sensitive radionuclides in low oxidation numbers. Furthermore, in the
view of the Council, a general model description of tracer element flows through a hete-
rogeneous geological material cannot be carried out without reservations. Although the
use of the experimentally-based distribution data is a conservative method, it is important
for SKB to follow international developments within the area of surface complexation
models etc. In addition, the Council is of the opinion that rapid transport of nuclides in
the form of metal clusters in the gaseous phase ("geogas") should be identified (verified
or rejected).

Hermansson et al. (1993) states that the current occurrence of colloids is not an adequate
basis for judging this phenomenon. The repository itself could generate colloids, e.g.
from the bentonite. The concentration and transport capabilities of the colloids should
vary considerably in connection with an ice-age, especially if the repository is located at
levels which form a transition zone between fresh and salt water. Hermansson is also
cautious about using sorption data obtained through laboratory experiments. In reality,
mineral surfaces may be different than in an experiment, e.g. as a result of ageing phe-
nomena and bacterial coating. Hermansson also considers that the transport of radio-
nuclides in geogas is an issue which must be investigated as soon as possible.

Overall Evaluation

SKB's programme in the area of radionuclide chemistry is well-balanced and is pro-
gressing at an adequate rate. In addition, the work is firmly related to the geochemistry as
well as the safety assessment. SKI has no objection to the structure of the programme in
general. However, the question regarding which model for diffusion in bentonite is valid
must be resolved soon. The same applies to the issue of the effect of the rock's geo-
chemical heterogeneity in connection with nuclide transport and of the importance of the
geogas as a carrier of radioactive substances.

7.6.4 Validation of Processes in Transport Models and Radionuclide
Migration

General Comments

SKB states that the goal of this activity is to "achieve a better understanding of, and vali-
date, the models that are used to describe release, retention and dispersion of radio-
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nuclides from a repository." The validation is being carried out through laboratory tests,
in-situ tracer tests and through the study of natural analogues. Comments on the analogue
studies are provided in Section 7.7.

The concept of validation is a central point in a research programme of this kind as well
as in the assessment of the safety of a repository. In brief, validation refers to the
measures adopted to establish whether the models and other work applied to the safety
assessment are valid. The requirements made on validity relate, in particular, to the
necessary extrapolation in time and space. It must also be shown that the models which
are applied are valid for, e.g. a specific site and all important scenarios. However, in
certain cases, it may be sufficient to show that a selected model always yields conserva-
tive (pessimistic) results.

Consensus has been reached on the point that validation, in the absolute sense of the
term, is not possible. From a purely scientific point of view, it can only be shown that a
given model is invalid - not that it is valid in any absolute sense. Thus, in principle, it
could be said that a validation strategy involves carrying out a number of experiments and
studies with the aim of determining the limits of the applicability of the models.
However, it is often difficult to distinguish these studies from those which are only con-
ducted in order to investigate how a certain system behaves under given circumstances.
However, requirements must subsequently be made on a description of the validation
aspect of such studies. Such a description must lead to the conclusion that a model which
is used is sufficiently valid, or validated for the intended purpose. The description must
be systematic and based on complete scientific documentation.

A general discussion, in accordance with the above, of validation and what this implies is
lacking in SKB's programme, which is regrettable. Considerable resources have been in-
vested in carrying out validation studies as well as discussing how to handle this issue,
e.g. within the INTRAVAL project, managed by SKI. The time is now almost ripe to
start to apply the knowledge and experience which have been gained. However, neither
SKI nor any other authority has as yet issued any directives or general guidelines on how
validation must be described or evaluated. Work is, nevertheless, in progress, in the form
of joint work between SKI and the USNRC. The results should be available within about
a year.

Experimental Programmes

In its description of the current state of knowledge, SKB refers to INTRAVAL. The im-
portance of INTRAVAL in supporting the cooperation between experimentalists and
modelling theoreticians is underscored, as well as the important conclusion that experi-
ments on different scales and with different flows, concentrations etc. are necessary.
SKB is also contributing to Phase 2 of the project, where field tests from Stripa and
Finnsjön are included as test cases.

From its previous programmes, SKB also describes the field tests carried out at Stripa,
Finnsjön and within the pre-investigations at Äspö. In SKI's view, these tests have been
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carried out with great expertise and have made an important contribution to current
knowledge on groundwater flow in fractured rock. However, SKI does not consider that
these experiments have, to any great extent, contributed to a validation of the hydraulic
models. New aspects have emerged which it has not been possible to describe with the
existing models.

The forthcoming programme for validation is planned to be carried out within the frame-
work of the Äspö project. Thus, SKI has chosen to comment upon this part of the pro-
gramme in Chapter 8.

Overall Evaluation

SKB's account of current knowledge and the planned activities within the area of vali-
dation is not based on any systematic, and above all, critical examination and prioriti-
zation of the processes/models which must be validated. This is a deficiency which
makes this section of the programme very difficult to read, or rather, difficult to interpret.
It can also be suspected that the purpose of the work in this area is not clearly defined.

In its description in this section (R&D, Section 7.3), SKB only deals with the validation
of transport models, which may seem to be a serious limitation Validation is necessary
for all types of models which are used within safety assessment: hydrological, rock
mechanical, geochemical etc. However, SKB's validation work within these other areas
is only indirectly referred to in other sections of the R&D programme. Nevertheless, it is
important for SKB to coordinate its validation work in other areas besides transport
modelling.

SKI wishes to emphasize that SKB needs to develop a strategy for validation based on
the requirements of the safety assessment.

7.7 NATURAL ANALOGUES

7 . 7 . 1 General Comments on Natural Analogues

Studies of natural analogues are considered to be one of the most important methods of
validating concepts and models for the safety assessment of repositories for radioactive
waste. The objectives of such studies range from the detailed characterization of individ-
ual processes and phenomena on a small scale, to experiments to explain the development
of entire geological formations. Particularly with regard to the latter case, it is clear that
the analogue studies have many features in common with investigations of repository
sites. However, for the detailed studies, it may also be important to take the large-scale
context into consideration, so as to be able to use the results of the analogue studies in
order to achieve a better understanding of how a repository behaves and is affected over
long periods of time. A guiding principle is that the processes of planning and carrying
out the analogue studies must always be focussed on the phenomena which are relevant
from the standpoint of validation.



153

The primary use of natural analogues lies in the possibility of testing models, assump-
tions, data and other prerequisites for the safety assessment, on larger scale than is
otherwise possible in laboratory experiments or field tests. Such a validation of necessary
extrapolations is important for the credibility of the calculations performed in the safety
assessment. In addition to the larger spatial and temporal scales which natural analogues
involve, the analogues also often entail a greater degree of complexity. This makes it
possible to test, e.g. to what extent the neglecting of processes at lower levels is possible
without the use of a particular model leading to an underestimate of calculated conse-
quences. Investigations of analogues, in this respect, also automatically include an
evaluation of whether the methods and models used in safety assessment are adequate.

In order to correctly interpret and use a natural analogue, e.g. a deposit of naturally radio-
active elements, it is required that either the geological environment should be very simi-
lar to that of a repository, or that the results can be transferred to such an environment.
For example, such a transfer can be achieved by te'dng into consideration determining
differences in hydrological conditions. It should also be possible to reverse the question,
and to attempt, in the analogue study, to determine the conditions which have contributed
to the retention of the radionuclides over such long periods of time. To the extent that
these conditions agree with those which exist in a possible repository, the analogue will
serve to confirm that the dispersion of the nuclides in the repository will also be limited
during corresponding periods of time. Providing that the interpretation of natural ana-
logues is carried out in accordance with these principles, the argument will not hold that
their value as proof is limited in view of the fact that only a fraction of all possible ana-
logues have survived, while the radionuclides in the other ("negative") analogues have
already disappeared through dispersion.

There is another aspect of natural analogues which has only recently begun to be taken
into consideration. Extensive investigations of analogues are carried out in the form of
multidisciplinary research projects and often as joint international projects. Such projects
can, in themselves, make a contribution through the testing and evaluation of methods
used for site characterization. This applies to the measurement methods used for field
tests as well as to the methods for evaluating measured data. The integration achieved
within one project can, in turn, also be used for internal validation, i.e. an evaluation of
whether the results which have been achieved by different methods and models are com-
patible.

In order to draw benefit from analogue studies, an attempt must often be made to deter-
mine the external conditions (boundary and initial conditions) for (the geological) devel-
opment of the analogue. For example, knowledge may be needed of how long the dis-
persion of uranium and its daughter nuclides has been in progress and of what climatic
and hydrological (paleohydrological) conditions have taken place. The uncertainty in such
conditions may be great and different possibilities ("scenarios") may have to be tested.
Experience of methods to deduce the geological history of a site is also of value to in-
vestigations of sites for a repository. How a formation has been affected in the past can
be used to predict how it may be affected under similar conditions in the future. This
knowledge is also valuable in connection with the evaluation of a possible repository site.
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7.7.2 SKB's Involvement

Pogos de Caldas

The Pocos de Caldas project was completed during the last period of the programme. The
objects of study were two mineral deposits in the vicinity of the Brazilian town of Pocos
de Caldas: Morro do Ferro (thorium-lantanides) and Osamu Utsumi (a uranium mine).
The project was carried out between 1986-1990 under the management of SKB. Other
participants included the UK DoE, Nagra, the US DOE and a series of Brazilian organi-
zations.

The project involved the extensive characterization of the sites investigated, e.g. with re-
gard to general geology and geological history, geohydrology and geochemistry. The
work focussed on four areas of importance to safety:

- Tests of geochemical model calculations.

- Studies and modelling of processes in connection with a redox front.

- Investigations into particles and colloids and their role in connection with the trans-
port of radionuclides.

- Transport in connection with hydrothermal processes.

The last study on the list is of limited interest to Swedish conditions. The conclusions
drawn from the other studies include the following:

- The redox properties of the groundwater are adequately described by the model which
has been developed for Swedish conditions.

- Blind trials of geochemical calculations indicate that the solubility of interesting ele-
ments has not, in any case, been underestimated. However, one condition is that
solubility limiting phases must be chosen with care.

- It was possible to simulate the propagation of the redox front through calculations
which link chemistry and transport. The importance of channelling and matrix dif-
fusion was confirmed. Oxidized uranium precipitates when it reaches reducing con-
ditions in the rock.

- Co-precipitation (on the iron oxyhydroxide of the redox front) also leads to a sub-
stantial retardation of non-redox active elements at the redox front.

- Colloidal particles adsorb trace metals but do not contribute significantly to their
transport in rock.

- Microbes are important to chemical reactions.
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SKI agrees with SKB that the importance of iron for controlling the redox properties, and
the fact that the colloids did not appear to contribute to the transport should be among the
most important conclusions from the studies. However, in SKI's view, this conclusion
does not mean that the time has now come to abandon further investigation into the issue
of the role of the colloids. For this to be done, a better understanding must first be
achieved of the cases where colloids, in spite of everything would be important. This can
be done through model descriptions and further validation tests. Furthermore, in SKI's
view, Po^os de Caldas has confirmed the ability of trivalent iron to contribute to the
radionuclide retardation. Similar conclusions on the importance of iron oxide phases have
been drawn in connection with the Alligator Rivers Analogue Project in Australia. This
project is included in INTRAVAL and is, in addition, directly supported by SKI.

In SKI's view, what both of these analogue studies have in common is the fact that they
are major international and multidisciplinary projects from which important experience
and knowledge can also be acquired to carry out site investigations for a repository. The
following quotation from the final report of the Pogos de Caldas project is appropriate in
this context: "Perhaps one of the central lessons for site investigations is [thus] that it
takes time and patience to get at the answers, and the process cannot be rushed, no matter
how much effort is available at the outset. In the end, three years was barely adequate for
a major project of this kind, and a full site investigation will inevitably take still longer."

In summary, SKI considers that the Pocos de Caldas project is a good example of a suc-
cessful joint international project. The results which are directly applicable may appear to
be insignificant in relation to the work, but this is balanced by the improvement in the
general level of understanding achieved through the project. The benefit of having re-
searchers from different countries and disciplines working together with safety assess-
ment specialists in this way is incontestable. The project has also shown how important it
is that the planning of analogue studies should be conducted on the basis of concrete and
well-defined needs in the safety assessment and that a continuous feedback of experience
to the safety assessment should be maintained throughout the entire course of the study.

Cigar Lake

The analogue study at Cigar Lake in northern Saskatchewan, Canada, is being managed
by AECL. SKB joined the project in 1989. The analogue consists of an uranium ore
body, surrounded by clay, at a depth of 430 m in a sandstone formation. The similarities
between the analogue and a repository for spent nuclear fuel are striking. For example, a
clear redox front, formed through radiolysis, exists around the ore body, and many
radionuclides are continuously formed in measurable quantities (H-3, C-I4, Cl-36, Tc-
99, 1-129 and Pu-239). The programme is focussing on testing the following kinds of
models:

- Geochemical models for solubility and speciation.

- Radiolysis and fuel dissolution models.



156

- Transport modeis.

- Models for the effect of colloids, organic complexing agents and microbes on geo-
chemistry and transport.

As far as SKI can gather, the Cigar Lake project provides the best conditions, so far, for
achieving an integrated evaluation of a natural analogue. Good opportunities also exist for
using internal validation of concepts and models.

Other Analogue Studies

In addition to the Cigar Lake study, SKB is currently participating in tbf studies of the
natural reactors in Oklo, as well as in the Palmottu study in Finland, as server. The
Maqarin project in Jordan is of particular interest, since the geochemistry . :ig studied is
similar to that which will occur in a final repository with cement and bitumen. The
hyperalkaline groundwater and the mineral composition in Maqarin is being studied as an
analogue to concrete in a final repository.

Comments by the Reviewing Bodies

The Swedish Society for the Conservation of Nature is critical to SKB's reasoning re-
garding natural analogues. According to the Society, SKB's argument is based on a ref-
erence to the fact that traces exist of a few individual "nuclear reactors" which arose bil-
lions of years ago, thereby implying that the waste generated by the reactors currently in
use should remain at the site where it is deposited in the rock. In the view of the Society,
a question which determines the relevance of this reasoning is what part of the sponta-
neous reactors is intact and what percentage of the waste in these reactors has been dis-
persed around the earth. The Society is of the opinion that SKB should analyze this
question. The Society's chapter in the county of Bohus also supports this view.

7.7.3 Overall Evaluation

The work which SKB has carried out so far regarding the study of natural analogues is
commendable and, in SKI's view, should be pursued. The experience from large,
"interdisciplinary" projects, such as Poc.os de Caldas and Alligator Rivers, indicates the
importance of continuously focussing work on validation needs. Factors relating to safety
assessment, especially as regards model descriptions and possible differences in the geo-
chemical environment, must be taken into account from the very start when planning new
projects. From what SKI can understand, these viewpoints have also been subsequently
accorded greater importance, e.g. in connection with the investigation of Cigar Lake.

In its programme, SKB does not deal with the use of anthropogenous analogues, i.e. the
use of archaeological finds and other remains from human activity in the same way as the
natural analogues. SKI considers that these possibilities should not be forgotten. This is
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of particular importance to the study of processes which can occur in a repository for
low- and medium-level waste.

Further work on natural analogues should be planned on the basis of a broadly-structured
validation strategy.

7.8 METHODS AND INSTRUMENTS

7.8.1 Introduction

SKB states that the main goal of "Methods and Instruments" is to "ensure that suitable
measurement methods and equipment are available in order to be able to collect, with high
standards of quality and accuracy, the data required to characterize the rock volume(s)
that will be investigated for the purpose of constructing SKB's deep repository for long-
lived radioactive waste." Measurement methods and equipment should be so well-docu-
mented that a relevant evaluation of the quality of the measurement data can be made. In
order to achieve this goal, existing measurement methods must be critically examined and
supplemented, when necessary, and new developments, particularly of detailed investi-
gation methodology will be carried out.

Since the 1970's, SKB has been carrying out a comprehensive development of instru-
ments and methods to determine geological, hydrogeological, chemical and rock mechan-
ical parameters in crystalline bedrock. Investigation methodology has been developed and
tested in connection with site characterizations at about ten study sites in Sweden. Major
efforts have also been made in individual R&D projects, e.g. the international Stripa
project, the fracture zone project in Finnsjön, SFR and, most recently, in connection with
the ongoing Äspö project.

The goal and time-schedule for SKB's further method and instrument development work
are directly linked to the overall planning of the development work at the Äspö Hard
Rock Laboratory and within the rest of the geoscientific programme as well as to the
needs and temporal framework of the siting project. In the detailed R&D programme for
the 1993-1998 period (R&D Section 9), a brief description of the current state of know-
ledge and the need for supplementary method and instrument development is provided,
without any direct connection to the requirements and time-schedules which are made in
other parts of the RD&D programme. In order to obtain an overview of the need for
method and instrument development, the reader must come to his/her own conclusions on
the basis of the activities which have been planned for the Äspö Hard Rock Laboratory,
the siting project and the geoscientific programme.

In SKI's view, SKB must, in time for the pre-investigations and detailed characteri-
zations, describe concrete plans for how the investigations will be carried out and must
develop a basis on which the usefulness of the methods can be evaluated. SKI shares
SINTAB/BERGAB's view that the basis developed by SKB should be published, e.g. in
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SKB's technical report series, and be subjected to critical review before a costly investi-
gation programme is initiated. Important parts of such a basis are:

- an analysis of the needs for data and considerations on which SKB's selection of
measurement methods and priorities of method and instrument development is based
(this basis must be developed at an early stage in order to ensure that methods which
are used will provide adequate and relevant data for the construction of a deep reposi-
tory and an assessment of its performance)

- a systematic account of the precision, sources of error and uncertainties in interpreta-
tion for different methods, as well as a description of any further need for method de-
velopment (based on the evaluation of investigation methodology within the Äspö
project, the Stripa project, the study site investigations and international experience)

- a plan for how individual measurement methods will be integrated into a well-bal-
anced pre- and detailed investigation programme

- a description of the damage and disturbances to the rock which may arise as a result
of the investigations

- a description of expected results including a specification of important parameters
which cannot be measured or which are associated with considerable uncertainty in a
site investigation.

7.8.2 Time-schedule

According to the plans described in RD&D Programme 92, pre-investigations of two
candidate sites will be started in 1993 and continue until 1996. SKB has considerable ex-
perience with regard to pre-investigation methodology, i.e. investigations from the
ground surface and in boreholes. However, considerable work remains to be done to
verify and document the precision and relevance of the methods which have been devel-
oped in previous study site investigations and in the Äspö project. The general strategy
for this work is described in Bäckblom et al., 1990. However, a detailed plan of how this
method evaluation is to be carried out in practice, above all, with regard to the basis of the
evaluation and criteria, is not described in RD&D Programme 92. For this reason, SKI is
dubious as to the time-schedule described for the siting project with pre-investigations
starting as early as in 1993 (SIT, Section 6.3). SKI 'vjshes to emphasize that the pre-in-
vestigation methodology must be well-documented and evaluated in good time before
future site investigations.

Methods for detailed characterizations must be available and their efficiency must be
evaluated and documented before an application for a permit to conduct detailed charac-
terizations of a site is submitted, i.e. 1997, according to the plan for the siting project
(SIT, Section 6.3). A large part of the method and instrument development for detailed
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characterizations will be carried out during the construction and operating stage at the
Äspö Hard Rock Laboratory-.

Based on the comprehensive experiment programme which was reported in the back-
ground report on the Äspö Hard Rock Laboratory (Äspö, Appendix A), it would seem
that considerable method and instrument development work will be required over the next
five-year period. However, the description of the measurement and experimental pro-
gramme in the Äspö plan is general, which makes it difficult to determine whether
planned work within the Methods and Instrument project corresponds to the need for
methodology development. Thus, high priority should be given to the preparation of
more detailed descriptions of planned experiments and the required development of
methods and instruments. In order for new experiments to be carried out, instrumental
methods are required, and conversely, the possibility of carrying out planned experiments
is limited by the possibility of developing methodology and technical equipment in time.

7.8.3 Considerations and Priorities

With the transition to a concrete plan of action, with the siting of candidate sites, pre-in-
vestigations and the determination of detailed characterization methodology in the 1992
RD&D programme, greater demands are being made on goal orientation and the prioriti-
zation of SKB's method and instrument development. SKI considers that the selection of
measurement methods and the priontization of continued method and instrument devel-
opment must be based on the requirements made from the "orderers", the safety assess-
ment and the siting and construction of a deep repository, in order to ensure that
measurement methods which are selected are relevant and provide an adequate basis for
the assessment of a deep repository's performance and safety as well as for the feasibility
analysis and construction planning.

In SKI's view, obvious deficiencies can be found between, on the one hand, the need for
measurements and data which can be deduced from the geoscientific programme (R&D.
Chapter 6) as well as SKB's previous safety assessment work, and, on the other hand,
the actual priorities given in the plans for the development of different measurement
methods discribed in RD&D 92. The overall conclusion of SKB's safety assessment,
SKB 91 (SKB 91, 1992) is that the most important safety-related function of the rock is
to ensure long-term stable mechanical and geochemical conditions around the repository
so that the long-term performance of the engineered barriers is not jeopardized. The
rock's capability to retard and sorb radioactive substances is judged to be less important.
In spite of this, SKB is planning to invest considerable resources in the development of
methodology to determine the hydraulic and transport properties of the rock, above all,
within the comprehensive measurement and experimental programme at Äspö. On the
other hand, a programme for the development of rock stress measurements or other
methods of importance for making a site-specific evaluation of the stability of the rock is
not described. The same applies to the development of measurement methods for the de-
tection of sub-horizontal fracture zones, in spite of the fact that this is the only single rock
property which, in SKB 91, has been found to have a substantial effect on the safety-re-
lated performance of a repository. Furthermore, SKB states that the need exists for being
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able to measure the distribution of the groundwater head in deep boreholes in order to
better understand the regional groundwater system (R&D, Section 6.2.2) without dis-
cussing the possibilities of developing relevant measurement methods for this purpose.

However, the above criticism does not imply that SKI is questioning the need for method
development for characterizing the hydraulic and transport properties of the rock. Instead
it should be regarded as a recommendation to SKB to show the basis by which SKB
prioritizes different measurement methods.

7.8.4 Surface Investigations • Pre-investigation Methodology

General Comments

The purpose of a pre-investigation is to collect relevant information/dat on features and
properties of the rock which are importance to the analysis of the performance and safety
of a deep repository. The pre-investigation also provides information for making a prog-
nosis of feasibility and construction planning. In SKB's view, with certain exceptions,
measurement instruments and investigation methodology are currently available to carry
out a pre-investigation programme. The remaining work concerns evaluation and verifi-
cation as well as certain improvements of existing methodology. SKB states that there is
a need for further development within the following areas:

- passage of crushed zones with boreholes without affecting the hydraulic properties of
the zones

- development of drilling and measurement methods for deep boreholes (to a depth of 1
500 m)

- improved accuracy in the determination of measurement point locations in boreholes -
correlation between different borehole measurements

- development of borehole TV for determining fracture orientation

- methods for detecting horizontal fracture zones (seismics, VSP and radar)

- certain improvements of hydraulic test equipment

- certain improvements of SKB's mobile field laboratory (chemical probe).

SKI largely agrees with the need for furtiier method development which is specified by
SKB. However, as is indicated above, the development needs specified are not fully
covered by the plans for method and instrument development.

Most of the work on verifying pre-investigation methodology will be carried out within
the framework of the stage goals specified for the Äspö project (Äspö, Section 6.1.2) by
comparing the predictions made based on the surface and borehole investigations carried
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out with the observations and measurements made in connection with the construction of
the Äspö access tunnel. The work on validating predictions of geological conditions has
been initiated, to a certain extent (Stanfors et al., 1992 and Olsson, 1992). SKI's com-
ments on this work are provided in Section 8.3.3.
In Äspö, Section 5.4.1, SKI describes the validation process for the activities at the Äspö
Hard Rock Laboratory. However, the RD&D programme does not specify how the pro-
cess is to be applied in practice. Previously, and in other parts of this evaluation report,
SKI has emphasized that SKB must develop a well-structured validation strategy which
comprises the validation of uncertainties in measurements carried out and interpreted data
(see Sections 8.3.3 and 7.6.4). A critical question which must be resolved in time for the
site investigations, is whether the measurement methods and experiments used really do
provide information which is of importance to model predictions of the groundwater and
transport conditions which are, in turn, important for safe repository performance.

SKI also wishes to draw SKB's attention to the fact that the usefulness of different
measurement methods depends, to a certain extent, upon the site-specific, geological
conditions and the way in which the measurements are conducted. In addition, the use-
fulness of the geophysical measurements to Äspö is affected by the proximity to the many
power lines in the area. Therefore, it is very important to also take in to consideration ex-
perience from sites other than Äspö, including the sites previously studied by SKB, in
order to obtain a more general idea of the usefulness of different pre-investigation
methods.

In addition to the instrument development reported in the RD&D programme, SKB
should, to a greater extent, concentrate on developing and evaluating interpretation
methodology for different measurement methods. Several measurements, especially
hydraulic tests and geophysical measurements, provide no direct information on the
parameters of relevance for a performance assessment. In many cases, the precision of
the actual measurements is less important, when compared with the often uncertain as-
sumptions which must be made when evaluating these measurements. The evaluation of
single hole injection tests is an important example of a situation where simplified interpre-
tation models are routinely used by SKB without an adequate analysis of the assumptions
made. Another factor which is of great importance to the possibility of carrying out a
meaningful characterization of a site is how different measurement methods are integrated
into a measurement programme. Comments on this aspect are provided below.

Structure of the Measurement Programme

A pre-investigation programme includes the acquisition of data with the aid of several
methods, via measurements from the grour.c surface and from boreholes. In the section
on methods and instruments (RD&D Section 9.3), planned improvements and instrument
development for individual investigation methods are presented separately. However, an
account of how individual measurement methods will be integrated into a measurement
programme is lacking. In SKJ's view, this is, at least, of equal importance to the results
as the quality of the individual measurement methods. For example, this applies to the
way in which a borehole programme is structured on the basis of preliminary geological
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and geophysical data, the sequence between different measurements in the borehole as
well as the selection of test sections for interference tests and tracer tests.

It is especially important to coordinate different types of measurements so as to allow an
integrated evaluation of geological, hydrologicaJ and geochemical data to be carried out.
Groundwater sampling is one area where it should be possible to make considerable im-
provements with a better structured measurement programme. The pre-investigations at
Äspö have indicated that inadequate planning of the groundwater sampling programme
have led to problems in connection with the evaluation of the geochemical conditions at
the site (see also the section on hydrochemical measurements below).

In their evaluation, SKI's consultant, SINTAB/BERGAB, emphasizes that the danger
exists that the pre-investigations on the local scale will be excessively controlled by the
existing geological and tectonic conceptual models, which, according to the consultant,
has been the case with regard to Äspö. The consultant would like SKB to adopt a more
general approach in order to obtain the best possible geological and hydrogeological de-
scription of the investigated area. In SKJ's view, this is an interesting problem area
which should be taken into account by SKB in connection with the structuring of a pre-
investigation programme. There will always be a risk that deficiencies and misinterpreta-
tions in a conceptual model which is developed at an early stage may cause the rest of the
pre-investigation work to take the wrong direction. For example, it is not certain that the
most easily identified structures included in a conceptual model which is developed at an
early stage, such as large fracture zones, are the most important to characterize in order to
be able to describe the hydrological properties of the site. For example, in connection
with the investigations of the Gideå and Fjällveden study sites, it has emerged that certain
layers/dykes of granitic gneiss have a hydraulic conductivity which is as great, or greater
than the fracture zones which have been interpreted (Ahlbom et al., 1991a,b). Äspö is
another example where SKB, after the initial pre-investigations, observed that high water
flow is correlated to younger, fine-grained granites.

One important aspect which must be borne in mind when establishing a pre-investigation
programme, is to minimize damage to the rock and disturbances to the natural hydrogeo-
logical and geochemical conditions of the site. Such damage could otherwise make it dif-
ficult to evaluate the detailed characterizations or could negatively affect the barrier func-
tion of the rock. Opening boreholes and conducting different experiments, e.g. large-
scale pump tests, disturbs the natural hydraulic conditions and, thereby, the geochemical
conditions which exist at a site. Thus, SKI advises SKB to, in advance, estimate and as-
sess how different measurements in a pre-investigation programme will affect the proper-
ties of an investigation site. Pre-modelling is also an important tool in order to be able to
assess the benefit from and optimize the design of different experiments in a pre-inv *sti-
gation programme.

The overall strategy for setting up the pre-investigation programme is described in SIT
10. SKI's detailed comments on this point are provided in Chapter 5. At this point, SKI
wishes to add a few comments regarding measurement methods and the need for back-
ground data for the characterization of the region around a possible repository site. In SIT
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(Section 10.3.2), SKB states that the regional characterization will be based on methods
which are mainly applicable to superficially located rock masses (existing background
data, maps, aerial photographs, well data etc.). SKI questions whether this data will be
adequate for the establishment of a three-dimensional regional flow model which is rel-
evant to the conditions at repository depth. Furthermore, it is desirable to be able to vali-
date developed models against field data. Thus, SKI recommends SKB to investigate the
possibility of carrying out measurements deep in the rock already at the stage of regional
characterization, e.g. by including at least one borehole in these investigations. A deep
borehole would also be of value in recording how the subsequent local site investigations
affect the regional hydraulics, which can provide important information on hydrologic
boundary conditions.

Measurement Methods and Instruments for Investigations from the
Ground Surface

Measurements from the ground surface will be used at an early stage of site investigation
in order to develop a preliminary structural geological conceptual model on a regional
scale and on a repository scale. This will be an important basis for the structuring of the
borehole programme and planning of geohydrological measurements etc.

A large number of geological and geophysical measurement methods are currently avail-
able for surface investigations. Different types of maps and aerial photos provide a basis
for the identification and interpretation of tectonic structures such as faults and frac-
tures/fracture zones. In well-exposed areas, confirmation may be obtained through field
observations, e.g. rock surface mapping. In less well-exposed areas, and for the detec-
tion of structures located at greater depths, boreholes and indirect aerial and surface geo-
physical methods are used, e.g. electromagnetic and magnetic measurements as well as
ground radar and seismic investigations. However, considerable uncertainties exist with
regard to the interpretation methodology, especially for the geophysical methods. It is
often very difficult to link, with certainty, a geophysical anomaly to a geologically or
hy^raulically important structure. However, geophysical methods can provide valuable,
additional information. Thus, the development of interpretation methodology should be
accorded high priority in SKB's further research work.

SKB's procurement of the GIS computer-based information system, which enables
visualization and co-interpretation of topographical, geological and geophysical data to be
carried out, is a commendable initiative. However, SKI wishes to emphasize that
thorough control of the relevance (e.g. sources of error and the accuracy of geophysical
measurements) and the quality of data used is a prerequisite for this work to yield useful
results. This is also emphasized in the reply from the Geological Survey of Sweden and
in SINTAB/BERGAB's evaluation. SKI is positive to SKB planning supplementary field
measurements in those cases where the background data for the areas studied are outdated
or incomplete (SIT, Section 10.3.2).

SKI agrees with SKB with regard to the statement that large tectonic structures must be
identified at an early stage of a pre-investigation, before a drilling programme which re-
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quires considerable investment of resources is started. Large fracture zones are often
water-bearing and may also affect the stability conditions of the rock. The SKB 91 safety
assessment and the SKI Project 90 safety assessment have shown, in particular, that the
occurrence of large sub-horizontal fracture zones may have a major impact on the suit-
ability of a site for a repository and on the possibility of adapting the repository to the
local geological and hydrogeological conditions (SKB 91, 1992, SKI Project 90, 1991).
SKI shares SINTAB/BERGAB's view that work to detect sub-horizontal structures
should be initiated already at the time of the regional investigations, and transferred to the
local-scale investigations with a successive increase in the level of detail, and with verifi-
cation.

SKB considers that reflection seismics is the most promising measurement method for
detecting sub-horizontal fracture zones from the surface, but observes that the usefulness
of the method is limited by deficiencies in the technical equipment and uncertainties in the
interpretation methodology. In the light of this, it is remarkable that a programme for the
further development of this measurement method in RD&D Programme 92 is lacking. In
its reply, the University of Stockholm states that it would like to see a better description
of the development potential of the radar-based methods, and mentions the National
Defense Research Institute's CARABAS project (Coherent All RAdio BAnd Sensing)
as an alternative to traditional methods.

With regard to the great uncertainty associated with the ability of the geophysical methods
to detect important structures, SKI wishes to stress the necessity of verifying indications
of large structures with boreholes and independent measurement methods. One important
remaining task in connection with the evaluation of pre-investigation methods at Äspö is
the verification of the indications of sub-horizontal structures which have been obtained
through the reflection seismics measurements.

Drilling

SKB has developed the telescope-type drilling method to reduce contamination of the
fracture system of the surrounding rock by drilling water and drill cuttings. The drilling
water is marked with a trace element - uranine - in order to estimate how much drilling
water has penetrated the rock. However, the analyses of water samples at Äspö, have
shown that contamination by drilling water is still a problem. The reverse circulation
drilling method, developed by SKB, appears promising with regard to resolving this
problem. SKB should investigate the possibility of using this method to a greater extent
and at greater depths.

The characterization of rock, groundwater flow and groundwater chemistry at great
depths is of major importance for the development of a regional model for groundwater
flow. Thus, SKI is very positive towards SKB's plans to complete the drilling, by
autumn 1992, of a 1 700 m hole on Laxemar, in the vicinity of Äspö. SKI agrees entirely
with SKB that the drilling and subsequent investigations must be planned very carefully
in order to yield useful results. Above all, SKI advises SKB to immediately develop a
better strategy for the subsequent borehole investigations, in order to facilitate the evalu-
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ation of the geochemical conditions and in order to ensure that important information is
not lost (see the section on hydrochemical measurements below). Measurement equip-
ment may also need to be improved in order to cope with the higher pressure which
occurs at great depths. The results which are expected and the required method and in-
strument development should be specified before the measurement programme is carried
out.

It is positive that SKB is planning to develop methods for improving stability in con-
nection with the drilling through large crushed zones. The high ambition of being able to
stabilize the borehole without sealing the borehole walls, or without significantly affec-
ting the hydraulic properties of the borehole in any other way, appears to be well jus-
tified, bearing in mind the considerable need for data from hydraulically important zones.

Mapping of Drill Cores and Boreholes

The mapping of drill cores and boreholes provides detailed data on petrology, the location
and orientation of the fractures, joint filling mineralogy and other geological characteris-
tics. Such data are useful for the planning and integrated evaluation of geophysical
measurements, hydraulic tests and water analyses.

SKI is positive towards SKB developing methods for simultaneously interpreting geo-
logical drill core data and geophysical borehole data. However, in order to be able to co-
interpret different types of borehole data, an accurate determination of the position of
mapped structures as well as the position of different measurements is required.
However, existing methods for position determination do not permit mapped fractures
and other borehole measurements to be correlated with sufficient certainty. SKB realizes
this, and is investigating different methods in order to solve this problem. The method of
making marks in the borehole wall in order to correlate different measurements appears to
be very promising and should be further developed.

SKB has currently developed a borehole TV which can be used down to a depth of 1 000
m to determine the position and orientation of fractures. However, further development
of the image processing and method for determining the exact orientation of the fracture is
required in order to be able to use the method routinely. SKB maintains that it is suffi-
cient to determine absolute fracture orientation in a couple of strategically selected bore-
holes. The University of Gothenburg is dubious to this strategy and would like to see a
more efficient use of orientated fractures in connection with the evaluation of geophysical
logs and the characterization of water-bearing fractures. SKI agrees with this and con-
siders that detailed information on the geometry of fractures should be used to, e.g. for-
mulate alternative hypotheses of the permeability structure of the rock, for the evaluation
of injection tests. Data on fracture orientation should also be necessary to be able to ana-
lyze questions regarding the dependency of in-situ methods on scale, heterogeneity and
the direction of the measurements, as discussed in the geoscientific programme (R&D,
Section 6.2.3). SKI also wishes to emphasize that the orientation of the fractures is im-
portant to the rock mechanical evaluation, since stresses and strains are tensor quantities.



166

Geophysical Measurements in Boreholes

Geophysical borehole logging provides indirect information on the properties of the rock
mass in a limited area nearest to the borehole. Geophysical logs are also an important
basis for the selection of test sections for hydraulic tests (cross-hole tests) and tracer
tests. Methodology is currently available to routinely carry out geophysical borehole
logging in a pre-investigation programme. However, the ability to produce a large quan-
tity of measurement values does not necessarily mean that these values are relevant to a
description of the rock mass. SKB should carry out a systematic evaluation of the benefit
gained from different logging methods in order to be able to prioritize further develop-
ment work. Interpretation methodology is also an area with major development potential.
The interpretation methodology for several of the logging methods which are used were
originally developed for geological environments other than those of crystalline bedrock.
SKI supports SKB's goal of achieving a more systematic co-interpretation of different
logs, e.g. through :vltivariate analysis.

Radar-based methods have improved through the development of directional antennae
which make it possible to determine the direction of and distance to a structure from a
single-hole measurement. However, work remains to be carried out in order to better
understand which types of structures can and cannot be detected by radar technique. The
same comment applies to VSP (Vertical Seismic Profiling) which has been tested at
Äspö. As with all indirect methods, an integrated evaluation with independent measure-
ment methods is required in order to verify the usefulness of the methods.

Cross-hole investigations generally provide a better possibility of characterizing large
volumes of rock. The experience from the Stripa project has shown that an integrated
evaluation of cross-hole seismics, cross-hole radar and hydraulic interference tests, pro-
vide adequate possibilities of determining the location of the geological structures in a
relatively large rock volume. SKB should investigate the possibility of using these
methods, to a greater extent, in order to characterize large structures in a pre-investigation
programme.

Geohydrological Measurements in Boreholes

Hydraulic tests and measurements are used in a pre-investigation to estimate hydrological
parameters and to map the geometry of hydraulic structures. Measurement methods
include tests during drilling, test and cleanout pumping, flow meter logging, injection
tests and transient interference tests. SKB's multi-packered equipment enables ground-
water head measurements, water sampling, dilution measurements and tracer tests in dif-
ferent sections of a borehole to be carried out. The methods used are tried and tested and
SKB has considerable experience of managing technical equipment and carrying out
hydraulic measurements and tests. However, most hydraulic tests only provide indirect
information on relevant parameters, which means that measurement data cannot be used
without prior analysis. In addition, there is considerable uncertainty with regard to the re-
presentativity of different measurements, i.e. the rock volume which is covered by the
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measurements, scale dependency of the measurements and the effect of rock hetero-
geneity etc.

A recurring comment by SKI's consultants and the reviewing bodies is that the quality
control of injection test data, i.e. estimates of hydraulic conductivity and transmissivity
from Äspö, is deficient, especially with regard to uncertainties in the interpretation
models used (SINTAB/BERGAB, the Royal Institute of Technology). So far, evalu-
ations of injection tests (3 m- and 30 m-packered sections) have been routinely carried out
using traditional evaluation methods, Moyes formula for the injection phase and the
Cooper Jacob method for the recovery phase, without any deep analysis of uncertainties
in the conceptual assumptions.

Interpretation models used assume that the rock can be represented as a homogeneous,
porous medium and that injection tests generate a mainly two-dimensional radial flow
field. However, crystalline bedrock is a highly heterogeneous and complex medium
which means that these assumptions can be questioned. Analyses of injection tests within
the Stripa-project have, e.g. shown that different assumptions about flow geometry can
affect estimated transmissivities by several orders of magnitude (Doe and Geier, 1990).
Theoretical studies have also shown that the degree to which an injection test is represen-
tative is heavily dependent on the permeability conditions closest to the borehole (see e.g.
Moreno et al., 1990). In this context, the Royal Institute of Technology stresses that
SKB's methodology for scaling up (averaging formation) injection test data can lead to an
underestimate of the endurance and connectivity of highly conductive zones (see Follin
1991, 1992).

Although the above issues are dealt with, to a certain extent, in the geoscientific pro-
gramme (R&D Section 6.2.3), a concrete programme for what work will be carried out is
not presented. In SKI's view, SKB's further development work should focus, to a
greater extent, on improving evaluation methodology and strategies for carrying out
hydraulic tests.

Furthermore, several potential sources of error exist in measurement equipment and the
way in which injection tests are carried out at Äspö. Several injection tests show large
variations in groundwater head, non-steady state conditions during the 10-minute long
injection period, which is in conflict with the assumptions made in connection with the
evaluation. Lack of resolution in flow registration (Nilsson, 1990), storativity effects in
boreholes and test equipment as well as short circuiting effects are other factors which
can lead to a deterioration in the quality of estimated parameters. However, SKI wishes
to emphasize that may of these problems should, and can, be corrected for in connection
with the evaluation of the test results.

Bearing in mind the fact that SKB's stochastic groundwater flow model, HYDRASTAR,
is based on a geostatistical analysis of interpreted k values estimated from single-hole in-
jection tests (see SKB 91, 1992), it should be very important for SKB to investigate the
relevance of these data, e.g. by trying out alternative interpretation models which take
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into account the heterogeneity of the rock as well as by correcting for known sources of
error in measurement equipment and instrumentation.

Although interference tests, i.e. cross-hole tests, are relatively expensive, they provide
information on the properties of the rock mass and the properties of larger zones in a
considerably larger rock volume compared with single-hole tests. SKB has considerable
knowledge as regards methodology and how to conduct hydraulic interference tests in
crystalline bedrock. Hydraulic interference tests with SKB's multi-packer system have
been carried out at Äspö, mainly to determine the position and properties of large hydrau-
lic structures. At the end of the pre-investigation phase, a large-scale combined tracer and
pump test, LPT-2, was also carried out. SKI considers that SKB should allocate more
resources to the evaluation of these important data.

In the programme for the construction phase at Äspö (Äspö, Section 6.1.2), it is stated
that an international working group will be responsible for a large pan of the modelling
work. SKI wishes to emphasize the importance of SKB, in parallel with this activity, de-
veloping its own models and analysis tools. In connection with the evaluation of SKB 91
(SKI Evaluation of SKB 91), SKI stated that SKB should investigate the possibility of
using the interference tests in order to calibrate and validate the stochastic hydrology
model, HYDRASTAR. Evaluations of LPT-2 which have so far been carried out have
focussed on the most distinct pressure responses, which often represent large zones. This
means that important information on "the rock mass", which is the real barrier to radio-
nuclide transport, may be lost. In SKI's opinion, SKB should develop relevant interpre-
tation methodology which also enables analyses of the smaller, but significant, pressure
responses which have been observed in low-conductivity test sections in connection with
the interference tests.

SKI considers SKB's development of measurement methodology for the continuous
long-term monitoring of groundwater head in boreholes with multi-packer systems to be
satisfactory. Continuous groundwater head measurements provide important information
on the response from test pumping and other disturbances during different stages of a site
investigation.

It is positive that SKB, in the geoscientific programme, emphasizes the importance of
characterizing the regional groundwater system. In connection with previous reviews of
SKB's R&D programme (SKI, 1990) as well as in connection with the evaluation of
SKB 91, SKI emphasized that a good knowledge of regional driving forces is of great
importance to the understanding of the local hydrological properties of a site. SKB
mentions the possibility of measuring vertical pressure variations at great depths in bore-
holes. SKI considers that this type of data can provide important information for the con-
ceptualization of groundwater flow models and the evaluation of hydrological boundary
conditions and advises SKB to set up a programme to develop the required measurement
technology.

SKB should investigate the possibility of further developing the in-situ methods which
are available for the measurement of natural (undisturbed) groundwater flow.
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Measurements of natural flows in combination with groundwater sampling can, e.g.
contribute to a better understanding of the regional flow pattern and, thereby, increase the
possibility of interpreting hydraulic data on the local scale. The determination of flow
directions under natural conditions can also provide important information on gradient
directions in sections with small pressure differences and in the presence of salt water at
great depths. The dilution measurements at Äspö are a good example of such method de-
velopment. Spinner measurement (flow-meter logging) is another interesting method
which has been used within the Äspö project, although only in connection with pumping,
and which might be developed to determine natural flows in boreholes. The possibility of
carrying out cross-hole tracer tests under natural flow conditions is another method which
should be further investigated.

Tracer Tests

SKB's measurement instruments and other equipment, including multi-packer equip-
ment, for carrying out tracer tests is of a high international standard. However, SKI con-
siders that SKB should invest additional resources into developing test methodology and
methods for evaluation. An important part of this work consists of compiling data and
experience from the Stripa and Finnsjö project as well as of learning from international
experience within the area, e.g. within INTRAVAL.

Tracer tests are a relatively costly and resource-intensive stage in an investigation pro-
gramme, which places great demands on thorough test planning. Analyses within
INTRAVAL have shown that repeated test sequences with varying flows, distance,
directions and different tracer elements are necessary in order to be able to distinguish
between different transport mechanisms and to be able to distinguish between alternative
conceptual descriptions of the rock (see, e.g. INTRAVAL, 1993). Pre-modelling is an
important tool in connection with the planning and optimization of test strategy and ex-
perimental design, in order to ensure that results (breakthroughs) are obtained within
reasonable periods of time and that the experiment provides information on transport pro-
cesses and parameters of relevance to the safety assessment.

So far, one large-scale tracer test has been carried out at Äspö, in connection with the
long-term test pumping, LPT-2. SKB should have a good opportunity to further develop
test methodology and evaluation methods (see Chapter 8) in connection with the very ex-
tensive experimental programme for the operating phase at Äspö, which includes hydrau-
lic tests and tracer tests on different scales.

Hydrochemical Measurements

Hydrochemical measurements are of great importance to the description of the geochemi-
cal conditions at a site, and should, therefore be given particular attention in a site charac-
terization programme. Correct groundwater chemistry sampling can also provide indirect
information on flow paths and transport over large distances and long time periods. The
difficulty with the chemical analysis of groundwater lies, above all, with sampling. There
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is a considerable risk that the water will be contaminated through mixing with drilling
water and/or groundwater from higher levels.

SKB has further developed its advanced field laboratory for in-situ analyses of the
groundwater chemistry in boreholes. Pumps and chemical probes have been improved.
In addition, new drilling methods have been developed - telescope-type drilling and
reverse circulation drilling - in order to minimize contamination by the drilling water.
However, the results from the pre-investigations at Äspö show that the quality of
groundwater samples is still inadequate (Smellie and Laaksoharju, 1992). This is largely
due to poor coordination when planning groundwater sampling and other borehole activi-
ties. Pump tests, different kinds of loggings and hydraulic tests were carried out prior to
groundwater sampling, which made it difficult to evaluate the groundwater chemistry.

In its further development work, SKB must evaluate the experience gained from the Äspö
project and develop a better strategy and methodology for water sampling. SKB should
also investigate the possibility of sampling groundwater during drilling in a systematic
way. To the extent that disturbances from different borehole activities cannot be avoided,
the effects of such disturbances on the geochemical conditions must be evaluated and do-
cumented.

Rock Stress Measurements

The stress situation of the rock is an important parameter for the calculation of the stabi-
lity of the rock, stress displacements around tunnels and shafts as well as the effect of
rock stresses on the geohydrological parameters. The measurement methods used for in-
situ determination of rock stresses are the same as those presented in the previous R&D
programme, i.e. overcoring and hydraulic fracturing. The in-situ methods are associated
with great uncertainties as regards the representativity of the measurements and the effect
of microstructures, which is also acknowledged in the geoscientific programme.
However, no evaluation of SKB's further work within this area can be provided, since
no programme for the development of measurement and interpretation methodology is
provided in RD&D Programme 92. Bearing in mind that the most important safety-related
function of the rock, according to SKB, is to guarantee long-term stable conditions
around a repository, SKI strongly advises SKB to develop reliable measurement methods
to be able to make a site-specific evaluation of the stability of the rock. A sound know-
ledge of the stress situation of the rock is also necessary in order to adapt the design of
the repository in accordance with the principles described in SKB 91 (SKB 91, 1992).

7.8.5 Investigations from Tunnels and Shafts • Detailed Investigation
Methodology

General

Detailed investigation methodology comprises the measurements and experiments which
will be carried out from tunnels and shafts during Stage 2 of the siting project (SIT,



171

Section 9.3.2). The goal for the detailed characterizations is to ultimately confirm the
suitability or unsuitability of a site for a repository and to provide a basis for determining
the detailed design of the repository. The development of detailed characterization
methodology is described in the Äspö plan (Äspö, Section 2.3) under Stage Goal 2
"Finalize Detailed Characterization Methodology".

According to the plan, most of the method development will be carried out during the
construction stage of the Äspö Hard Rock Laboratory. However, this stage only covers
documentation and data collection during tunnel excavation, establishing experimental
areas for the experiments to be conducted during the operating phase as well as investi-
gations of factors relating to construction feasibility (Äspö, Section 6.1.2). Stage Goal 2
for the Äspö Hard Rock Laboratory is not mentioned in the description of the extensive
measurement and experimental programme for the operating phase (Äspö, Appendix A),
which, in SKI's view, presents an incorrect view of what is included in the concept of
detailed investigation methodology. The measurements and experiments which are
planned to test models for groundwater flow and radionuclide transport, e.g. hydraulic
tests and tracer tests on different scales, should, in actual fact, comprise an essential part
of the detailed investigation methodology which will be needed to confirm the suitability
of a site for the construction of a repository.

The extensive experimental programme of the operating phase will, in SKI's view, pro-
vide a good opportunity to obtain a better understanding of important parameters and pro-
cesses in crystalline bedrock. However, since the results will be largely site-specific, they
cannot be directly transferred to other sites. Thus, SKI considers that an overall goal for
the operating phase should be to develop and evaluate test methodology and instrumenta-
tion which can be used in connection with future detailed characterizations of a candidate
site.

The description of method and instrument development for investigations from tunnels
and shafts (R&D, Section 9.3.2) largely includes methods for data collection and simpler
experiments which are carried out in parallel with tunnel excavation. Comments on this
are provided in the next section.

Base Documentation and Special Investigations from Tunnels

Base documentation means the mapping of tunnel walls and roofs as well as the
measurements which are carried out in regularly recurring probe boreholes during tunnel
excavation. Special investigations which are carried out from the tunnel include pressure
build-up tests in long probe boreholes, followup of the grout dispersal with a borehole
videoscope and water sampling and registration of Eh and pH. The development needs
described in the programme for 1993-1998 (R&D Section 9.3.2) include:

- rationalization of the CAD system for base documentation

- registration of drilling-related parameters in probe holes
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- characterization of the rock ahead of the tunnel front with radar and seismics

- packer system for sampling stagnant water in low-conductivity rock

- flow cells for the continuous recording of Eh and pH

- CHEMLAB probe for studying the dissolution of radionuclides in groundwater,
sorption and diffusion properties on mineral surfaces in the rock and in the backfill.

The main goal of the data collection carried out so far during the construction phase at
Äspö has been to provide a basis for the evaluation of pre-investigation methods which
have been used. SKI has, in connection with the review of SKB's previous R&D pro-
gramme (SKI, 1990), questioned SKB's high confidence in the possibility of using tun-
nel data for the validation of predictions made on the basis of pre-investigations. Thus,
SKI completely agrees with SINTAB/BERGAB's view that SKB should evaluate the
measurements and documentation work carried out during the first phase of construction.
An important question is whether the measurement methods used have provided an ad-
equate and relevant database to enable meaningful comparisons to be made between the
prognoses and the actual outcome.

SKI considers SKB's planned development of methodology for sampling groundwater in
low-conductivity rock and in-situ determination of sorption and matrix diffusion to be
very interesting. Further comments on the experiments which SKB has planned to carry
out with this equipment are provided in the chapter on Äspö (Section 8.6).

Programme for Long-term Observations

Long-term observations of the groundwater provide information on natural disturbances
at an investigation site as well as those induced by rock engineering and different experi-
ments. SKB has developed an advanced system for continuous registration of ground-
water head in multi-packered boreholes from the ground surface. The system is success-
ively expanded by incorporating strategic boreholes in the tunnel into the system. Data
collection takes place via a computerized monitoring system - HMS. It has also been
planned to connect chemistry probes for pH and Eh registration to this system. SKB is
also developing methods to study the water balance in the tunnel under Äspö.

SKI considers SKB's programme for long-term observations to be of high quality.
However, SKI advises SKB to develop a methodology for a more detailed long-term
registration of hydrochemical changes in connection with rock engineering. The con-
struction of tunnels and shafts, grouting and different experiments will probably result in
considerable changes in the geochemical conditions at the site. Knowledge of these con-
ditions may prove to be very important in order to describe how the geochemical con-
ditions develop after repository sealing. This problem area will be studied in connection
with the planned site-scale tests at the Äspö Hard Rock Laboratory (Äspö, Appendix A,
Section 4.4). However, as was previously indicated, the results will be specific to Äspö.
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An important viewpoint which SKI has and which was previously stated in the chapter
on deep disposal (Section 5.6.1) is that SKB should start planning long-term tests at
Äspö as well as at candidate sites. Tracer tests extended over long time periods - 5-10
years - provide, e.g. a greater opportunity to quantify slow retardation processes in situ.
However, such tests need to be planned and pre-modelled very carefully to ensure that
they yield results within reasonable periods of time. Furthermore, new measurement in-
strumentation and (sorbing) tracer elements may need to be developed and tested. Thus,
SKI advises SKB to start this work immediately.

SKI also considers that SKB should investigate the possibility of using the time until the
sealing of the repository (i.e. a period of time which is on the order of 50 years from
now) to carry out long-term testing of the performance of different parts of the backfill
system, e.g. the swelling properties of the bentonite in deposition holes, backfilling of
tunnels and borehole plugging. Extensive work still has to be done to show that the
design principles for deep disposal and deposition can be realized in practice and, at the
same time, fulfill high demands on quality and safe performance (see R&D, Chapter 1').
However, SKI is of the opinion that the long-term properties of the engineered barriers
cannot be demonstrated with this type of test.

Measurement and Experimental Programme for the Operating Phase at the
Äspö Hard Rock Laboratory

Detailed comments on the planned measurement and experimental programme for the
operating phase at Äspö are provided in Chapter 8 of this evaluation report. Some general
comments are given below. These comments concern the requirements made on the
method and instrument development which is needed.

SKI notes that an extensive experimental programme is being planned for the operating
phase at Äspö, partially involving new experimental methods. In SKI's view, this acti-
vity is an important stage in the development of SKJB's detailed characterization method-
ology. In order for SKB to succeed with this programme, SKB must identify the need
for method and instrument development, at an early stage. However, such information is
lacking in RD&D Programme 92, since the planning of the experiments in the operating
phase has not advanced sufficiently.

Bearing in mind the considerable investment which the operating phase represents, it is of
great importance that the different experiments should be planned with a high degree of
detail and that they should be subjected to independent scientific review. With respect to
this, SKI wishes to emphasize SINTAB/BERGAB's recommendation that the experience
of methodology and planning in each subject area should be documented in order to
ensure that the experimental planning will also benefit from international experience.
Similar experimental programmes were previously carried out at Grimsel, URL, Stripa,
Climax and Yucca Mountain, see, e.g. SKN's survey (Hardin, 1992).

It is understandable that SKB is planning to conduct most of its method and instrument
development work at the Äspö Hard Rock Laboratory. The technical and human re-
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sources which are necessary for such work are available there. However, this strategy
has cer^in disadvantages, which have been pointed out by Chalmers University of
Technology and others. The heavy concentration of methodology development to Äspö
means that the methods will, through necessity, be adapted to the geological conditions at
this particular site. A certain measurement method or test design which yields good re-
sults at Äspö may not necessarily be optimal for a candidate site with other geological
conoitions and vice versa. This aspect must be considered by SKB in connection with its
evaluation of the usefulness of different methods.

The experience from Stripa has clearly shown that the evaluation of measurements and
tests from tunnels and shafts is complicated by the disturbances caused by the under-
ground rock engineering. Therefore, an important goal for the operating stage should be
to investigate how geochemical changes, the impact of the disturbed zone and long-term
drainage of groundwater etc. affect the results of the tests which form part of a detailed
characterization. The tests which have been planned to study these problems (see Äspö,
Appendix A, Section 4.8) should be accorded very high priority so that the results can be
used in connection with the planning of the other tests to be conducted during the oper-
ating stage at the Äspö Hard Rock Laboratory.

SKI also wishes to emphasize the importance of SKB evaluating the way in which the
individual measurements and experiments affect the properties of the repository area - as
regards possible damage to the rock which can affect the performance of the repository,
e.g. drilling of boreholes and as regards any disturbances which can complicate the
evaluation of other experiments.

7.8.6 Overall Evaluation

SKI's overall evaluation is that SKB's plans for developing individual methods and in-
struments are of a consistently high level. However, in general, it can be said that the
programme which is described is not related to the needs and time-schedules which have
been specified in other parts of the RD&D programme. The plans for the development of
various measurement methods are reported separately, without any discussion of what it
is that it is important to measure or the accuracy with which different parameters must be
determined. In SKI's view, this approach has caused important development needs to be
ignored. The lack of a concrete programme for detecting sub-horizontal zones and in-situ
determination of rock stability are some examples.

SKI strongly advises SKB to harmonize the selected measurement methods and the
prioritization of further method and instrument development with the requirements of the
safety assessment and the existing needs for the design of a deep repository. This is re
quired to ensure that the nieasurement methods which are selected are relevant and pro-
vide an adequate basis for the safety assessment of the repository as well as for the con-
struction work.

At present, SKB has acquired considerable experience of pre-investigation methodology,
i.e. investigations from the surface and in boreholes. However, extensive work still re-
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mains to be done in order to verify the usefulness of various measurement methods.
Therefore, SKI questions whether the time-schedule which is presented in the siting
project, according to which pre-investigations are expected to start as early as 1993, can
be maintained. In SKI's view, SKB must first specify concrete plans for how these pre-
investigations are to be carried out before actually doing so. Similarly, SKB must de-
velop a basis of assessing the expected results. Important aspects of such a basis are:

- an integrated description of the parameters/measurements which are important to a
safety assessment and the construction of a deep repository,

- a systematic account of uncertainties in measurements and interpreted data,

- a plan for how different measurement methods will be integrated into a well-struc-
tured, overall programme for pre-investigations and detailed characterization in-
cluding the documentation of disturbances and damage that may arise as a result of
the investigations,

- a description of expected results and uncertainties as well as an account of important
parameters which cannot be measured.

It will, naturally, also be necessary to develop a similar basis of support for forthcoming
detailed characterizations.

In addition to the development of instruments described in the RD&D programme, SKB
should concentrate, to a greater extent, on developing and evaluating interpretation
methodology for various measurement methods. Several measurements, particularly
hydraulic tests and geophysical measurements, do not provide any direct information on
the parameters which are used to characterize a site. The evaluation of single-hole injec-
tion tesis is an important example of situations where simplified interpretation models are
routinely applied by SKB without an adequate analysis of the assumptions made.

Another factor which is of great importance to the possibility of carrying out a meaningful
site characterization is the way in which various measurement methods are integrated into
an overall measurement programme. This means the way in which a borehole programme
is structured on the basis of geological and geophysical information, the sequence in
which various measurements are carried out in boreholes and the selection of test sections
for interference tests and tracer experiments etc. The results of the investigations at Äspö
have shown, for example, that groundwater sampling is an area where considerable im-
provements should be made using a better structured and integrated measurement pro-
gramme.

SKI considers hat the extensive measurement and experimental programme for the
operating phase at Ä-rc will provide SKB with good opportunities to develop its
methodology for detailed characterizations. However, SKI wishes to emphasize the im-
portance of planning the various experiments in great detail and subjecting them to in-
dependent scientific review. More detailed descriptions of planned experiments and re-
quired method and instrument development should, therefore, be accorded high priority.
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One important aspect of the development of methods and instruments, which is not dealt
with in RD&D Programme 92, is the possibility of carrying out long-term tests. Tracer
tests extended over long periods of time, e.g. 5 - 10 years, could provide important in-
formation on effective retardation parameters. SKI strongly advises SKB to immediately
investigate the possibility of carrying out such tests.

SKI also wishes to point out that the heavy concentration of method development to
Äspö, means that the methods will be adapted to this particular site. Therefore, in order to
judge the usefulness of various methods, it is very important that other experience should
be considered as well, e.g. from the sites previously studied by SKB and from Stripa, as
well as from experimental programmes abroad.

7.9 BIOSPHERE STUDIES

7.9.1 Introduction

Studies of the turnover of radioactive substances in the biosphere are necessary in order
to estimate resulting radiation doses to man and the environment. SKB is allocating about
SEK 2 million per year during the forthcoming six-year period, i.e. 5% of the total cost
of the supporting research, to work relating to the biosphere.

SKB specifies the following goals for work in this area:

- to try to quantify the uncertainties that stem from the fact that the biosphere is con-
stantly changing

- to improve the data on which the transport models are based

- to validate the models by means of studies of analogue transport processes.

The Swedish Radiation Protection Institute states that SKB's level of ambition within the
biosphere field depends on SKB's level of ambition with regard to isolating the nuclear
waste from the biosphere. The Institute goes on to add that the changeover to the cur-
rently preferred canister design can be taken as an indication that SKB is lowering its
ambition to isolate the spent fuel from .he biosphere.

In its reply, the Swedish University of Agricu'.ural Sciences maintains that the area
"Biosphere Studies" is given too little attention in SKB's RD&D programme and con-
siders that greater investment in this area should be warranted bearing in mind the funda-
mental importance of the area.

The University of Gothenburg observes that the biosphere field represents a relatively
small part of the RD&D programme and states that: "If this means that these issues are
judged to be less important, this must be interpreted as indicating that the repository is
considered to be so safe that significant leakage or releases will not occur. However, the
reader of the document will not necessarily reach this conclusion."
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In SKI's view, SKB's work within the biosphere field is, on the whole, well-structured.
However, SKI wishes to emphasize that the selection of the composite canister as the
main alternative must not be allowed to mean that SKB has lowered its ambition to isolate
the fuel from the biosphere.

7.9.2 Time Perspective

The purpose of the repository concept proposed by SKB is to isolate the radioactive spent
nuclear fuel from the biosphere for as long as it takes for the radioactivity to decay to
such a level that it can no longer be considered hazardous. If the performance of the iso-
lating barriers is for any reason impaired, this could result in the radioactive substances
reaching the biosphere earlier than planned. The goal that SKB specifies for its biosphere
studies is to be able to carry out consequence calculations for the safety assessment in a
credible manner. Since the breakthrough time for the engineered barriers is estimated by
SKB to be on the order of 1 000 of years (a few hundred years in the most conservative
scenario) and the retardation times in the near and far field must be added to this, only
very long-lived nuclides are included in the biosphere studies. SKB's work focusses on
estimating what consequences different release scenarios will have in a time perspective
which is on the order of 10 000 years, i.e. until the next ice-age.

The Swedish Radiation Protection Institute states, in its review statement, that work
within the biosphere field is hardly justified for investigating how the biosphere will
appear in the distant future. It is more important to investigate the uncertainties which
exist in connection with the modelling of today's biosphere.

SKI agrees with the Institute and considers SKB's prioritization of the first 10 000 years
to be reasonable. SKI also considers dose estimates for longer time perspectives, based
on knowledge of th? first 10 000 years, to be adequate safety indicators. However, other
safety indicators sucli as the flows and concentration of radioactivity should also be de-
veloped and studied. The shorter time frames should not be forgotten in this context. This
is especially important, with regard to the repository for waste other than the spent
nuclear fuel. During the first hundred years, the dose will be dominated by completely
different radionuclides than those which are of interest in a long-term perspective.

7.9.3 Focus on Candidate Sites

SKB's work within the biosphere field will focus, to a great degree, on the local con-
ditions at the candidate sites.

In the opinion of the Swedish University of Agricultural Sciences, focussing on the local
conditions at the candidate sites will involve a limitation of scope.

The Swedish Radiation Protection Institute states that when a site is selected for detailed
investigations, potential discharge areas, i.e. the local conditions concerning the risk for
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the accumulation of radioactive substances in the environment, must be taken into con-
sideration.

SKI considers that it is important that comprehensive research and development work
should be carried out within the biosphere field. The focus of the biosphere studies must
not lead to a loss of this comprehensiveness. However, it will still be necessary to focus
on the candidate sites bearing in mind future Environmental Impact Statements (EIS).

Evolution of the Biosphere

Within the framework of the site-specific studies, SKB is planning to predict how man,
over the next 1 000 years will use the ecosystem within a certain area, concerning land
use, well drilling etc. It is judged that studies for a longer time perspective will not add
any more useful information. However, SKB will study the impact of climatic changes
and ice-ages in connection with work on systematic scenario analysis.

The Swedish University of Agricultural Sciences states that it is unrealistic to believe that
it is possible to predict land use for a time period of I 000 years. In the view of the
University, SKB should, instead, attempt to identify the "worst" transport pathways for
the radioactive substances in question, i.e. the most unfavourable for man. Otherwise,
according to the University, there could be a risk for wishful thinking, e.g. the future
scenario "large-scale soil-less cultivation". Furthermore, the University questions
whether it is at all possible, to discuss how or in what way large-scale soil-less
cultivation will be applied within 1 000 years. Instead, conventional cultivation of
agricultural or horticultural products on lake beds which have undergone eutrophication
should be studied as critical scenarios.

Changes in the biosphere are, through different processes, much more rapid and more
difficult to predict than processes in the geosphere. This, combined with the knowledge
that doses based on absolute predictions of the biosphere's evolution cannot be estimated
for more than short time spans leads SKI to the conclusion that SKB's prioritization is
correct in this case. Any attempt to predict land use, for a specific site, during the post-
glacial period can hardly provide a relevant basis on which a safety assessment can be
made. Further work on scenario development should result in a number of biosphere
scenarios which, together, provide such breadth of scope that possible long-term se-
quences are covered. This means that the studies of climatic changes and future ice-ages
are still important, especially to obtain a qualitative view of the situation.

7.9.4 Environmental Protection

In its introduction to the chapter on biosphere models, SKB writes: "The biosphere
studies cover the chain of events from radionuclide transport in groundwater out of the
rock to impact on man or other organisms." Further on, on the same page, SKB states
that "the dose to other organisms is studied". In the section "Acceptance Criteria", SKB
states that "as in other countries, Swedish safety assessments have been based on the
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principle that if man as an individual and as a group is protected, other biological species
will not be threatened by radioactive releases". The IAEA has carried out certain investi-
gations which largely support this assumption (SKB, Ref 10-44, 10-45).

The Swedish Radiation Protection Institute states that a discussion of the impact on living
organisms other than man is lacking. It is important that SKB should include in its pro-
gramme an assessment of the environmental impact of a repository, e.g. for sensitive
animal populations.

SKI largely agrees with the Institute's comments and considers it remarkable that SKB
does not, in general, discuss the effects on living organisms other than man.
"Environmental protection" will most likely be an important part of a future EIS process.
It should be in SKB's interest to further investigate this issue.

7.9.5 Wells

SKB points out that rock-drilled wells are a critical transport pathway from deep
groundwater directly to environments in the vicinity of man. Since wells are so common,
they may often be regarded as the result of normal human behaviour and not as a case of
intrusion. SKB intends to continue developing the methodology for treating wells in the
safety assessment with regard to the guidelines which are issued by the authorities con-
cerned.

In SKI's view, with the current well density in Sweden's more densely populated areas,
the probability is high that at least one well will exist in the repository area during most of
the repository's service life. This must be taken into consideration in the safety assess-
ment.

7.9.6 Transport of Radionuclides

As regards the transport of radioactive substances through sediment and soil, SKB notes
that the transition from the geosphere to the biosphere means a transition from a reducing
to an oxidizing environment. For most of the chemical compounds which are relevant in
this context, this means a dramatic change in properties such as solubility and chemical
form. Thus, SKB considers that further study of the transition zone between the geo-
sphere and biosphere should be carried out. Studies are currently being conducted to find
an alternative model description for transport in sediment and soil.
SKB refers to a detailed investigation of discharge in lakes ("Nuclide Transport in
Discharge Areas") and reaches the conclusion that "the model descriptions that have been
made of discharge areas have been correct on the relatively rough level of detail that has
been used." The binding of actinides on organic matter in soils affects the exposure
pathway, vegetables, meat and milk. SKB plans to assess the importance of the uncer-
tainty in the turnover of transuranic elements. Experimental studies may also have to be
carried out.
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The Swedish University of Agricultural Sciences maintains that the importance of the
biological processes in connection with the turnover and transport of radionuclides ap-
pears to have been underestimated in SKB's programme. The University gives, as an
example, the biological processes which result in the molecular binding of iodine to
volatile and non-volatile organic substances. The University is positive to SKB's planned
soil migration studies which aim at describing the transport and retardation mechanisms
for different radionuclides in different soil types, but would like the soil-plant transfer
stage to be taken into consideration. Furthermore, the University considers that experi-
mental investigations should be carried out covering the soil-plant-animal product path-
way in order to be able to correctly estimate the dose to man.

The Swedish Radiation Protection Institute states that "when a site is being selected for
detailed characterization, potential discharge areas must be given considerable attention,
i.e. the local conditions which involve the risk of the accumulation of radioactive sub-
stances in the environment as well as the impact of such substances must be taken into
account." The Institute considers that such an assessment of potential discharge areas in
the vicinity of the repository will play an important role in the assessment of radiation
protection.

The University of Gothenburg states that "Radiation biology, radiophysics and environ-
ment radiology have contributed to an understanding of how radioactive substances are
transported in nature and how efficiently organisms take up such substances as well as
how quickly they decay and to what extent they accumulate in different organs.
However, it is important to continue to improve the level of understanding within this
area as well." The University would like to see a sub-programme which deals with how
long-lived components in nuclear waste are taken up and metabolized in biological sys-
tems.

SKI considers that further studies in this area are definitively warranted. In particular,
different concentration effects should be studied in detail (see next section). Transitions
between the geosphere and biosphere should be studied in different conditions: in sedi-
ment, in soils with varying composition, and in water. SKI would like SKB to develop
its programme within this area.

Concentration Effects

Enrichment in biota (e.g. the shrimp-perch-pike pathway) is taken into account in the
transfer factors used. However, the accumulation of transuranic elements in peat mosses
is an example of a process which may mean that radionuclides are concentrated for a
longer period of time (1 000 years) to subsequently be released during a shorter period of
time (10 years).

In order to study the role of sediment in long-term accumulation, SKB plans to study
ores and leaching layers in peat.
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SKI considers that it is important to investigate the importance of concentration effects.
Such an investigation will give an idea of the reliability of the biosphere models which are
used. If possible, these studies should be supplemented by certain modelling work.

Chernobyl Data - Transport Pathways in the Biosphere

After the Chernobyl accident, a study of the fallout on SKB's investigation sites of Gideå
and Finnsjön, was initiated. These studies included sampling and measurement pro-
grammes, studies of migration in soil profiles, sorption on and migration in rock, water-
borne activity and the modelling of nuclide turnover and transport. Sampling and
measurement programmes were completed during the last part of 1991, whereupon work
focussed on summarizing and evaluation. The study is expected to be completed in 1993.
The purpose of these studies is to provide information on the reliability of existing bio-
sphere models and to attempt to refine the description of transport and retardation
mechanisms for different nuclides in different soil types. Some measurement results have
been published. For example, the measurement of nuclide concentration in artesian bore-
holes has shown that certain nuclides (e.g. isotopes of cesium) can be transported to a
depth of 100 m in 200-400 days.

The Swedish Natural Science Research Council states that it is possible that the data
which has been collected in Sweden after the Chernobyl accident can be better used or
supplemented in order to verify biosphere models. The Council particularly emphasizes
that the high concentrations of cesium, in particular, which is found in fungi and animals,
were unexpected. Furthermore, the Council states that SKB should participate in studies
of the biological uptake in the near field around Chernobyl, where there should be the
possibility of following elements other than cesium. The Council also points out the fact
that the material from studies of fallout from the use of nuclear weapons has not been
"translated" to repository scenarios.

SKI is of the opinion that it is important, as far as possible, to use the material from
Chernobyl. These studies should provide an excellent basis for evaluating whether the
relevant transport and retardation processes have been included in the biosphere models
which are being used. In turn, this could contribute to a validation of the models. SKI is
looking forward to a report summarizing the studies carried out which will investigate
this.

7.9.7 Models and Data

As regards the validation of models, SKB refers to the joint international project which is
in progress within the framework of VAMP and BIOMOVS, and to the data which have
been obtained from the Chernobyl fallout. Sensitivity analyses will provide a basis, to a
greater extent than before, for determining which parameters will be selected for further
study.
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The Swedish Radiation Protection Institute observes that SKB refers to BIOMOVS II
with regard to uncertainties associated with the modelling of the transport of radioactive
substances in the biosphere and maintains that SKB should take a more active respon-
sibility for this area. Furthermore, the Institute considers that it is important to try to
identify, as far as possible, which uncertainties can be reduced through additional re-
search and data collection.

In SKI's view, bearing in mind the uncertainties, the possibility of validation is small. An
important goal is to describe the relative hazard of different radionuclides. It should be
desirable to aim to improve understanding within this area since relative levels are af-
fected to a much smaller degree than absolute values when different scenarios are applied.
SKI considers that there is a need for studying more process-oriented models in order to
improve understanding within this area. Studies of box models alone do not provide an
opportunity of understanding the underlying processes. Finally, SKI wishes to empha-
size the importance of SKB summarizing the gaps in knowledge which exist in connec-
tion with biosphere modelling and analyzing any importance they may have to a safety
assessment.

7.9.8 Overall Evaluation

In SKI's view, SKB's planned work on biosphere studies are largely well-structured and
integrated. Furthermore, SKI considers that SKB's prioritization of the first 10 000 years
is reasonable and that the dose estimates are adequate indicators of safety, even from a
perspective beyond this. However, other safety indicators for long-term perspectives,
such as flow and the concentration of radioactivity, must also be developed and studied.

SKI considers that SKB's concentration of the biosphere studies to the local conditions at
the candidate sites is necessary if they are to contribute to providing the background data
for an EIS. However, such a concentration must not be made at the cost of maintaining
the comprehensiveness of the programme. SKI considers that it is remarkable that SKB
does not discuss the impact on other living organisms besides man. Environmental pro-
tection is part of an EIS, and SKB should take this issue into consideration.

Changes in the biosphere occur much more quickly and are much more difficult to predict
than geospheric processes. Further work on scenario development should result in a
number of biosphere scenarios which, together, will provide sufficient breadth to cover
possible long-term sequences to a reasonable extent. This means that the studies of
climatic changes and future ice ages are still important, especially to obtain a qualitative
picture. However, the short-term perspective must not be forgotten, especial with regard
to the repository for other types of waste.

SKI observes that it is important to investigate the importance of concentration effects.
Such an investigation will give an idea of the reliability of the biosphere models which are
being used. SKB's plans to study the transport of radioactive substances through sedi-
ment and soil in the transition zone between the geosphere and the biosphere are import-
ant in this respect.
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SKI wishes to emphasize that the dense occurrence of wells in Sweden at present means
that there is a high probability that at least one well will be located within the repository
area under most of the service life of the repository and that this should be taken into
consideration in the safety assessment. The question of concentration effects in connec-
tion with wells must be considered.

SKB is participating in joint international work on the validation of biosphere models.
SKI considers that the possibility of validation is small but that the work is valuable be-
cause it will lead to improved understanding of the problems involved.

7.10 SOCIOLOGICAL RESEARCH

SKI is of the opinion that the sociological aspects of the final disposal of spent nuclear
fuel should play a more dominant role in SKB's research and development work. SKI's
DIALOGUE project has shown that it is not only issues relating to the long-term safety
which are of importance in connection with the siting of a repository. More immediate
issues, concerning man in society, will be relevant, to a great extent. Although such
issues mainly arise in connection with the siting and construction stages, they concern the
development of society over a very long period of time.

The University of Uppsala points out that SKB, in several places in its report, states that
only when the technical and scientific conditions and considerations have been com-
pleted, will it consider questions of a sociological nature. The University questions
whether such an approach is wise and is of the opinion that investigations relating to
sociology and behavioural sciences should be conducted at the same time as technical and
scientific investigations.

7.11 SUPPORTING RESEARCH AND DEVELOPMENT
- SUMMARY OF SKI'S EVALUATION

Through SKB's research and development work concerning the final disposal of spent
nuclear fuel, the Swedish nuclear power industry has developed a programme with the
undisputed position of being among the world's leading programmes. This position has
been secured through lengthy and systematically planned development work which has
utilized considerable financial and human resources. However, for a small country like
Sweden, this would not have been possible without very active participation in joint in-
ternational projects. This has also contributed to ensuring that SKB's work has been
subjected to extensive scientific review.

SKB is now on the threshold of realizing the results of about 15 years of intensive R&D
work by approaching what can be called a demonstration phase. Within a period of about
ten years, SKB plans to construct an encapsulation plant, conduct a detailed site investi-
gation and submit an application for a siting permit and licence to operate a repository.
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However, the consistently highly ambitious level and quality of most of SKB's research
programmes so far does not in itself guarantee that all the important issues will be re-
solved within the time span that SKB has anticipated. The only guarantee that can be
made in this respect is to show that the safety of the final disposal system fulfills the re-
quirements which can be made from a series of different standpoints. This can only be
achieved by well-documented and systematically performed safety assessments.

Without app!- j the knowledge gained from the R&D work to a safety assessment, it is
difficult' - .erstand the relevance of this knowledge and to establish the direction of
future »•- v.K. From this standpoint, SKI considers that SKB has not succeeded, in a
ccvVaated fashion, in showing how the work in various areas can result in achieving

intended goal of the supporting R&D programme. This deficiency is regrettable,
.•specially since SKB's work in most of the areas concerned is of a high standard, even
when seen from an international perspective.

SKI considers that the comments on the different sub-areas, presented above, are of great
importance, especially when seen from an overall perspective. However, SKI wishes to
emphasize that these comments on SKB's R&D programme do not mean that it is not
possible to attain the overall goals by pursuing the current course of work. Instead, it is a
matter of questioning whether the necessary knowledge and experience really can be
attained within the time specified in SKB's current plans.

However, in SKI's view, a correct evaluation of these issues is connected with the re-
quirements made on the completeness of the assessment of safety, which is necessary
every time a decision is to be made. This, and other related factors are also treated in
Chapter 6.
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8 ASPO HARD ROCK LABORATORY

8.1 BACKGROUND

When the facts, requirements and evaluations which were formulated in connection with
the preparation of R&D Programme 86 were considered, this resulted in the proposal of
constructing an underground laboratory in the Swedish bedrock. Most of the reviewing
bodies were positive to this idea. SKN considered that there was sufficient reason to
construct a hard rock laboratory in Sweden, although the state of the art within geo-
science was insufficient at that time for SKN to evaluate SKB's proposal to site the lab-
oratory at Simpevarp. At that time, important geoscientific issues were considered to
include groundwater movements in the rock and the stability of the rock in a long-term
perspective.

8 .1 .1 SKB's Work

In autumn 1986, SKB started field work concerning the siting of a hard rock laboratory
in the Simpevarp area, in the municipality of Oskarshamn. At the end of 1988, SKB de-
cided upon the principle of constructing the facility on southern Äspö, about 2 km north
of the Oskarshamn Nuclear Power Plant. After a permit was granted by the authorities,
construction work started in autumn 1990. The reasons for constructing the Äspö Hard
Rock Laboratory and the goals of the project were established in detail in SKB's R&D
Programme 89.

Work on the Hard Rock Laboratory was divided into three phases - the pre-investigation,
construction and operating phases. The siting of the laboratory was completed in the pre-
investigation phase. The natural conditions of the bedrock were analyzed and described.
During the construction phase, which will last from 1990 to 1994, several investigations
and tests will be carried out in parallel with the construction work. The tunnel will be ex-
cavated to the full depth, which, according to SKB, is now about 460 m, as opposed to
the previous 490 m. It is expected that the operating phase will start in 1995. The final
programme for the operating phase will be adapted to results from other projects and to
experience from the construction phase.

8 . 1 . 2 SKN's Evaluation - Government Decision in 1990 on SKB's R&D
Programme 89

In SKN's evaluation of the results obtained by SKB in its siting and site description
stages, submitted to the Government in 1990, it was stated that:

- results and interpretations from SKN's work have indicated that discrepancies exist
between SKB's and SKN's models with regard to the regional study as well as the
site description. SKN assumed that SKB's supplementary work would result in a
revision of the models presented.
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- Before the start of construction, SKB should compile the experience gained con-
cerning investigation methods used, interpretations of investigation results and com-
parisons with the prediction models which have been successively developed.

Prior to starting construction of the tunnel, SKN requested SKB to present a plan for
how the access tunnel would be used for different research work, e.g. for studying the
size of the damaged zone in connection with different blasting processes, for establishing
how reinforcement measures such as injection, steel netting and grouting could be carried
out as well as for collecting relevant data in order to satisfactorily compare the prognoses
with the actual outcome. In addition, the risk of a conflict of goals arising between re-
search and construction was pointed out.

It was the opinion of SKN, as it is that of SKI at present, that much of the input data for
future pre-investigations for the siting of a deep repository will be based on the experi-
ence gained from Äspö and the methodology and methods used there. Therefore, SKN
and SKI have both, on several occasions, recommended SKB to evaluate its work during
the siting stage and, if necessary, to revise the conceptual models it has developed.

8.1.3 Experience fron, the Stripa Project

SKB's research work in underground facilities was previously concentrated to the inter-
national Stripa project. The project was conducted during three phases, 1980 - 1992, and
is now completed. SKI considers that, since many of the most important countries which
are actively involved in developing repositories for high-level waste participated in the
Stripa project, a valuable, common base of knowledge has been acquired.

It is important that lessons learned and experience gained from the Stripa project should
be transferred to new projects and, above all, to the Äspö project. In SKI's review of
SKB's R&D Programme 89, SKI emphasized the impoitance of SKB actually taking into
account and utilizing the experience and knowledge gained within the Stripa project, now
that the Äspö Hard Rock Laboratory has largely taken over Stripa's role. Over the past
two years, the Äspö project has grown and contains several of the components which
made the Stripa project successful. It is also positive that individuals who were pre-
viously involved in the Stripa project are now a part of the organization of the Äspö
project.

The international structure of the Stripa project has probably contributed to the establish-
ment of well-defined procedures, with regard to preparing, carrying out and evaluating
results as well as with regard to the integration of different activities into the project. The
results were published internationally, which made it possible for outsiders to gain ad-
equate insight into the project. This has also meant that the project was continuously
subjected to independent review, v/hich helped to ensure that the project maintained a
high scientific standard. Thus, SKB should also consider some form of independent re-
view of the Äspö project, in addition to that carried out by the Scientific Advisory
Committee, SAC.
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The structure of the project made it easy to focus on certain specific problem areas, with
each phase of the Stripa project concentrating on a particular theme. This oriented the
project towards specific goals and made it possible to prepare reports in accordance with
the project programme. Although the Äspö" project has now been following this type of
structure, in general, certain difficulties have been encountered. These difficulties involve
maintaining a balance between, on the one hand, the consistent tempo which is demanded
by the construction engineers and, on the other hand, the allocation of adequate time for
R&D activities which is demanded by the researchers.

The "task force" approach, where specialists from different countries tackle the same
problem (same data) with the aid of their own models, has probably contributed to a more
comprehensive analysis of data and problem areas than the traditional approach involving
one researcher or a group of researchers. This means that the support for conclusions
drawn is more solid, in most cases. The Äspö project has introduced similar stages
within hydrogeological modelling.

However, SKI has observed certain general disadvantages with the structure of the Stripa
project. The pressure to keep to deadlines, meant that certain work was carried out under
pressure and, therefore, could not be completed and fully evaluated. An example of this,
is the SCV project and the studies of the blasting damage zone and its importance to, for
example, the groundwater flow. Dominant individuals were sometimes, by virtue of
being authorities in a particular area, able to rigidly control which projects and work
should be carried out within a particular subject area. This has probably resulted in a nar-
rowness of approach in certain cases. Thus, »t is of considerable importance that inde-
pendent evaluations should be continuously carried out and the results of such evalu-
ations transferred to the work during the entire course of the project.

8.2 GOALS OF THE ÄSPÖ PROJECT

8.2.1 Main Goals and Stage Goals

SKB has specified the following goals for the research work being conducted at the Äspö
Hard Rock Laboratory:

- Test the quality and appropriateness of different methods for characterizing the bed-
rock with respect to conditions of importance for a deep repositor"

- Refine and demonstrate methods for adapting a deep repository to the local properties
of the rock in connection with design, planning and construction.

- Collect material and data of importance for the safety of the deep repository and for
confidence in the quality of the safety assessments.

On the basis of these goals, SKB has formulated stage goals connected to the time-
schedule for the deep repository project. Before the selection of a site for detailed charac-
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terizations, SKB intends to verify pre-investigation methods and establish detailed
characterization methodology, with the support of the work at Äspö. As a basis for
optimizing the deep repository system, and for a safety assessment prior to submitting an
application for a siting permit, SKB intends to test models for groundwater flow and
radionuclide migration. Prior to the construction of the deep repository, SKB intends to
demonstrate construction and handling methods as well as test important parts of the
repository system, at planned repository depth and under representative conditions.

In the view of the University cf Uppsala, RD&D relating to the disposal of spent nuclear
fuel could be given a completely new experimental focus with the construction of the
Hard Rock Laboratory at Äspö. This laboratory will provide a unique opportunity to ver-
ify the theoretically simulated models which were developed to resolve issues relating to
hydrogeology and which can now be tested three-dimensionally, under natural condi-
tions. Furthermore, the University considers that the groundwater flow and chemical mi-
gration-absorption in different drainage pathways as well as changes in the properties of
the rock as a result of drilling, drift and tunnel excavation should be the most important
areas studied. The University goes on to add that this is the first time that it is possible to
quantitatively study changes in the hydraulic pressure and water flow in previously ho-
mogeneous rock.

In the view of Chalmers University of Technology, the considerable investment in char-
acterizing rock is questionable on the whole when, according to SKB 91, repository
safety is only, to a negligible degree, dependent upon the ability of the surrounding rock
to retard and sorb radioactive substances. On the other hand, in the opinion of the
Swedish Science Research Council, the Äspö Hard Rock Laboratory, which is under
construction, cannot only provide valuable informativ n for the planning of the deep re-
pository, but also information which is of broad and general geoscientific interest.

In the opinion of Otto Brotzen, questions of essential importance to the repository
(possible radioactive releases) are being neglected, while considerable resources are being
invested into investigating conventional issues relating to rock engineering such as prog-
noses of the feasibility of constructing the repository in the rock and the flow of ground-
water into open rock cavities. Brotzen considers that this is more or less irrelevant to a
repository - which Brotzen considers to be easy to construct - which is to be backfilled
and sealed and where almost only the minimal water movements just around the fuel
canisters, determine the level of safety. Furthermore, in Brotzen's view, the Äspö tunnel,
constructed by methods which will soon be outdated, is of no significance to the devel-
opment of a repository, but could be a step towards the realization of a repository. In
conclusion, Brotzen wonders if it really is justifiable that a large part of SKB's budget
should be allocated to normal tunnel excavation, new construction work and unimportant
research relating to rock engineering, when so much basic goal-oriented research and
technical development, which is of central importance to a safe disposal, remains to be
carried out.

In SKI's view, on a purely general level, the needs of the deep repository project justify
the activities being conducted at Äspö. Howevci, SKI has views regarding the scope.
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feasibility and deadlines for the goals. It must also be emphasized that the deep repository
project cannot only rest on the knowledge acquired within the Äspö project, not even
with regard to geoscientific issues. An important example in this context is SKB's inad-
equate classification of Sweden's geology and the distribution of properties which may
be importani to the siting of a repository which SKI has commented upon in the chapter
on deep disposal (Chapter 5). This inadequacy cannot be resolved through the Äspö
project, since this project only provides information on one site, even if the methodology
developed within the Äspö project may also be valuable for the siting of a repository.

8.2.2 Investigation Methodology

In order to verify the pre-investigations. SKB has adopted the approach of characterizing
the rock volume from the surface, from boreholes and from tunnels and shafts. SKB then
intends to show that the evaluations made on the basis of pre-investigations lead to the
same general conclusions which will subsequently be drawn, after the detailed characteri-
zations have been carried out.

In SKI's view, SKB's goal of finalizing methodology for pre-investigations and detailed
characterizations as well as of developing and testing models is important. However, the
project would probably gain from integrating it with a broadly based safety assessment
(see Chapter 6). This applies to the areas which will be studied in greater detail as well as
the information which the site investigations will provide. At present, there is a risk that
impou nt issues will not be treated, e.g. issues relating to the stability of the rock, which
has A t een mentioned among the goals. The need also exists for establishing which in-
fo- ' n" n is less important. Although site investigations yield large quantities of data,
ot / *' ne of these data have any essential bearing on the properties of the rock. In order
u r. -\f the standard of the characterization and evaluation of a site, it is probably necess-
a y .o joncentrate the scientific work.

\\- >riCI's view, it would also have been desirable if SKB, in its preliminary investigation
: ns, had defined in greater detail, exactly what the concept need involved with regard to
' - geological basis for the siting of a deep repository. Since SKB has not stated what in-

U 'mation is needed, it is impossible to establish whether the goals have been attained or
u .il be able to be attained.

/\ this point, SKI wishes to emphasize that a comprehensive characterization of a rock
m iss, will not be achieved through pre- investigations or detailed characterizations. This
is probably not SKB's intention, in any case. It is not as though the measurements con-
ducted from the tunnel will provide the answers to all questions. The results of detailed
characterizations must also be interpreted. Thus, it is necessary that SKB, in its descrip-
tion, should explicitly specify the limitations of the (measurement) methods, i.e. what can
be measured, with what accuracy these measurements can be made, and what sources of
error are associated with instruments and procedures. It is also important to establish
what cannot be measured. This question is related to evaluations using different models
and validations. Comments on SKB's work so far, within this area and within the Äspö
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project, are provided in the next section. (For further comments see Deep Disposal,
Chapter 5 as well as Methods and Instruments. Section 7.8).

It is also important that an evaluation of methods used should be carried out as e^rly as
possible during the investigation phase so that methods are not applied which, at a later
stage, prove to be unsuitable or difficult to evaluate from the standpoint of quality. If an
early evaluation is not carried out, it may emerge, when difficult-to-interpret test data
from detailed characterizations of tunnels and shafts have already been obtained, that the
methods used contained certain deficiencies which could have been eliminated, while
other, alternative methods were not tested. The possibility cannot be excluded, when the
construction of the Äspö Hard Rock Laboratory is almost completed, that it will be found
that the methods selected were less suitable. SKI has previously indicated deficiencies in
SKB's description of results obtained, mainly with regard to those reported by Wikberg
etal., 1991.

8.2.3 Information and Data of Importance to Safety

In SKI's view, SKB's stage goal of testing models for groundwater flow and radio-
nuclide migration is much too limited. Other geoscientific questions exist which are just
as important, mainly those concerning the mechanical and chemical stability of the bed-
rock. SKB also states this in other parts of the RD&D programme. In SKI's opinion,
SKB should revise its description of goals for work at the Äspö Hard Rock Laboratory.
The need for conducting an integrated safety assessment with a wide scope, as is empha-
sized in Chapter 6, is important in this context.

8.2.4 Deep Repository Technology

SKI supports SKB's plans to use the Äspö Hard Rock Laboratory for practical develop-
ment of the deep repository system. However, the goals could have been specified in a
better manner, for example: to acquire data and to develop a plan for the actual construc-
tion of a repository. How the rock engineering work will be carried out so as to assure
safety, i.e. the investigation of issues relating to repository design, tunnel structure and
construction methods, should be specified in a clearer manner. Data must be developed to
evaluate the differences, the advantages and disadvantages of alternative rock engineering
methods, such as full-face drilling and blasting. SKB's PASS study could be used as a
model for this.

8.2.5 Time-schedule in relation to the Deep Repository Project

According to the time-schedule for the deep repositoiy project, presented by SKB in
RD&D Programme 92, SKB is planning to announce two candidate sites during 1993, at
the earliest. One of these sites will be selected for detailed characterization in 1996, at the
earliest. An important question at this time is how much of the investigations which have
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been carried out at Aspö and which still remain to be carried out can be used before work
is started at two candidate sites, bearing in mind the times specified.

Chalmers University of Technology points out that the time-schedule seems to be very
tight, especially if SKB intends to be able to use experience from Äspö in connection
with the selection and evaluation of candidate sites. The University of Gothenburg also
considers the time-schedule for the siting and construction of the repository to be con-
trived. In the University's view, SKB should first await the results of the research work
conducted at the Äspö Hard Rock Laboratory and elsewhere and, on the basis of these
results, define criteria for the rock barrier and societal factors.

SKI's geological consultant (SINTAB/BERGAB) states that the experience from the
siting of Äspö and the site characterization has not yet been evaluated and reported. This
could make an important contribution towards the selection of methodology and methods
in preparation for the siting of a deep repository. SKI wishes to emphasize that a number
of conditions must be fulfilled when the application for a permit to conduct detailed char-
acterizations is submitted. These conditions include the following:

- that the value of pre-investigations is known

- that the value of and problems relating to detailed characterization.1 have been investi-
gated

- that a plan exists for how to carry out the construction in the rock which is to host the
repository, without causing damage to the rock.

In SKI's view, there will hardly be sufficient time to make the necessary transfer of ex-
perience gained from Äspö to the sites for detailed characterization, since no comprehen-
sive report on the investigation methods used and results obtained is as yet available.

8.3 RESULTS FROM THE PRE-INVESTIGATION PHASE

8 .3 .1 Work Carried Out

The pre-investigation phase which was carried out between 1986-1990, the purpose of
which was specified in R&D Programme 86 and 89, was divided into three stages: the
siting stage, the site description stage and the prediction stage. SKB considers that the
goals which were established for the pre-investigation phase have been fulfilled and that
the goals for the construction stage are in the process of being realized.

The pre-investigation phase was concluded with the prediction stage, which resulted in
the publication of four technical reports. Stanfors et al., 1991 provides a summary of
methods and methodology used in the project. At this point, SKI would like to point out
that no comprehensive analysis has been documented with regard to the theoretical back-
ground of different methods and their usefulness or the practical results obtained and their



192

relevance, besides what has been reported in Wikberg et al., 1991. This point is also
made bv SINTAB/BERGAB.

8.3.2 Results of the Pre-Investigations

The result of the siting stage shows that the bedrock within the Simpevarp area mainly
consists of granite (Småland granite) with inclusions of basic rock types, greenstones. A
dominant, orthogonal system of fractures and fracture zones in the N-S and E-W direc-
tion is believed to exist. There are probably also flat, sub-horizontal structures. Both
Äspö and Laxemar were judged to be suitable sites for a laboratory.

Based on SKB's investigations in the Oskarshamn region between 1986-1990. and the
characterization of the region, a conceptual model has been presented. Based on SKB's
geological, hydrogeological and geophysical measurements and interpreted data as well
as its own additional investigations. SKN has developed an alternative regional model
(Palmqvist and Olsson, 1991). SKN's model includes sub-horizontal thrust faults
(fracture zones) as an essential geological element, which is probably also important to
the groundwater movement. Within SKI's ongoing safety assessment project. SITE-94,
additional, alternative models based on the data SKB has collected during the pre-investi-
gation stage, are also being formulated.

It would be desirable if SKB, to a greater extent than before, could study alternative in-
terpretations i models) of Äspö and discuss whether any particular interpretation could
actually be considered to be more solidly supported by data than any other. So far SKB
has not reported any such comparisons. It cannot be assumed, in advance, that such a
comparison would show that a certain model (e.g. the SKN model) is superior or inferior
to SKB's own model. However, comparison is important, since it would illustrate the
uncertainties associated with the site characterization.

SKI also wishes to stress the importance of carrying out the pre-investigations in a logical
and sequential manner, which means that the geological and tectonic mapping from the
surface must be carried out, documented and evaluated before drilling is started. This
must be done in order to confirm any zones which may occur. Furthermore, it is less
suitable to, e.g. carry out test pumping and other hydrogeological tests in boreholes while
drilling is in progress in other holes in the vicinity. In all major projects, it is of the ut-
most importance that the sub-activities in the programme should be integrated in order to
be able to draw maximum benefit from specialist knowledge and to avoid any misunder-
standings while the project is in progress which could considerably affect the evaluation
of results.

Furthermore, in SKI's view, a correct, regional description of an area is a decisive factor
for being able to intepret and describe the conditions existing within a sub-area.
Furthermore, geological and hydrogeological knowledge of the region is necessary in
order to establish the characters of zones which arc considered as boundary conditions
for a repository. SKN's proposed regional model is an example of how Äspö can be
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placed in a regional geological and hydrogeological context. It is also important that SKB
should specify exactly how. on the basis of regional data, it identified Äspö and Laxemar
as suitable sites, and why Äspö was preferable to Laxemar. This is an important question
for future work within the programme, since the experience from investigations on the
regional and local scale will be used in the siting process.

SKI's consultant, SINTAB/BERGAB maintains that SKB must be cautious when draw-
ing conclusions about the hydraulic conductivity of different rock types, based on re-
gional well data. The hydraulic conductivity is estimated on the basis of a stated value for
the specific capacity (Liedholm, 1987 and Wikberg et al.. 1991; page 55 ff) which is
based on wells which are sunk for the purpose of supplying water for dwellings, usually
located in or in the vicinity of valleys. The quality of the data is relatively uncertain and
the extent to which it can be considered to be representative is misleading. In the best
cases, the wells reflect flows (specific capacity) in rock relatively close to the surface.
The approach used when extrapolating the surface conductivity of the bedrock to large
depths - on a regional scale - is not described. Thus, SKI advises SKB to be very wary
of reaching any far-reaching conclusions regarding the regional groundwater flow at great
depths, on the basis of well data.

In summary, SKI wishes to recommend SKB to start to compile, as soon as possible, the
experience which has been gained with regard to investigation methods used in connec-
tion with the successive development of the prediction models. This recommendation was
also made by SKN in connection with its evaluation of R&D Programme 89.
Conclusions from pre-investigations are closely connected to the issue of validation (see
next section) and, therefore, these issues should be reported together.

8.3.3 Verification of Pre-investigations - Validation

SKB has described the properties of the bedrock with the aid of models and has reported
these properties on different scales. Based on the pre-investigations, predictions of the
bedrock at Äspö were compiled for the entire tunnel length. The pre-investigation
methods would be verified and the models validated by comparing the predictions with
measurements from the tunnel. According to SKB, the validation process for the Äspö
Hard Rock Laboratory contains three essential elements:

- a systematic comparison of prediction and outcome

- a careful examination of the underlying structures and processes

- a (subjective) judgement of whether the prediction is good enough.

At this point, SKI wishes to emphasize that SKB's description of validation is much too
limited. Validation cannot only be a question of comparing model calculations with
measured values. A comprehensive evaluation of whether the model correctly describes
the central issues must be made. An important question which must be answered is
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whether the field experiments have actually provided the information required to make the
predictions of groundwater conditions, with the aid of the model, which are essential for
repository performance. SKI has previously stated that a thorough critical evaluation
should be made of the expected strength and weakness of each prediction made, based on
how the prediction has been developed on the basis of the investigation data. It is also
important to put the uncertainties into perspective by analyzing their importance within the
safety assessment.

SKB has compiled a separate prediction report (Gustafsson et al.. 1991) where expected
results for different geometric scales are presented per subject area. The predictions have
covered the position of large fracture zones, the hydraulic conditions around the tunnel,
the change in groundwater chemistry etc. So far, the quality of the predictions has been
controlled for a sub-stage comprising the first 700 m of the access tunnel. In SKB's
view, the prediction was based on relatively limited investigations (Stanfors et al., 1992).
SKB considers that the scientific reference group for the project (Scientific Advisory
Committee, SAC) has judged the outcome to be relatively favourable, taking into con-
sideration the limited investigations.

SKI does not share SKB's and the reference group's view that the outcome is favourable
in relation to the work carried out. In certain cases, the agreement between prediction and
the outcome can only be regarded as poor. For example, the deviation for the rock type
distribution between different granitic rocks is significant as well as the prediction and
outcome, especially for sub-horizontal fractures. Where predicted zones have not been
located, it is stated that they do not occur at tunnel depth below the surface, while no
comment is given for fracture zones which have been documented but not predicted.

SKB's classification as a measure of how well fracture zones have been predicted
(Olsson, 1992) makes it difficult to follow up the predictions. The prediction is con-
sidered certain when the documented position of the zone is within 50% of the tunnel
depth. The prediction is considered probable when the documented position is within 50-
100% of the tunnel depth. In SKI's and BERGAB's view (Palmqvist, 1992a), this is a
completely unreasonable classification, since this would mean that a fracture zone which,
at a tunnel depth of 200 m, occurs 100 m from a predicted zone position, would be con-
sidered to be certain. Correspondingly, a fracture zone observed 200 m from its predicted
position would be considered to be probable. Furthermore, fracture zones of up to 30 m
in width have not been distinguished in detail in the documentation, but have simply been
classified as fracture zones. Since neither topographical nor geophysical indications in
boreholes have been found with such a width, it becomes difficult to make meaningful
comparisons.

SKI recommends SKB to develop its validation strategy and to apply this developed
strategy within the Äspö project. (See Chapter 6, Safety Assessment and Chapter 7,
Supporting R&D). In order for the work at Äspö to attain a high level of quality and cred-
ibility, the evaluation of the results of the project could also be carried out by other ex-
perts - not only those who have made the predictions. This work should be reported
openly and published openly in scientific publications.
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8.3.4 Models for Groundwater Flow and Radionuclide Migration

In general, an essential purpose of the hydrogeological investigations is to test the ability
to make predictions of groundwater flow which, after spent fuel deposition and plugging,
will surround the repository and canisters. The characterization and modelling of Aspo's
complex water-bearing systems have followed two main principles. The large structures,
such as conductive fracture zones, have been identified and modelled using a determi-
nistic approach, while any rock occurring between the zones has been handled as a
stochastic continuum. Although different modelling approaches have been tested, most of
the calculations have been carried out using PHOENICS. the general, hydromechanical
computer code.

In the view of the University of Gothenburg, there is an obvious difference between the
fracture zone interpretation in SKB's description (Wikberg et al., 1991) and in SKN's
model (Palmqvist et al., 1992). Furthermore, differences can also be found in the hydro-
geological description. The University wonders why the interpretations are different and
considers that this question has not been fully resolved.

In SKI's view, SKB has not, so far, seriously tested different model descriptions of
Äspö, and thereby, has not studied how uncertainties in interpretations affect uncertain-
ties in predictions of groundwater flow and transport. In this context, it should be noted
that the concept of different numerical models includes more than just different numerical
codes. For example, at a certain point in the project, SKB commissioned two different
groups to carry out model calculations and these two groups worked with the same con-
ceptual model.

SKI also wishes to point out that a regular stochastic continuum simulation has not been
carried out at Äspö. Estimates of geostatistical parameters (variogrammes). which de-
scribe the correlation structure of the permeability distribution, have not been reported.
Instead, SKB has selected an arbitrary block size, which indirectly provides a certain cor-
relation structure without any close connection to experimental data. Furthermore, only
one realization has been generated and analyzed. SKB is recommended to use available
methods for stochastic continuum analysis, e.g. the method developed by SKB within
SKB 91.

The boundary conditions established in SKB's analysis can also be criticized. With the
present boundary conditions, the groundwater flow at Äspö is determined exclusively on
the basis of the local topography. SKB has carried out very few regional analyses of the
flow, and those that have been carried out clearly indicate the influence of the regional
groundwater flow. If a regional horizontal fracture zone is located under Äspö, it is prob-
able that this effect will predominate.

In conclusion, SKI wishes to emphasize the need for analyzing different models. This
applies to variations within SKB's structural model, e.g. boundary conditions, position
or properties of fracture zones as well as to different conceptual basic models. At this
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point. SKI wishes to point out that the stochastic continuum is only one alternative model
description. Other hypotheses should also be tested.

8.4 CONSTRUCTION PHASE - PROGRAMME AND
RESULTS

8.4.1 Technical Programme for 1992-1994

The excavation of the access tunnel, which was started on October 1. 1990. has been di-
vided into two stages, where Stage I involves excavation to a depth of about 330 m. cor-
responding to the first turn of the spiral, while Stage 2 comprises the remaining excava-
tion to a depth of 460 m - the second turn of the spiral - corresponding to a total tunnel
length of just over 3 400 m. According to SKB, the excavation in Stage 2 will be based
on a new strategy, which involves testing methodology for successive characterization
and design, known as "design-as-you-go".

In SKB's R&D Programme 89, a 6-month halt in tunnel excavation was planned between
Stage 1 and Stage 2. According to SKB, this is not necessary, since the work is now
being carried out more flexibly than was originally planned. Instead of compiling a major
report/evaluation, several smaller reports are now being planned. Part of the data collec-
tion and methodology evaluation which SKB planned to carry out during the halt in exca-
vation between Stage 1 and Stage 2 has been scheduled for an earlier date.

SKB's programme does not specify which minor reports it intends to compile.
Furthermore, the programme does not specify which data collection and methodology
evaluation will be scheduled for an earlier date. Thus, SKI recommends SKB to set aside
sufficient time between Stage 1 and Stage 2 to make the necessary feedback between cal-
culations, evaluation and any new measurement programmes based on experience gained.
This time should also be used to evaluate predictions of the 1 475 m to 2 540 m tunnel
length before Stage 2 is started. Results and experience from work relating to the feasi-
bility of construction, such as blasting, rock reinforcement and grouting should be care-
fully evaluated and, when necessary, re-evaluated before excavation of the second turn of
the spiral is started. An integrated evaluation of Stage 1 should not only be a request on
SKI's part but a necessity for SKB.

Furthermore, SKI considers that the description of the plans for the 1992-1994 construc-
tion phase are limited in scope, in comparison with the operating phase and that it would
have been appropriate to have updated these plans in comparison with the plans described
in R&D 89. In addition, it is of the utmost importance to define goals in advance. In real-
ity, SKB's currently selected strategy - "design-as-you-go" - will make higher demands
on advance preparation and planning of work than the previous, step-by-step approach.
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8.4.2 Verify Pre-Investigation Methods • Validation

SKB considers that the amount of data collected during Stage I is sufficient to allow, to a
great extent, the conceptual model of Äspö to be tested and corresponding predictions to
be made. SKB also considers that the amount of data is sufficient to allow the evaluation
to be made of investigation methods which, according to SKB, should be used in the
siting programme.

SKI questions the claim that the amount of data collected during Stage 1 is sufficient to
enable the conceptual model of Äspö to be tested and to enable the validation work to be
completed as well as to enable the evaluation of investigation methods which are intended
to be used in the siting programme/deep repository programme. In order to attain the goal
of verifying pre-investigations, SKB must develop its approach to validation, earn- out a
comprehensive analysis of data collected with the help of different models and ap-
proaches and report the results. This point was already made in the previous section.

8.4.3 Establish Detailed Characterization Methodology

An important task, which has been initiated within the construction phase, is the devel-
opment of methodology for detailed characterizations. However, in general. SKI empha-
sizes that investigations from tunnels also need to be interpreted and that this interpreta-
tion is not obvious. See Section 7.8, Methods and Instruments, Supporting R&D. for
further discussion. However, at this point. SKI wishes to deal with a number of more
specific issues.

Documentation and Data Collection

A documentation group takes care of the day-to-day documentation which covers geo-
logy, rock mechanics, geohydrology and water chemistry in the tunnel after each excava-
tion. The measurement of the groundwater head and flow are conducted on-line, using an
automated central data collection system for the Äspö Hard Rock Laboratory (HMS,
Hydro Monitoring System).

In SKI's view, the on-line data collection system is valuable and will comprise a unique
database. However, SKB must develop a methodology for evaluating data "on-line", e.g.
continuous model updating. Bearing in mind the objections to SKB's documentation of
fracture zones which were previously made, SKI is also of the opinion that SKB must
review the manner in which the documentation is to be carried out.

Blasting Damage at Tunnel Wall

In its examination of the pre-investigation phase of the Äspö Hard Rock Laboratory.
SKN stated that the damaged zone that arises in connection with blasting should he
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studied in relatively close detail. Three different blasting procedures have now been tested
in the tunnel. SKB's conclusions from the tests are:

- it is possible to measure the blasting damage

- the precision of the drilling and local geological conditions can be of just as great im-
portance as the charging of the contour holes for the extent of the damaged zone

- in practical blasting, a damaged zone of 0.3-0.5 m is created in walls and roof, and 1 -
1.5 m in the tunnel floor.

The results have been presented in five SKB Progress Reports (Christiansson and
Hamberger. 1991 - Olsson. 1991 - Ouchterlony et al.. 1991 - Kornfält et al.. 1991 and
Nilsson. 1991) which were examined by BERGAB on behalf of SKN (Palmqvist,
1992b). Three different drilling and charging levels were used in connection with the ex-
periments at the Äspö Hard Rock Laboratory where one of the charging levels was
adapted for mild blasting. See Appendix 2 of SINTAB/BERGABs consultancy report
for design details and detailed comments.

With regard to Ouchterlony. 1991 and others. BERGAB is of the opinion that the data
collection was less successful, and as a consequence, SKB's conclusions from the ex-
periment can be called into question. Furthermore, in BERGAB's view, neither the main
goals of the investigations - to measure the extension of the damaged zones and to charac-
terize the damaged zone around the tunnel contour - nor the sub-goals - to test/develop a
number of measurement methods for the characterization of blasting damage as well as to
compare results with current prognosis formulae for the depth of the damaged zone -
have been achieved.

It is important to limit the extension of the damaged zone so as not to make it difficult to
carry out experiments and the interpretation of measurement results. The "disturbed zone"
may also be important from the standpoint of safety. In different contexts, SKN as well
as SKI have stated that it should be important for SKB to carry out new studies of
blasting damage in connection with different blasting processes and to try to find reliable
measurement methods for determining the damaged zone. In connection with new
blasting damage experiments, it is important for SKB, prior to the experiments, to take
into account SKB's own as well as international experience within this area. The
planning of experiments should include theoretical pre-studies and a careful evaluation of
methods to attain the highest level of quality and to draw maximum benefit from the ex-
periments. In order to provide a basis for the disturbed zone experiments that SKB is
planning to conduct during the operating stage, it is important that studies should also be
carried out during the construction stage.
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Passage of Zones

A special study has been carried out on the development of methodology for the passage
of fracture zones and investigation work relating to tr>. subject. Two distinct zones have
been penetrated on the passage to Äspö - zones EW-7 and NE-1. A number of sub-goals
were formulated for the controlled passage of the zones. The sub-goals included the exact
positioning of fracture zones, the characterization of zones and controlled pre-grouting -
primarily with regard to the spreading of the grout. The passage of NE-1 meant that the
large quantities of water and high water pressures which were encountered required com-
prehensive sealing and reinforcement in order to safely pass the zones with the tunnel.
From the zone passage, SKB has drawn the conclusion that the method of passing large
water-bearing zones at a great depth (about 180 m) with high water pressure must be de-
veloped.

SKB's experience of the passage of zone EW-7 did not turn out as SKB had planned.
The fractures where it was planned to carry out tests were sealed through excessive
grouting. The reason for this failure can probably be attributed to the fact that SKB and
the consultants and engineers responsible were unprepared for what would happen
during the passage of highly water-bearing zones. This may have been due to poor
planning by SKB which failed to take sufficient advantage of the expertise available from
the large number of commercial rock engineering projects (with grouting) which have
been carried out in Sweden.

In its 1990 evaluation report (SKN, 1990; page 13), under the heading of chemical trans-
port, SKN stated that before the work on the Hard Rock Laboratory was started, SKB
should analyze and assess which geochemical changes could occur as a result of the con-
struction and operation of the repository, e.g. as a result of grouting or a lowering of the
groundwater level. Furthermore, SKN stated that SKB should also specify what
measures it intends to adopt to ensure that the rock remains sufficiently undisturbed.

In SKI's view, it is very important that SKB, with the experience it has now gained from
zone passage, should invest additional resources into improving the grouting and blasting
methods required to pass fracture zones at great depths ar.d, preferably, carry out new
experiments before the operating phase.

8.5 PROGRAMME FOR THE OPERATING PHASE

8 .5 .1 Experimental Programme 1995-1998

After the construction phase, the operating phase will be initiated. RD&D Programme 92
describes a comprehensive experimental programme for the 1995-1998 period.
According to the plans, the previously mentioned stage goals test models for groundwater
flow and radionuclide migration, demonstrate construction and handling methods and test
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important parts of the repository system will be fulfilled during the operating phase. The
goals have been further developed as follows:

- qualitative and quantitative description of physical and chemical processes that are of
importance for the performance and safety of the repository

- methodology for adapting the repository to the local properties of the rock

- demonstration and validation of technology for pre-investigation, detailed characteri-
zation as well as construction and handling.

In SKB's view, these activities will overlap each other as the programme is being con-
ducted. For example, research on the processes which determine radionuclide transport
through the rock is dependent upon the methods available for characterizing the rock.
Similarly, the methodology for adapting the repository to the rock is dependent upon the
available pre-investigation methods and the relative importance of different transport pro-
cesses.

In the view of the National Defence Research Institute, the operating phase of the Äspö
Hard Rock Laboratory should provide a unique opportunity for experiments to, e.g. ver-
ify models and test methods which will be used for the repository. The Institute considers
this to be a very positive initiative. Chalmers University of Technology emphasizes that
considerable resources are being invested into experiments concerning the bedrock at
Äspö and cautions against this, to a certain extent. The reason given is that the rock data,
as opposed to data from materials research, are always site-specific, and consequently,
parameter values from Äspö can. ot be automatically assumed to apply to another site in
the bedrock. Thus, the University is questioning why such sizeable resources are being
invested into a single site (not the repository site) since the methods for geological
evaluation developed at Äspö will have to be adapted to that particular site. In the view of
the University, the same criticism applies to the models for groundwater flow. Otto
Brotzen has also criticized this. These comments are provided in Section 8.2.

In SKI's view, the planned experiments are of a considerable breadth and represent a
high level of ambition. Understandably, the presentation of the planned experiments, at
this stage, is relatively general. Naturally, one deficiency is that SKB has failed to specify
a clear order of priorities as well as to specify which experiments will be carried out
where and when or whether the planned analyses will provide a complete support for,
and will be integrated into, SKB's other R&D work. Even if the programme is ambi-
tious, a well-structured programme for investigating the stability of the rock (rock stress
measurements) is also lacking. In SKI's view, conducting such a programme during the
operating phase is warranted. From the standpoint of time and resources, the programme
appears to be rather optimistic and it will probably be necessary to prioritize different ac-
tivities. Justification for the prioritization of different activities must be provided.
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8.5.2 Coordination with SKB's Other Activities

SKI discusses the need for coordination with SKB's other activities in Section 8.2. The
need for such coordination is especially tangible with regard to the operating phase, since
the deep repository project will be at a very active stage during that time. At the same
time, the possibility of coordination should also be greater since the operating phase is
more distant in time. SKI particularly wishes to emphasize the importance of prioritizing
the activities on the basis of the needs which arise from the standpoint of an integrated
safety assessment. The role of the Äspö project, as a supplier for other projects, may also
need to be reinforced. It is the needs, especially within the deep repository project, which
must determine what is done at Äspö and how. The goals of the Äspö project should,
primarily, be to construct the laboratory and supply the desired information to the other
projects within SKB. Thus, the time-schedules and goals which have currently been for-
mulated for the operating phase must not be allowed to control the activities. It must be
possible to revise the plans extensively whenever needs become apparent.

In SKI's view, SKB should review its distribution of resources and planned work on the
basis of the RD&D Programme 92, and decide whether to prioritize the resources allo-
cated to the Äspö Hard Rock Laboratory differently, in relation to SKB's other R&D and
RD&D work. Long-term experiments on Äspö may have to be started relatively soon as
well as tests which are directly applicable to the siting of the deep repository. It should
also be possible to carry out some of the experiments which have been planned for the
Äspö Hard Rock Laboratory in the deep repository, bearing in mind the fact that the ex-
periments and results from these experiments will be site-specific.

8.5.3 Planning of Experiments

Extensive experiments have, at present, already been carried out in underground labora-
tories in different parts of the world. SKI wishes to emphasize that SKB should study the
experience gained from these experiments in order to avoid unnecessary errors or unsuit-
able experimental design. Based on the results obtained so far, SKB should identify
which of the questions that have been studied have been satisfactorily resolved and which
questions the experiments have been less successful in resolving. With this as a basis,
SKB could have more clearly and justifiably specified why planned experiments must be
carried out in the way that SKB has specified. This would probably also have made it
easier for the reader to establish the relevance of planned experiments. In this context, it
may be also mentioned that SKN, in Report 59 (Hardin, 1992) "Survey of In-Situ
Testing at Underground Laboratories", has made a survey of experience from experimen-
tal programmes and planned experiments at Stripa, Grimsel, URL, Climax and Yucca
Mountain etc.

Modelling is another important means of planning experiments. SKB's approach to
modelling must be developed. Ideally, modelling and experiments should be an integrated
and iterative process. By modelling a possible experimental design, where different con-
ceptual models for the hydraulic and chemical properties of the rock are postulated, it is
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possible to study whether the parameters or effects which are being sought can actually
be observed.

In SKI's opinion, it is positive and important that SKB is studying different possibilities
of carrying out long-term tests at the Äspö Hard Rock Laboratory.

SKI assumes that SKB, before starting the experiments, will publish its plans for con-
ducting the experiments in a suitable report format. These reports should also contain a
model-based assessment of the experiment, as specified above. Each experiment requires
thorough planning so as to avoid disturbances from the site and other experiments. In the
view of SKI's consultant, SINTAB/BERGAB, experience from Stripa indicates that this
problem has been considerably underestimated.

8.5.4 Methodology for Detailed Characterizations

SKI observes that the planned programme for the operating phase is comprehensive, with
partially nev.lv developed experimental methods. In SKI's view, this activity should be
an important step in the development of detailed characterization methodology by SKB.
In order to succeed with the programme, SKB must identify the need for method and in-
strument development, at an early stage.

An important question to resolve in this context, is the level of certainty with which frac-
tures and zones with different orientations and characters can be identified with a given
distance from an investigation hole, deposition hole or tunnel. SKI wishes to emphasize
that conventional tunnel mapping cf the type already being applied at Äspö is useful,
provided that a careful identification and differentiation of fracture zones is carried out in
tunnels as well as pilot holes. Although this will provide important information, it will
probably not be sufficient. The development of seismic measurement methods and radar
equipment must be given high priority in order to identify fracture zones in boreholes as
well as in the rest of the bedrock. Further comments on this topic are provided in Chapter
7, Supporting R&D, Section 7.8, Methods and Instruments.

8.5.5 Documentation

SKI is of the firm opinion that the comprehensive reporting from Äspö should be recur-
rently published in integrated reports, such as Technical Reports, to a greater extent than
has been done so far (6 Technical Reports have been published) instead of in Progress
Reports (112 Progress Reports have been published) and that the results should also be
subjected to international peer review through publication in scientific journals.
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8.6 GROUND WATER FLOW AND RADIONUCLIDE
MIGRATION

8.6.1 Background

At Stripa. Finnsjön and Äspö, hydraulic properties of fracture zones have been investi-
gated through interference tests. This has provided knowledge on the heterogeneity of the
fracture zones and their hydraulic relationship over distances of a few hundred metres. In
SKB's view, the borehole radar and borehole seismic methods have considerably im-
proved the possibility of carrying out reliable structural descriptions of large rock vol-
umes. Together with the development of hydraulic measurement and modelling methods,
SKB states that this has considerably improved the understanding of ground water flow
and flowpaths in a fractured rock mass.

Tracer tests to investigate the transport of solutes in rock have been conducted at
Studsvik, Finnsjön, Stripa and the Äspö Hard Rock Laboratory. In spite of the fact that
several tracer tests have been carried out so far, relatively few in-situ data exist on im-
portant transport parameters such as flow porosity, dispersion and matrix diffusion as
well as on the available fracture surface for radionuclide sorption (known as the wet sur-
face).

SINTAB/BERGAB and others point out that experience from tracer tests generally indi-
cate that the understanding of phenomena such as scale effects is inadequate, and that
tests which have been carried out with inadequate control of boundary conditions have
not yielded useful results. SKI emphasizes that it does not appear to be meaningful to
carry out tracer tests if these tests are not designed so that they really provide information
on the transport properties of the rock, which is of interest. A thorough analysis of ex-
perience gained so far from tracer tests from, e.g. Grimsel as well as in-depth model-
based assessments of SKB's own proposals for tracer tests are recommended.

8.6.2 Tests on a Detailed Scale

According to SKB, the purpose of in-situ experiments on a detailed and block scale is to
obtain data which quantitatively describe the various processes and their relative import-
ance in different fractures and flow processes.

Flow, wet surfaces, constant distribution coefficients (Kd) and diffusivity are the import-
ant parameters. SKB also maintains that it is difficult to obtain data for the wet surface,
i.e. the fracture surface which is in contact with the water flow. A direct measurement of
the wet surface requires that a sorbing tracer element and/or some type of pigment or gel
should be injected into a fracture, which is then carefully excavated. Experiments of this
type are time-consuming and costly and can, according to SKB, only be carried out to a
very limited extent in connection with detailed characterizations of a future repository. In
this context, it should be noted that pre-modelling is especially important in connection
with tracer tests using sorbing tracer elements. For example, a longer test time than usual



204

(10 years instead of 2) might provide a new opportunity to study matrix diffusion for
weakly sorbing elements.

In SKI's view, it is important to carry out the hydraulic characterization before starting
experiments, since the groundwater flow is one of the most important transport para-
meters. The breakthrough of tracer elements should be measured at different points, as
was the case at Grimsei. Furthermore, it is important to obtain support for experiments
from laboratory tests in the way SKB proposes. It is also important to study whether lab
parameters such as K<j, matrix diffusivity and locally measured wet surfaces on exca-
vated fractures can be scaled up to the experiment scale. It is also difficult to see how
tracer tests with non-sorbing tracer elements could provide any information on the wet
surface. Assessments within INTRAVAL indicate the opposite. In SKI's view, it is im-
portant for SKB to show, before the experiments are started and with the help of model-
based studies, that the experiments really can yield interesting results. In SKI's opinion,
it is also important that the methods for directly establishing the extent of the flow channel
should be tested and refined before they are applied in situ.

8.6.3 Tests on a Block Scale

According to SKB's current concept, a future repository will be designed in such a way
so as to avoid large water-bearing zones. Canisters containing the spent nuclear fuel will
be emplaced in the "good" rock at a suitable distance from minor water-bearing zones.
The purpose of carrying out tests on a block-scale is to characterize such minor water-
bearing zones and their connection to the fracture system in the surrounding good rock.

In SKI's view, it is important to show that no water-bearing sections have been missed
and (perhaps) less important to exactly characterize the groundwater flow and transport in
a minor fracture zone or an extensive water-bearing fracture. The purpose of tests on a
block scale could be, e.g. to determine the extent to which identified areas with a some-
what higher water conductivity can be accepted, and to determine whether the areas are
connected to any "dangerous" channel which would render the positioning of the canis-
ters unacceptable. According to the plans, the tests must be carried out with non-sorbing
and weakly-sorbing tracers which are injected into a few boreholes. For reasons pre-
viously mentioned, SKI emphasizes the importance of pre-modelling the tests in order to
test and evaluate the test design.

8.6.4 Tests on a Site Scale

One of the goals of this sub-project is, according to SKB, to obtain data in order to better
determine the minimum distance required to local fracture zones, based on the site-speci-
fic transport properties. This project will also test SKB's ability to detect and characterize
local fracture zones. The subject of investigation in this sub-project is a local fracture
zone which extends more than 200 m. In SKB's view, a suitable subject for investigation
is probably the system of permeable fracture zones with a north-northwesterly strike
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which was identified during the course of the pre-investigation phase of the Äspö project.
The experimental volume is situated at a depth of between 220 and 330 m in order to re-
duce disturbances of groundwater chemistry at the laboratory's deeper levels.

In SKI's view, it is dubious whether this system of permeable fracture zones is a suitable
subject for this investigation, bearing in mind the difficulties associated with the charac-
terization of me zones. On the other hand, it is positive that SKB has not chosen to only
study a major fracture zone, since the entire site scale must be investigated. It is of par-
ticular interest to study the interaction between the "good rock" and the fracture zones. In
this respect, SKB must develop an overall model for groundwater flow and transport in a
rock volume which contains a major fracture zone. In addition, SKB must formulate dif-
ferent hypotheses as regards whether or not there are hidden fracture zones with channels
in the good rock. It is necessary to set up a detailed project plan in the form of pre-
modelling, test design, measurement and evaluation, which has also partially been im-
plied in SKB's design proposal.

8.6.5 Tests in Regional Fracture Zones

The siting of a future deep repository may occur in a rock block, surrounded by major
regional fracture zones. In SKB's view, future tectonic movements will primarily occur
in the major fracture zones. The goal of the tests in regional fracture zones is to obtain
data for the validation of models for groundwater flow and transport in regional and sub-
regional fracture zones. The subjects of investigation are the NE-1 and EW-3 fracture
zones, which were identified during the pre-investigation phase of the Äspö project. NE-
1 is a highly transmissive (permeable) regional fracture zone, located south of Äspö,
while EW-3 is a local fracture zone which intersects southern Äspö.

One essential question in this project is the extent to which the grout applied during the
construction phase - a total of 83 000 1 during the passage of NE-1 - has affected/will
affect the possibility of carrying out the planned tracer tests and interpreting the results.
Perhaps to the most essential question is the extent to which the water chemistry in the
laboratory has been affected by this. SKB should establish and provide an account of
these questions when it plans and conducts the test.

8.6.6 Radionuclide Retention

SKB states that laboratory investigations for validating models and parameters used to
describe radionuclide behaviour has been in progress for ten years. Since some of the
natural phenomena are difficult, or impossible to simulate in the laboratory, an experi-
mental station with a chemical laboratory is planned to be located deep down in the Äspö
Hard Rock Laboratory. In SKB's view, this will enable SKB to access undisturbed
groundwater over a long period of time. Tests will be conducted in situ with the help of
special equipment - the CHEMLAB probe - which is currently being developed in coop-
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eration with the French CEA. The processes which SKB plans to study include redox re-
actions, radioly sis as well as the diffusion and sorption of radionuclides.

In connection with the chemical laboratory, SKB is also planning to conduct long-term
testing of materials and combinations of materials. SKB's goal is to validate models for
corrosion and other interactions between materials, e.g. for copper, iron, bentonite, con-
crete and combinations of these. Investigations into how the groundwater changes as a
result of backfilling and grouting have also been planned.

SKI supports these plans but, once again, recommends that SKB should carry out pre-
modelling and encourage close cooperation between experimentalists and modelling theo-
reticians. It is, naturally, also essential to establish the degree to which the conditions in
the natural environment can remain undisturbed for the long period of time during which
these tests will be conducted. (Comments on these issues have also been provided in
Section 7.6).

8.6.7 Redox Reactions

In SKB's view, the data obtained within SKB's investigations indicate that the ground-
water is reducing wherever it i* sampled in the bedrock. On the other hand, however, its
buffering capacity is low. In Sid's opinion, the claim that the groundwater is reducing
everywhere presents a somewhat simplified view. Whether or not the groundwater has
reducing properties is primarily dependent on the reactions which are involved and not
upon whether its redox potential is lower than a certain, given value. In addition, the
spread in measurement data could be considerable even though most of the deeper
groundwater that is investigated has a low redox potential.

Furthermore, SKI maintains that, in spite of the low redox capacity of the groundwater,
this cannot, in any case, be considered to be without importance. The occurrence of
groundwater with a relatively high redox capacity should be favourable and vice versa.
This is especially the case for restoring the "natural" conditions after the sealing of the re-
pository as well as for limiting the spread of any redox front which may arise around de-
position holes containing damaged canisters.

However, SKI agrees with SKB in that it is the redox capacity of the rock which is the
determining factor here. However, one factor which is difficult to determine is to what
extent and on what time scale the reducing rock minerals will be available. This is particu-
larly important for assessing the impact of a process whereby water containing oxygen
penetrates into the rock along fracture zones which, wholly or partially, have already be-
come oxidized along a "redox front" during the time that the repository has been open.
Therefore, it is commendable that SKB has taken the initiative to start testing in the Äspö
Hard Rock Laboratory to investigate the parameters which are important for the spread of
such a redox front in the rock. The factors which will be closely investigated include
channel formation and the "wet surface". The effect of colloid formation and co-precipi-
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tation on redox-sensitive nuclides as well as the effect of microbes will also be studied
within the framework of the redox test.

In SKI's view, these redox tests are very important. An interesting question in this re-
spect is how the grouting and sealing of zone EW-7 at tunnel section 0/700 could affect
the water chemistry.

(This issue is also discussed in Section 7.6, where the comments of the reviewing bodies
and consultants are reported).

8.6.8 Disturbed Zone around Drifts

It is well known that the excavation of a tunnel in fractured, crystalline bedrock will affect
the hydraulic properties immediately inside the tunnel wall. The reasons for this disturb-
ance have been interpreted as a re-distribution of stresses, blasting damage and chemical
reactions. SKB is planning to carry out experiments in the disturbed zone to understand
and explain these phenomena and to establish whether they will continue to exist once the
repository has been backfilled.
The properties and extent of the disturbed zone must be taken into account when inter-
preting the measurement data from a tunnel as well as when designing the repository and
analyzing its long-term safe performance. The disturbed zone around a drift or a deposi-
tion hole involves a change in the hydraulic properties of the rock. The disturbed zone
also involves a change in the mechanical properties of the rock, which could affect the
stability of drifts and rock cavities.

The properties and function of the disturbed zone have been investigated in situ over the
past few decades at the research laboratories at Stripa, URL in Canada, Grimsel in
Switzerland and at a few laboratories in the USA (Hardin, 1992). During 1991, a test
was carried out in the access tunnel of the Äspö Hard Rock Laboratory where the extent
and nature of blasting damage was studied as a function of different blasting plans.

In SKB's view, due to the complexity of the disturbed zone and in order to be able to
describe the different processes and experimentally verify quantitative relationships, it is
of the utmost importance to separate different processes and to study them independently,
as far as possible. First of all, the effect of degassing and two-phase flow will be investi-
gated and, at a later stage, more comprehensive experiments will be carried out, where
the hydraulic and mechanical properties in the rock mass will be studied in connection
with the drilling of a simulated deposition drift. According to SKB, only when further
knowledge has been obtained with regard to ihe mechanical and hydraulic changes
around a drilled drift, can there be reason to design and carry out an experiment to study
the impact of blasting.

SKI agrees that the disturbed zone is the combined effect of the blasting method and the
shape of the tunnel. Furthermore, multi-phase flow as well as hydrochemical phenomena
will redistribute the groundwater flow around the tunnel. The latter effects will probably
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have the greatest impact on the possibility of carrying out detailed characterizations from
the tunnel, while the rock mechanical disturbance can be expected to be more long-
lasting.

SKI notes that the level of ambition for the test planning is high. The investigation of
two-phase flow is being carried out in the form of laboratory experiments and in-situ
testing. In addition, this phenomenon should be studied through modelling. Measurement
methods for the groundwater flow in unsaturated, fractured media should also be an area
where expertise is available outside SKB. It is desirable that SKB should, through
planned tests, attempt to determine the extent/impact of the disturbed zone as a function of
a number of design parameters (tunnel shape, tunnel size) and excavation method
(different blasting procedures, full-face drilling). Comments on methods for measuring
the disturbed zone, based on blasting damage tests carried out in the Äspö tunnel are re-
ported in the report of SKI's consultant, SINTAB/BERGAB, in Appendix 2.

Results of planned tests from the disturbed zone are required before detailed characteri-
zations can be started in 1997, at the earliest, within the framework of the deep repository
project. This means that there will be a very narrow time margin from the start of the op-
erating phase in 1995 until 1997, if SKB wishes to benefit from the results obtained in
the further detailed work on the deep repository.

8.6.9 Modelling of Groundwater Flow and Radionuclide Migration

Numerical modelling of, for example, proundwater flow has been an integral part of the
activities carried out at the Äspö Hard Rock Laboratory, from the very beginning. The
processes which have, so far, been modelled within the Äspö project are, above all, the
groundwater flow and, to a certain extent, the transport of non-sorbing solutes.
According to SKB, the transport of sorbing tracers (radionuclide migration) and the
movement of chemical fronts are next in line for numerical modelling within the frame-
work of the Äspö project.

The modelling is connected with the Äspö Hard Rock Laboratory's stage goal of refining
and testing, on a large scale, methods for describing groundwater flow and radionuclide
migration. The tests include the combined pump and tracer test, LPT2, tests on a detailed,
block and site scale, tests in regional fracture systems, redox reactions as well as modell-
ing of the disturbed zone around the tunnel.

SKI wishes to draw SKB's attention to the fact that modelling can hardly be considered
to be a separate activity, independent from measurements and other knowledge acquisi-
tion. Modelling is an instrument for acquiring knowledge. Very few of the rock's para-
meters can be "measured directly". Therefore, all measurements and measurement results
are the result of different types of model adaptation. In particular, it must be noted that
modelling can also be used for the planning of experiments. However, the development
of numerical calculational codes can hardly be a natural part of the Äspö project. Instead,
this should be a part of the supporting R&D work.
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When analyzing LPT2 and other planned tests, it is important to test different conceptual
models while the testing of different modelling methods (different codes) must be of les-
ser interest. The guidelines which have been proposed for the modelling programme for
the disturbed zone should also include rock mechanical calculations/studies.

8.7 CONSTRUCTION AND HANDLING METHODS

8.7.1 Background

According to SKB, important components of a repository are, e.g. sealing plugs for
shafts, boreholes or tunnels, grouting shields for the diversion of mobile groundwater
and tunnel fill. All these components must fulfill a minimum level of quality in order to
ensure that the repository, as a whole, fulfills the safety requirements. Thus, before the
application for a construction permit is submitted, it is important to show that this mini-
mum level of quality can met. Before the repository is extended, SKB should be able to
demonstrate different methods for excavating tunnels and deposition holes, e.g. blasting
or full-face drilling.

8.7.2 Possible Development Work

SKB describes six activities: methodology for the selection of the location of repository
tunnels and canister positions, grouting and sealing of water-bearing zones, testing of
machinery, testing of deposition, testing of backfilling with bentonite/sand mixtures as
well as testing of plugging of drifts.

Under the heading of methodology for the selection of the location of repository tunnels
and canister positions, SKB proposes to further develop the "design-as-you-go" philos-
ophy which is being tested during the construction phase and to apply it within a
"repository area" where certain components in the repository (buffer-rock) can later be
demonstrated. SKB intends to adapt the deposition tunnels and canister holes to the pro-
perties of the rock. Under the heading of grouting and sealing of water-bearing zones,
SKB states that further tests and demonstrations are only needed with regard to the pass-
age of water-bearing fracture zones with high pressure.

The University of Stockholm notes that SKB is planning an intense development of
methods for backfilling boreholes, tunnels and shafts. However, the University finds that
a concrete description of planned work with regard to the refilling of shafts and any
ramps which connect the repository with the biosphere is lacking. It is known that bore-
holes, tunnel blasting etc. create "disturbed zones" where the conductivity has undergone
changes. Furthermore, in the view of the University, it is especially important to study
the contact surface between the backfill material in a vertical borehole or in a ramp in the
surrounding rock. Questions regarding how different forms of backfill and plugs will be
able to withstand glaciation and deglaciation effects such as pressure, thermal gradients
etc. and whether the permafrost, from a rock mechanical standpoint, will not have an un-
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expected effect on a backfilled ramp or borehole, connecting the repository with the sur-
face. Based on this, it is proposed that experimental studies should be carried out at an
early stage in order to ensure that no form of artificial "super channel" is created which
could jeopardize the performance of the rock as a barrier, by opening very rapid radio-
nuclide transport pathways from the repository to the surface.

Chalmers University of Technology questions the need for allocating such sizeable
resources to the demonstration of the rock engineering methods since much experience
can be gained from studying commercial rock engineering projects.

SKI agrees with SKB on the importance of developing different stages in the practical
handling of the deposition of canisters and backfill. Other important questions regarding
construction methods which must be answered before detailed characterizations are initi-
ated within the deep repository project (1977) are tunnel excavation methods, tunnel
shape and grouting methods. The occurrence of water-bearing "areas", fracture zones and
abnormal rock stresses are other important issues which must be resolved before a de-
tailed characterization can be conducted within the deep repository project. It cannot be
taken for granted that water-bearing areas are only related to identifiable fractures. The
fine-grained granites (aplite) at Äspö (Palmqvist et ah, 1992) which are water-bearing in
places are an example of this, since they cannot be correlated with fractures and fracture
zones in a simple manner.

Furthermore, in SKI's view, SKB could have invested more resources into the feedback
of experience from commercial rock engineering projects. At the same time, SKB must
be aware of the fact that the requirements on rock reinforcement and grouting in the Äspö
Hard Rock Laboratory cannot be directly compared with conventional tunnel and under-
ground rock projects for, e.g. gas storage. In the Äspö tunnel, SKB's goal is that the
grout must not be allowed to spread further from the tunnel profile than 10 m so as to
prevent any changes in and impact on the groundwater chemistry and the tests which
must be carried out. In addition, conventions! tunnels and rock cavities for storage arc
located relatively near to the surface, which means that there is a lower hydraulic pressure
in comparison with the Äspö tunnel. Considerable resources must be invested in develop-
ing methods for grouting in connection with the passage of water-bearing zones under
high hydraulic pressure.

SKI does not agree with SKB with regard to the claim that issues relating to grouting and
reinforcement have, largely, been resolved and that only certain work relating to zones
with high flow and pressure remains. Although methods for grouting and sealing are re-
latively well developed for application to superficial rock, they have not been tested with
regard to determining which effect is acceptable for long-term safety, especially from the
chemical standpoint. In addition, the requirements which should, and must, be made on
retrievability must be taken into consideration.

In the view of SKI's geological consultant SINTAB/BERGAB, bearing in mind the fact
that the time for starting work on the deep repository has now been brought forward, the
development of methodology for selecting the position of repository tunnels and canister
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positions as well as grouting and sealing of water-bearing zones will have to be prior-
itized. Two comprehensive and complicated test programmes, focussing heavily on de-
velopment and verification, are planned to cover this area. It is also likely that completely
new methods will have to be developed in order to fulfill the special requirements which
will be made. This applies to the requirements on the selection of position as a part of the
criteria for approved canister positions which will be defined as well as to sealing and
reinforcement measures in relation to retrievability. SKI agrees with this, and considers
that it is important that SKB should not underestimate the difficulties.

Before any other demonstration of construction and handling methods are carried out.
SKB should conduct an in-depth investigation into what consequences blasting as op-
posed to full-face drilling for tunnels and canister positions will have on the planned de-
velopment work. The results of the investigation should then be used as a guideline for
determining whether the proposed activities must be carried out for the design of the
blasting as well as the full-face drilling. As regards testing the backfilling using bentonite-
sand mixtures, it is obvious that considerable method development and new equipment
must be developed. The reason for this is the negative experience which has emerged
from the tests conducted at Stripa where considerable problems were encountered in con-
nection with the compaction of bentonite-sand mixtures in the upper part of the tunnel
profile. SKI considers that a description is lacking of the way in which drifts are to be
plugged and of whether SKB is planning to use concrete for the plugging of shafts, tun-
nels, boreholes and as grouting shields in the repository. For additional views, see the
discussion on deep disposal methods in Chapter 5.

8.8 TIME-SCHEDULE FOR THE OPERATING PHASE

According to SKB, »he research, development and demonstration work which has been
presented in the previous chapters corresponds to the needs which can be currently iden-
tified. The experimental programme whit i has now been planned will extend over a fif-
teen-year period. In the overall time-schedule for the operating phase of the Äspö Hard
Rock Laboratory, certain considerations and priorities have been made. The time-sched-
ule, as it is presented in Figure 7-1 in the report, extends from 1992 to 1998, where tests
on a detailed and block scale have been scheduled early on in the programme.

In SKI's view, certain research work in the operating phase will have to yield results be-
fore detailed characterizations can be initiated at a possible repository site. This particu-
larly applies to tests concerning the disturbed zone, where a basic evaluation must be
made with regard to the value of detailed investigations from tunnels and what informa-
tion such investigations can actually provide. Planned studies and results concerning rock
grouting should be scheduled early on in the programme. The deadline of the turn of the
century, proposed by SKB for starting the demonstration of construction and handling
methods, is much too late. Certain work must be started long before the year 2000.
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8.9 SUMMARY OF SKI'S EVALUATION

SKB's purpose in constructing the Äspö Laboratory is to create the possibility for re-
search, development and demonstration in a realistic and undisturbed rock environment at
a depth which is anticipated for the future deep repository. Before a site is selected for
detailed characterization, pre-investigation methods shall be verified and detailed charac-
terization methodology shall be established. To provide a basis for optimizing the deep
disposal system and for carrying out a safety assessment before the siting application is
submitted, SKB intends to test models for groundwater flow and radionuclide migration.
Before the deep repository is constructed, SKB wishes to demonstrate construction and
handling methods and test vital components in the repository system at the planned re-
pository depth and under representative conditions.

In SKI's view, the existing needs of the deep repository project generally justify the ac-
tivities being conducted at Äspö. However, SKI has comments to make regarding spec-
ified goals, feasibility and time-schedule.

SKI considers that SKB's goals of finalizing a methodology for pre-investigations and
detailed characterizations as well as developing and evaluating models are important.
However, in order to identify which information is important and which is less import-
ant, the project would benefit from a closer integration with a broadly-based safety as-
sessment.

In SKI's view. SKB's goals for each stage of work, i.e. testing models for groundwater
flow and radionuclide migration, are too limited. There are other issues, especially re-
lating to the mechanical and chemical stability of the rock, which are just as important,
which SKB describes in other parts of the RD&D programme.

SKB should analyze the cause of differences and disparities in the alternative regional and
local conceptual models for the structure of the rock, which it describes in the pro-
gramme. If SKB is to pursue work in this area, it is important that it should attempt to
confirm the correctness of its models, since the experience gained from the work on de-
veloping models is needed for the future siting process.

No evaluation of methods and methodology from the pre-investigation phase during
1986-1990 has yet been carried out. Measurement results and experience from the geo-
logical, geophysical and hydraulic measurement methods used need to be evaluated in
depth, since many measurement methods are indirect and require a comprehensive inter-
pretation of measured values/data.

SKB needs to conduct a thorough review of the validation process. As SKI has pointed
out, validation can never just be limited to comparing model calculations with measured
results. A comprehensive evaluation of whether the model provides a correct description
of the central issues must be carried out. Thus, an important question which must be
answered is whether the field tests carried out. which are analyzed in connection with
validation, actually contain information which is important for the model's predictions
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concerning, e.g. groundwater conditions which are essential factors for repository per-
formance.

SKI considers it to be important that, with the experience which has now been gained in
zone passage, SKB should channel resources into improving the grouting and blasting
methods which are required for the passage of fracture zones at great depths. To do this,
SKB needs to carry out grouting tests as well as blasting damage tests before the oper-
ating phase is started at the Äspö Hard Rock Laboratory.

An investigation corresponding to PASS (followed by practical application during the
operating phase) should be carried out ;>y SKB to obtain the required basis for establish-
ing the advantages and disadvantages of alternative construction methods, i.e. conven-
tional blasting and full-face drilling.
Measurement and experimental programmes during the operating phase of the Äspö Hard
Rock Laboratory are being planned in accordance with the preliminary time-schedule for
1993-1998 (testing of groundwater flow and radionuclide migration models). In total, the
programme comprises an operating period of about 15 years. The comprehensive ex-
perimental programmes will provide adequate opportunity for furthering the under-
standing of important parameters and processes in crystalline bedrock as well as for de-
veloping methodology for detailed characterizations. However, SKB should observe that
the results obtained will be largely site-specific, and therefore, it will not be possible to
directly apply them to other sites. In SKI's view, SKB's goal should be to develop and
evaluate test methodology as well as instruments, which it would be possible to use for
detailed characterizations of a candidate site.

SKI proposes that the expedience and results from the experimental programmes carried
out at URL, Grimsel and Stripa (hard rock laboratories in Canada, Switzerland and
Sweden), should be compiled in a "state-of-the-art/lessons learned" report before a more
comprehensive planning of experiments in the Äspö Hard Rock Laboratory is initiated.
SKI recommends that each experiment should be thoroughly planned and presented in
separate reports where predictions of proposed experiments will be specified in order to
establish whether the desired goals have been attained.

Experiments comprising reflection seismics and vertical seismic profiling (VSP) should
be included in the programme for the operating phase, since the location/detection of any
sub-horizontal water-bearing zones is of great importance for the long-term safety of the
repository. It is also important that radar measurement technology should be developed.

SKI supports SKB's plans to use tracer tests in order to determine the transport proper-
ties of the rock. However, these tests must be designed so that they actually yield relevant
information on the transport properties of the rock. A thorough analysis of experience
gained so far from tracer tests at, e.g. Grimsel, and in-depth model evaluations of SKB's
own proposals for tracer tests are recommended.

In SKB 91, mechanical conditions in the rock are considered to be of the greatest import-
ance for the long-term safety of the repository. In spite of this, a site-specific programme
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on rock mechanics, covering the important siting factors of predictibility and construe -
tibility of a repository, is lacking. Such a programme should contain well-structured
plans on how tests/measurements are to be carried out, e.g. rock stresses and movements
along zones caused by stress redistribution. SKB should, in a much clearer way, inte-
grate rock mechanical issues into the R&D programme with a more direct application
within the Äspö Hard Rock Laboratory.

The disturbance which is caused in the surrounding rock during excavation (shafts, tun-
nels) involves a change in the hydraulic and chemical properties of the rock. This can
entail a sharp increase in the permeabilities and changes in the redox conditions, and thus,
represent a potential water conductor and provide a pathway for rapid transport of radio-
nuclides from the repository, which would consequently affect long-term safety.
Knowledge of how these phenomena affect long-term safety is required before SKB
submits an application in accordance with the Act concerning the Management of Natural
Resources etc. for a permit to conduct a detailed characterization of a candidate site.

On the basis of the knowledge which i? acquired during the construction phase, SKB is
recommended to continue with its grouting experiments and to evaluate alternative tunnel
excavation methods during the operating phase, since the repository design, which is
directly connected to the selection of a system, must be specified in the application for a
permit to start detailed characterizations at a candidate site.

In SKI's view, the extensive reporting on work at Äspö should, to a greater extent than it
has so far, be compiled and integrated in Technical Reports, on a regular basis, instead of
in Progress Reports, and the results should be subjected to international peer review
through publication in scientific journals.

SKB is advised to appoint an international evaluation group to analyze the experience
gained from the first stages of work. In addition, SKB should arrange special seminars
where representatives from the authorities as well as external experts can take part.

In SKI's view, the research programme for the Äspö Hard Rock Laboratory must be
evaluated in relation to the needs which have been prioritized for SKB's forthcoming
work on the siting of the deep repository and for integration with SKB's other R&D
work. The integration between the Äspö project and the safety assessment work, in par-
ticular, as well as the deep disposal work must be reviewed in order to harmonize the
goals that have been set.

It seems obvious that the time-schedule is too limiting with regard to the necessary inte-
gration between the operating phase of the Äspö Hard Rock Laboratory and the deep dis-
posal project. Only a limited feedback of experience from the operating phase will have
been achieved at the time that an application for a permit to start the detailed characteri-
zation of a candidate site is expected to be submitted.

SKI considers that the level of ambition is high as regards work planned during the ope-
rating phase. However, a comprehensive analysis of the possibility of carrying out all the



experiments as planned, is required. Certain parts of the research carried out during the
operating phase must yield results before detailed characterizations on a deep repository
site can be initiated. This is particularly the case for experiments relating to the disturbed
zone, where a basic evaluation of the value of conducting detailed characterizations from
tunnels and the actual benefit that can be gained from such characterizations, must be
carried out.

Different areas of work, in addition to the specified needs, must be prioritizea. Certain
experiments will probably have to be postponed or be excluded. The time-schedule itself
must not be allowed to control the work. What is important is that meaningful results are
obtained. Since many experiments are site-specific and must also be carried out at the re-
pository site, SKB should consider the usefulness of and benefit which can be gained
from experiments carried out at Äspö.
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9 OTHER WASTE

9.1 INTRODUCTION

The safe and efficient handling of nuclear waste arising from the operation of Swedish
nuclear reactors requires the development, planning, construction and operation of sev-
eral facilities. Parts of this system currently exist, while other parts are still being
planned. Besides spent nuclear fuel, the different types of nuclear waste which must be
disposed of include reactor waste, decommissioning waste, certain reactor internals and
alpha-contaminated (long-lived) waste. Radioactive waste from industry, research activ-
ities and hospitals must also be handled and disposed of in these facilities. The system for
managing this waste includes the following repositories:

- The final repository for reactor waste, SFR-1 (commissioned in 1988)

- The repository for decommissioning waste, SFR-3

- The repository for long-lived low- and medium-level waste, SFL-3

- The repository for decommissioning waste from CLAB and the encapsulation station,
SFL-4

- The repository for reactor internals, SFL-5

(The deep repository for spent nuclear fuel has been designated SFL-2. The designation
SFL-1 originally referred to the repository for vitrified high-level waste, which is no
longer being considered in the Swedish programme. SFR-2 refers to a previously
planned repository for reactor internals, adjacent to SFR-1 and SFR-3. This repository is
no longer being considered.)

SKB states (R&D, Section 2.3.1) that a systematic review of different waste forms and
how they will be distributed between different repositories will be carried out during the
forthcoming three-year period. SKI is positive to this work and considers it to be very
important that such an review should be carried out in good time so as to avoid future
errors in prioritizing work. The current situation is that SKB's research work is mainly
focussing on the repository for spent nuclear fuel, which is, naturally, quite correct.
However, there is the risk that other repositories may be "forgotten" and not adequately
investigated.

This chapter deals with those issues described in RD&D, Section 14.2, 14.3 and 15 as
well as R&D, Chapter 12.



218

9.2 Reactor Waste - SFR-1

Planned work for SFR-1 is mainly described in R&D, Section 14.3.

SKB begins by reminding the reader that operating permits have been obtained for this
facility and that certain restrictions concerning its use were lifted by the authorities in May
1992. SKB also mentions that new safety assessments will be carried out every ten years
during the operating stage as well as before the decision is taken to seal the repository.

SKB states that the purpose of the monitoring programme for SFR-1 is to gather as much
information as possible regarding certain processes which can be observed during the
operating stage, such as groundwater flow and chemical composition, rock deformations
and water uptake in the bentonite fill around the silo. SKI maintains that this information
is not necessarily a decisive factor in the assessment of the long-term safety of the reposi-
tory. However, it is important that the monitoring programme should be completed and
that the results should be evaluated.

In addition, SKB states that further knowledge of the long-term properties of certain ma-
terials in the waste and additives is desirable. This particularly applies to cellulose,
which, when it decomposes in a concrete environment, could result in substances with
strong complex-binding capabilities, e.g. plutonium. A separate study of such pheno-
mena is being planned.

SKI wishes to remind SKB that these planned studies are a prerequisite for the continued
operation of SFR-1. This requirement is, in turn, a result of SKI's follow up evaluation
of the long-term safety of SFR-1.

A relatively minor part of the programme is devoted to investigating issues directly con-
nected to SFR-1. This gives the impression that all important work concerning SFR-1
has now been concluded and all issues resolved. However, unresolved issues may well
still exist which, sooner or later, will require further investigation. Although this is by no
means unique, it is particularly important for safety-related acuvities: new knowledge will
be acquired all the time, regardless of whether or not a decision has been taken to con-
struct or operate facilities. Certain aspects of such new knowledge will require new
studies and evaluations to be made of the assumptions on which previous safety assess-
ments have been based. Thus, SKB must plan for a more active followup of the devel-
opment within science and technology outside its own sphere, even for the time fol-
lowing the commissioning of the repository. Although requirements will be made by the
authorities on new safety assessment., including the development of scenarios), it is im-
portant to maintain continuity in the work. This does not only apply to SFR-1 but is also
applicable, to an equal extent, to all planned repositories.

As regards SFR-1, SKI can agree with SKB in that some of the work which is being
done with regard to other repositories, especially SFL-3, is also applicable to SFR-1.
However, the specific differences in terms of SFR-l's location, design and barrier func-
tions must be taken into consideration.
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The Local Safety Committee of the Forsmark nuclear power plant and the Municipality of
Östhammar have compared the current plans for SFL-3 with how SFR-1 came into ex-
istence and has found that an investigation into why a demonstration-scale repository has
not preceded SFR-1 is lacking. The Committee and the Municipality also consider it to be
important for SKB to describe, in detail, for the public and the environmental movement,
how the dose for SFR-1 was estimated, since all debate regarding the environmental im-
pact of the repository is based on the dose estimates.

9.3 LONG-LIVED LOW- AND MEDIUM-LEVEL WASTE

According to SKB's plan, SFL-3-5 is intended to be co-sited with SFL-2. However, the
distance from SFL-2 is intended to be quite considerable, on the order of one or two
kilometres.

SKB maintains that the chemical properties of the waste which it intends to deposit in
SFL-3 and SFL-5 do not deviate significantly from the properties of the waste for SFR-
1. However, the considerably higher content of long-lived radionuclides will make higher
demands on long-term safety. According to the plan, planning and construction will not
be started until some years into the 21st century, at the earliest. SKB stresses that the
countries which reprocess their fuel obtain considerably larger quantities of long-lived
low- and medium-level waste than those generated in Sweden, and that it ;s, thus, suit-
able to learn lessons from these countries.

In SKI's view, even if the construction of these repository parts is not planned to take
place until the second stage of the deep repository, several areas ought to be studied al-
ready at the present stage. Such an area is the long-term chemical and physical properties
of the concrete, where long-term tests could become necessary. Gas generation, for-
mation of organic complexes and colloids are other areas which should be more adequat-
ely investigated. Such questions should be more satisfactorily investigated before a deci-
sion is taken regarding siting. Excessive dependence on foreign expertise is probably not
satisfactory - especially bearing in mind, in any case, the limited time available.

Treatment (conditioning) of this type of waste is currently in progress at Studsvik. SKB
states in the main programme (RD&D, Section 3.3.2) that this waste is being repacked
into different kinds of containers which are suitable for final disposal. In SKI's view,
this is not entirely correct. According to SKI, the necessary conditioning of waste at
Studsvik AB is mainly being carried out for two reasons:

- the current waste form is not suitable for interim storage ur'il the repository is com-
pleted

- documentation concerning radionuclide content and chemical composition of the
waste is inadequate or completely lacking, in many cases.
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The last of these reasons means that the conditioning of the waste is urgent, since the
work is essentially facilitated if the personnel who handled the waste, from the very be-
ginning, is available to assist in identifying the content of the waste.

One of the requirements which the authorities have made on the waste which is being
treated is that it shall be possible to recondition the waste in a simple manner (for ex-
ample, by using moulds with bolted lids instead of cast lids) before final disposal. This
means that an ultimate decision on whether these types of waste are suitable or not for
final disposal has not been made. In addition, it cannot be excluded that further condi-
tioning of existing packages, e.g. through lid casting, may be deemed to be necessary.

The National Environmental Protection Board considers that handling and final disposal
of long-lived waste other than spent nuclear fuel may result in completely different prob-
lems due to larger volumes and heterogeneity. The Board considers that special resources
should be set aside, especially for the evaluation of the interactive effects of different
components, long-term stability and treatment methods. The Board also points out that
waste from hospitals, industry and research activities at Studsvik is of a heterogeneous
composition, with partially unknown effects, with regard to the inherent properties of the
material and the long-term stability of the repository as well as with regard to the en-
vironmental impact.

In the view of the Swedish Radiation Protection Institute, SKB should describe an alter-
native involving the management, in Sweden, of the long-lived waste stored at Studsvik.
Although management in the USA is being planned for some of the fuel from research re-
actors, no guarantee has been given, at present, concerning its final disposal. The
Institute considers that it is essential to investigate this issue before, or in connection with
an evaluation by the authorities with regard to detailed characterizations of a certain site in
accordance with the Act concerning the Management of Natural Resources, etc. Other
waste categories such as radium needles etc. require special investigation, and the
Institute considers, in general, that the environmental impact of the repositories for reac-
tor internals, waste from Studsvik's activities etc. should be more adequately investi-
gated.

The National Chemicals Inspectorate observes that chemical substances with high toxicity
can occur in low- and medium-level waste and radioactive waste with short half-lives.
The Inspectorate finds that a discussion of hazards other than those associated with ion-
izing radiation is lacking, and states that the programme should be supplemented in this
respect. SKI shares this view.

9.4 DECOMMISSIONING OF NUCLEAR INSTALLATIONS
- DECOMMISSIONING WASTE

SKB considers that most of the equipment which is needed for the decommissioning of
nuclear installations already exists and is being routinely used in connection with main-
tenance and modernization work. On the other hand, methods for dismantling the reactor
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pressure vessel, internals and the concrete shield closest to the reactor, have not been
practiced in Sweden. In order to acquire knowledge within these areas, SKB is following
the progress of a number of decommissioning projects in other countries. SKB has
gained adequate insight into these projects through a cooperation programme which has
been organized under the auspices of the OECD/NEA and where SKB is in charge of the
secretariat and programme coordination. The overall goals of SKB's work within de-
commissioning are:

- to ensure that knowledge and technology for decommissioning is developed in good
time before the detailed planning of the decommissioning work is to commence

- to ensure that the waste from decommissioning can be managed, transported and dis-
posed of

- to provide data, by means of cost estimates, as a basis for determining the need for
allocating funds to a reserve for the decommissioning work.

SKB's primary means of achieving these goals are through:

- followup of international developments

- followup of experience from maintenance and modernization work at nuclear power
plants

- certain special investigations and tests.

A study of methods and costs for the decommissioning of Swedish nuclear power plants
was carried out in 1986 (SKB, 1986). A new study of methods and cost estimates is in
progress and is expected to be concluded in 1993. The analysis of different cost estimates
which was carried out within the framework of the OECD/NEA s cooperation pro-
gramme for the decommissioning of nuclear installations, (OECD/NEA, 1991b), shows
that the Swedish calculations indicate relatively low overall costs.

SKB explains the low estimates of the decommissioning costs, by international standards
(RD&D, Section 15.3.1), by the fact that the Swedish system allows the direct deposition
of large components to be carried out, without requiring segmenting. However, this ex-
planation does not present the whole truth since it is stated (OECD/NEA, 1991b, page
57, Table 11) that the total decommissioning cost, calculated per kilogramme of uncondi-
tioned waste in Sweden is not lower than in other countries. It is more probable that the
total quantity of decommissioning waste is estimated to be lower in Sweden.

In SKI's view, SKB should investigate, in detail, the dependency of the total decom-
missioning cost on the assumed exemption limit, i.e. the level of radioactivity below
which the material is considered to be inactive and can, thus, be deposited on a conven-
tional garbage dump or reused.
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In addition, SKI wishes to remind SKB that the authorities have not taken a decision on
the suitability of the direct deposition of large components. For example, with such a
method it could be very difficult to verify the nuclide content with adequate precision.

9.5 SUMMARY OF SKI's EVALUATION

In SKI's judgement, SKB's description of the R&D programme for SFR-1 has not re-
ceived the same level of treatment as other R&D work. SKB must plan for a better and
continuous follow-up of external R&D after facilities have been commissioned. The
necessary expertise and resources for conducting its own studies, investigations and
safety assessments must also be maintained by SKB as long as the facilities are in oper-
ation. This does not only apply to SFR-1 but also to all final repositories.

The plan for the handling and final disposal of long-lived low- and medium-level waste,
certain decommissioning waste and reactor internals has not progressed as far as the plan
for spent nuclear fuel. Some of this waste is of a more complex composition than spent
nuclear fuel. Thus, the possibility that it may well be as difficult to demonstrate the safety
of a corresponding repository, cannot be excluded. The question can be raised as to
whether the work which has been planned can result in an adequate basis for decision-
making on the siting of these repositories, especially since this work is expected to be
conducted at the same time as the work on the SFL-2 deep repository for spent nuclear
fuel.

SKI has no major observations to make regarding SKB's programme for dismantling
nuclear installations. However, the effect of exemption limits and deposition methods for
large components may need to be better investigated.
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