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1 Introduction/Background

1.1 General

According to the Act on Nuclear Activities, the primary responsibility for the safe manage-
ment of spent nuclear fuel and nuclear waste rests with the licensee, primarily the nuclear
reactor owners. In accordance with the Act on the Financing of Future Expenses for
Spent Nuclear Fuel etc., the nuclear reactor owners shall also be responsible for ensuring
that funds are set aside to cover the future expenses of the handling and final disposal of
spent nuclear fuel and nuclear waste. Furthermore, nuclear reactor owners must conduct,
and every three years, starting in 1986, submit a research and development programme
for the handling and final disposal of the spent nuclear fuel and nuclear waste. The pro-
gramme must also cover the measures which are necessary for the decommissioning and
dismantling of the nuclear installations. The nuclear power industry has formed a joint
company, the Swedish Nuclear Fuel and Waste Management Co. (SKB) to undertake acti-
vities which are of common interest to the industry, including the R&D programme. The
Ordinance on Nuclear Activities stipulates that the programme must be submitted to SKI
for evaluation no later than on the last day of September. Within six months, SKI must
submit the documents on the matter to the Government, along with its own statement.

The programme which has now been submitted is one in the series which started with
RD&D Programme 86 and continued with R&D Programme 89. The programme which
was submitted in 1992 was called RD&D Programme 92 (Research, Development and
Demonstration), indicating that the development work is now entering an application
phase.

In connection with its evaluation of RD&D Programme 92, SKI required in its statement
to the Government that a better description of the site selection process and plans for
determining the design requirements for the planned copper canister should be provided.
In the Government's decision of December 1993, the Government required that such a
supplement to the RD&D Programme should be provided. SKB's Supplement to RD&D
Programme 92 has subsequently been evaluated by SKI and other reviewing bodies. SKI
has stated that SKB's Supplement contained the required supplementary information.
However, SKI also stated that further work remained to be done by SKB concerning the
site selection process, design requirements for the copper canister and safety assessment.

In accordance with the Government's decision of May 1995 concerning SKB's supple-
ment to RD&D Programme 92, SKB must describe its plans and programme for the
specification of technical requirements on barriers, subsystems and components, on the
basis of a safety assessment of the final disposal system, as well as for the investigation
of possible repository sites. Furthermore, the Government commissioned SKI to, at the
request of municipalities where SKB is carrying out feasibility studies, use the funds
which have been set aside with the support of the Act on the Financing of Future
Expenses for Spent Nuclear Fuel etc. for the expenses which the municipalities incur for
competence development and information concerning final disposal. No more than SEK 2
million per year may be disbursed from the fund and disbursements are made to the
county administrative board concerned.

In accordance with the Government's decision, the siting factors and criteria which SKB
has reported should be a starting point for further siting work in order to identify a reposi-
tory site for final disposal. Future applications for licences to construct a repository, in
accordance with the Act concerning the Management of Natural Resources etc. and the
Act on Nuclear Activities, should contain material for comparative evaluations which
show that site-specific feasibility studies have been carried out at between 5-10 sites in
Sweden and that site investigations have been carried out at no less than two of these sites
as well as specify the reasons why these sites were selected.
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The Government's decision also states that SKB should not commit itself to any specific
final disposal method before an overall assessment of safety and radiation protection
issues has been submitted. In accordance with the Government's decision, the licensing
under the Act concerning the Management of Natural Resources etc. and the Act on
Nuclear Activities must be co-ordinated so that the municipal council of the municipality
concerned can have access to SKI's statement to the Government, in accordance with the
Act on Nuclear Activities, before the municipality makes a decision in accordance with
Section 4 of the Act concerning the Management of Natural Resources etc. The Govern-
ment further stated that the planned detailed characterization of the possible repository site
is a stage in the construction of a repository for spent nuclear fuel and nuclear waste. This
means that the licensing in accordance with the Act concerning the Management of Natural
Resources etc. and the Act on Nuclear Activities must be co-ordinated.

The Government's decision also states that environmental impact statements (EIS) and the
process of preparing these statements, the environmental impact assessment (EIA) are an
important instrument in maintaining the contact between the regulatory authorities, munici-
palities concerned and the general public, and that it is important that a transparent process
for conducting the EIA should be established. The Government expresses the reminder
i.a. that the Ordinance on Nuclear Activities states that SKI, and on issues relating to 19§
of the Ordinance, SSI, may issue regulations on EIA.

In the near future, it is obvious that increasing attention must be paid to issues concerning
the basis for decision-making, the decision-making process in itself, including the partici-
pation of the parties concerned, i.a. the municipalities and the general public. In this con-
text, the EIA will be an important factor. SKB provides a very brief description of the
EIA-related issues. In SKI's view, it is clear that more work has to be done within this
area. As part of the work in this area, SKI is currently engaged in preparing regulations
for EIA. In SKI's view, the relevant ordinances and legal acts may have to be amended.
The Government also explained in the latest decision on the RD&D Programme that the
Government intended to amend the Ordinance concerning the Management of Natural
Resources etc. in order to give SKI the responsibility of identifying sites which are of
national interest for the final disposal of spent nuclear fuel.

1.2 Comments of the Reviewing Bodies

The Swedish Radiation Protection Institute (SSI) and others have raised the question of
the evaluation of the RD&D Programme and propose that it should no longer be carried
out in its current form and that, instead, it should be carried out in the future in connection
with forthcoming licensing actions. In SKI's view, issues relating to applications etc. and
the issues which can naturally be related to such issues, should be distinguished from the
RD&D evaluation process. Thus, SKI also perceives a need, in future, for information to
be submitted in the form of a programme which contains the issues which it is not natural
to raise in connection with licensing. Such issues include the cost of the programme and
alternatives to the KBS-3 method which may be of interest in the long term. The RD&D
Programme is an important source of information for SKI with regard to its function of
presenting proposals to the Government concerning the size of the fee for the waste
management funds.

In SSI's view, a greater degree of public insight should be sought, e.g. by arranging
public hearings. The Central Board of National Antiquities and the National Historical
Museums proposes that an ethical committee for final disposal should be appointed. Some
reviewing bodies, such as the local safety committee at Forsmark nuclear power plant, are
of the opinion that the report on the RD&D Programme should be written in a language
that is easier to understand.



Many of the reviewing bodies have commented on SKB's time-schedule, including SSI
and Greenpeace, with the opinion that the time-schedules are unrealistic and that more
time is needed in order to ensure that an adequate basis for decision-making is obtained at
different stages.

One question which was raised by several of the reviewing bodies is the issue of the EIA.
Through the EIA, links between different issues such as interim storage, transportation
and final disposal can be studied. Several reviewing bodies, including SSI, the munici-
palities and the county administrative boards, propose that the EIA should be co-ordinated
on a national level. The local safety committee at Oskarshamn nuclear power plant is of
the opinion that system-related issues (e.g. the link between the encapsulation plant and
the deep repository) exist which cannot reasonably be handled on a local level in several
different municipalities and that alternative sites should be investigated in a consistent
manner. The Waste Chain would like a new independent organ to assume the responsi-
bility for the EIA and would like SKB to be answerable to such an independent organ.

1.3 SKI's Evaluation

RD&D Programme 95 is supplemented by SKB's General Siting Study 95, Siting of a
Deep Repository for Spent Nuclear Fuel as well as a report on safety assessment,
Template for Safety Reports with Descriptive Example (SR-95). Both of these reports
were submitted at a relatively late stage, which has affected SKI's evaluation work.
Bearing in mind its work load, SKI has applied to the Government for, and has been
granted, an extension of the evaluation period. SKI's statement to the Government may
now be submitted no later than by the last day of May 1996.

SKI has sent SKB's RD&D Programme 95 to sixty authorities and organizations for
review. The organizations and authorities include universities and institutes of technol-
ogy, local safety committees, the municipalities with nuclear installations as well as the
Association of Local Authorities, the Swedish Environmental Protection Agency, the
National Housing Board and SSI. Thirty-five reviewing bodies have replied. In various
ways, most of the comments are related to the decision-making process, both with regard
to site selection and choice of method and only a small number of reviewing bodies have
dealt with more purely technical issues such as the function of the barriers and the safety
assessment methodology.

Furthermore, SKI has held meetings with KASAM in order to discuss SKB's RD&D
Programme. Issues relating to SKB's programme have also been discussed at a seminar
organized by KASAM with the US Nuclear Waste Technical Review Board, NWTRB.

SKI's review of the programme is based on the premises of establishing whether and
how the programme can fulfil its actual purpose, namely primarily to identify and
implement solutions for the final disposal of the spent nuclear fuel from the Swedish
nuclear power programme.

In accordance with SKI's directive, SKI's statement to the Government must be dealt
with by SKI's Board.

SKI's statement to the Government includes a Summary and Conclusions of the Review
Report. In the Review Report SKI reviews SKB's RD&D Programme 95 and also deals
with comments from the reviewing bodies. Furthermore, SKI has commissioned a
separate report with the Comments of the Reviewing Bodies.

NEXT PAGE(S)
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2 System Studies and Alternative Methods

2.1 General

SKB describes the facilities which are necessary for a safe handling and final disposal of
spent nuclear fuel and nuclear waste, i.e. in particular an encapsulation plant for spent
nuclear fuel, located next to CLAB and a deep repository for the spent nuclear fuel. The
intention is to construct the deep repository in stages with a first stage for about 400
canisters (demonstration phase) and, only if the experience from this phase is positive,
will the facility be expanded to a full-scale repository. During Stage 1, it must be possible
to retrieve the canisters, if this is considered necessary.

The final disposal method in question, KBS-3, involves the encapsulation of the spent
nuclear fuel in copper/steel canisters and the deposition of the canisters in a deep reposi-
tory at a depth of about 500 m. A separate repository, in connection to the deep reposi-
tory, is also being planned for other types of long-lived waste. The method has been
accepted by the authorities and the Government as the main line for the development of a
deep disposal method. However, the ultimate approval of the method has not yet been
given. Other parts of the programme have also mainly been accepted by SKI. However,
SKI has required that design requirements for canisters should be reported and that the
site selection process should be described in greater detail.

SKI maintains that the step from science to technical application is not a simple one, e.g.
to manufacture canisters of high quality, to show that a good weld joint can be made, to
ensure that the manufacturing and application of the bentonite barriers around the canisters
will have the desired result etc. Questions that need answering include how to avoid
emplacing the canister in unsuitable positions in the rock and how to carry out a con-
vincing safety assessment. Much has to be done before an optimal solution, according to
SKB's intentions, is reached. The task, at present, is to show that a satisfactory level of
safety can be reached. In addition, the part of the repository which contains other waste
than nuclear fuel (SFL 3-5) must be described in greater detail by SKB and specifically
studied by SKI.

Even if the KBS-3 method is approved by the regulatory authorities and the Government
as the main direction for further development work, alternative solutions must also be
described. SKB has described alternatives, including tunnel systems and deep boreholes
for the deposition of canisters. Another method which has been described is transmuta-
tion, through which long-lived radionuclides are converted into more stable or short-lived
radionuclides through neutron irradiation. To a certain extent, different variations of the
KBS-3 method can also be regarded as alternative solutions. Above all, SKI would like to
see a better description of the zero alternative than that which has so far been presented.
The zero alternative is a description of what would happen if the planned programme
cannot be implemented. In this case, the spent nuclear fuel must be stored for a longer
time in CLAB. In this case, a changeover to dry storage may also be considered. The
planned storage of spent fuel in sealed canisters should also be studied in this context. A
few of the reviewing bodies, including SSI, request that SKB should describe the zero
alternative.

One question which has been raised to an increasing extent is the relationship between the
encapsulation plant and the deep repository. Comments have also been made regarding
transportation and shipments etc. as being a part of a system. Like many reviewing
bodies, SKI considers these relationships to be important and has emphasized that an
assessment must be made of the entire disposal system. This issue is not a new one. The
government decision of May 1995 (decision on SKB's RD&D Programme 92 Supple-
ment) states that an assessment of the entire final disposal system must be carried out no
later than at the time when an application for a licence to construct an encapsulation plant



is submitted (or in connection with the application for a licence to construct a deep
repository, if this should be submitted at an earlier stage).

As has been mentioned above, it is planned to construct the final disposal system in
stages. This applies to both the encapsulation plant and the deep repository. After the first
stage, the system will be evaluated and, subsequent to that, full-scale final disposal can be
carried out.

2.2 Comments of the Reviewing Bodies

The reviewing bodies have different views on the KBS-3 method. SSI and the Swedish
National Science Research Council (NFR) accept the method as the main alternative, but
emphasize that work must also be carried out with regard to alternative methods. The
Mathematical-Scientific Faculty of the University of Stockholm/SU (Morner) is in favour
of an investigation on final disposal methods which is not controlled by SKB in a biased
fashion, and where the focus is on the scientific issues. The Mathematical-Scientific
Faculty of the University of Gothenburg is of the opinion that the method with deep
boreholes has a better potential than the KBS-3 method of meeting the requirement of
making the spent fuel inaccessible. Greenpeace also believes that the method involving
deep boreholes cannot be rejected already at this stage. The People's Campaign against
Nuclear Power-Nuclear Weapons is of the opinion that SKB has made too much of a
commitment to the KBS-3 method and that SKB should be relieved of its responsibility
for the final disposal of spent nuclear fuel.

The issue of transmutation has attracted considerable attention and the University of
Uppsala and the Royal Institute of Technology among others believe that the method can
be a viable alternative to KBS-3. However, other comments have also been made on this
subject. The Mathematical-Scientific Faculty of the University of Stockholm/SU (Pereira)
as well as ABB Atom AB are critical to this alternative.

2.3 SKI's Evaluation

In SKI's opinion, the KBS-3 method should continue to be the focal point of SKB's
work. SKI emphasizes that many issues relating to technical requirements on barriers,
including canisters for spent nuclear fuel, still have to be resolved. As was stated in the
government decision of May 18, 1995, concerning SKB's RD&D Programme 92 Supple-
ment, SKB must present a programme for the specification of technical requirements on
barriers which meet the requirements of an integrated safety assessment for the final
disposal system as a whole. Bearing in mind the uncertainties regarding when and how
the final goal, a safe final disposal, can be attained, SKI is of the opinion that alternative
methods must be described, especially the zero alternative. SKI's view on transmutation
is that the method is not a realistic alternative but a very comprehensive development
project which will entail considerable cost, take a long time and which will in any case
require reprocessing or similar conditioning process. Furthermore, it will not eliminate the
need for a deep geological repository. SKI is therefore of the opinion that SKB should
follow the work within this area but that the KBS-3 method should be SKB's main
alternative for further work.



3 Siting Procedure for Facilities

3.1 General

The siting process for the encapsulation plant and deep repository is in progress. From
the standpoint of transportation and of the system as a whole, it is natural to site the
encapsulation plant next to CLAB or next to the future deep repository for spent nuclear
fuel. The activities to be carried out at the encapsulation plant are very similar to those
carried out at CLAB and a co-siting with CLAB has obvious advantages. SKB proposes
that the facilities be located next to CLAB and an initial study of this proposal has been
discussed within the framework of an EIA under the leadership of the County Adminis-
trative Board of Kalmar. The following have participated in a working group, besides the
County Administrative Board of Kalmar: the Municipality of Oskarshamn, SSI and SKI
as well as SKB. The issues which should be included in an EIA for the encapsulation
plant were presented in a report prepared by the working group.

The siting process for the deep repository is considerably more complicated. The safety of
a deep repository for spent nuclear fuel will be dependent on specially designed engin-
eered barriers, primarily the planned copper/steel canisters, and on geological factors
(rock mechanics, hydrology, geochemistry etc.) at the selected site. Besides geological
factors, factors relating to transportation possibilities, infrastructure, local industry and
economy etc. must be taken into consideration. The site selection procedure which SKB
advocates also takes these different factors into consideration and is also based on the
assumption that only municipalities which have shown an interest in hosting a deep
repository will be considered for feasibility studies. On the basis of 5-10 feasibility
studies, two sites will be selected for site investigation (drilling etc. from the surface).
One of these two sites will then be selected for detailed characterization (shaft excavation
and the construction of tunnels). Decision-making on siting will also be based on the
general siting study which SKB has carried out on a national scale. This study shows that
certain regions (the mountain range, sedimentary rock types etc.) should be excluded.
However, in SKB's opinion, the general siting study is of limited value and acceptable
sites can be found, in principle, in most regions. The actual suitability of a site can only
be established after a detailed characterization has been completed.

According to SKB, the following important questions must be raised with regard to the
siting of the deep repository:

• what requirements must be made on a deep repository site?
• what is a suitable procedure (siting process) for site selection?
• what are the conditions in different parts of Sweden?

On SKI's recommendation, the Government stated in its decision from 1995 that "the
siting factors and criteria that SKB specifies should, in the view of the Government, be a
starting point for further siting work."

A feasibility study has been carried out in the Municipality of Storuman and another has
recently been completed in the Municipality of Mala. A local referendum in the Munici-
pality of Storuman showed that there was strong opposition to the idea that the munici-
pality should host a repository. SKB's studies in the Municipality of Storuman have
therefore been terminated. Feasibility studies are now being carried out in the munici-
palities of Nykoping and Osthammar. The Municipality of Oskarshamn is considering
whether to accept a feasibility study in the municipality.

The site selection process has already been discussed at a previous stage. In its evaluation
of SKB's RD&D Programme 92, SKI and many reviewing bodies made comments on
this particular issue. There are different aspects to the question, e.g. technical/geological,



societal and legal. In its decision of May 1995, the Government stated that the site
selection criteria which had been presented by SKB should be a starting point for further
work and that SKB should, therefore, take into account the views which had been
expressed by various authorities, including SKI. SKI's view is that the site selection
process should be developed in order to obtain a more transparent and more detailed
strategy. One important question in this context is the basis for decision-making which
should exist before a decision is made to proceed to the next stage in the site selection
process.

According to SKB, the incentive to start a feasibility study in a particular municipality is
primarily the municipality's interest in the feasibility study. According to SKB, the above-
mentioned general siting study is of limited value. However, SKI's view is that it should
be possible to make better use of the existing data and that a more applicable general siting
study could be achieved if SKB had not only made evaluations on a national scale but also
on a regional scale. The selection of two sites for site investigations will be based on the
results from feasibility studies as well as on the combined knowledge of the geological
conditions in Sweden which SKB has acquired over the years. The above-mentioned
general siting study is also a part of the basis for decision-making. Several reviewing
bodies, including the Geological Survey of Sweden (SGU), stress the importance of
geological/technical criteria in the site selection process and believe that SKB is placing
too much emphasis on the condition that the municipalities should show willingness to
participate in such feasibility studies in the initial phases of the process. However, when a
site is ultimately selected the municipality must show willingness to host the repository.

Licensing under the Act concerning the Management of Natural Resources etc. and the
Act on Nuclear Activities is not required for the stages which have so far been described
(feasibility studies and site investigations). In SKI's view, it is important that the step
from the site investigation stage to a detailed characterization should be based on safety
assessments of the two investigated sites which are of equal value in order to ensure that
the motives for selecting a particular site are clear. With regard to the next stage (carrying
out the detailed characterization) the Government has stated that it should be considered to
be the first stage in constructing a nuclear installation. This means that licensing under the
Act on Nuclear Activities must be carried out already at this stage.

In SKI's view, the licensing for the detailed characterization and the construction of the
repository and tunnels as well as for the operation of the repository should be carried out
in stages. The first licensing action is to be carried out in accordance with both the Act
concerning the Management of Natural Resources etc. and the Act on Nuclear Activities.
In SKI's view, the municipal veto right should apply. Subsequent licensing is to be
carried out in accordance with the Act on Nuclear Activities. The issue of the municipal
veto is of fundamental importance. Several reviewing bodies have commented upon this
issue. In SKI's view, the Government should clarify what should apply in this respect.

3.2 Comments of the Reviewing Bodies

Various views have been expressed on the site selection process. A large number of
reviewing bodies, the Geological Survey of Sweden (SGU), the Royal Institute of
Technology (KTH), the Mathematical-Scientific Faculty of the University of Gothenburg
(GU), Chalmers University of Technology (CTH), the Mathematical-Scientific Faculty of
the University of Stockholm/SU (Morner), the Swedish Society for the Conservation of
Nature, the People's Campaign against Nuclear Power-Nuclear Weapons and the Waste
Chain advocate a systematic and scientifically controlled site selection process where SKB
does not exclude any part of Sweden unless factual reasons for doing so are presented.
SGU emphasizes the importance of the geological factors. KTH questions SKB's method
of selecting areas for feasibilty studies and GU questions SKB's site selection process.



According to SU (Morner), negative observations are being ignored within those areas
which are of interest to SKB. The Swedish Society for the Conservation of Nature is of
the opinion that SKB's siting factors are still imprecise, in spite of SKI's explicit request
for a detailed specification and quantification.

However, the question of the importance of the geological factors is not uncontroversial.
The Association of Local Authorities emphasizes that there are many other aspects which
must be taken into consideration in connection with the site selection process.

Some municipalities have expressed views on the site selection process. The Local Safety
Committees at Oskarshamn nuclear power plant and at the Studsvik nuclear installations
emphasize that the decision to grant a licence for site investigations will be vital. The
Local Safety Committees propose that all of the feasibility studies should be completed
and reported in the form of a nationally co-ordinated EIS before the question of a site
investigation is raised. Furthermore, the committees maintain that SKI and SSI should
evaluate the content of the feasibility studies on the basis of technical and safety-related
premises as well as evaluate whether the data presented in the reports are of a high and
comparable quality.

Furthermore, the safety committees state that a site investigation programme must be
prepared and that the names of both of the municipalities where SKB wishes to carry out
investigations must be published at the same time as that of a reserve candidate site in case
one of the municipalities should decide that it no longer wishes to participate in the
process.

The Municipality of Osthammar and the Local Safety Committee at Forsmark nuclear
power plant are of the opinion that new results from Aspo experiments which are
important for the site selection process, and will be available in the year 2002, should
comprise a basis for decision-making and possible participation in a site investigation.

The Municipality of Oskarshamn has also commented on the question of the veto right.
The Municipality would like an open dialogue concerning the veto right, how it will be
applied and how the municipal veto right is to be viewed in relation to the process based
on willingness of the municipality to participate, which has now been initiated.

The Government's statement that the initiation of a detailed characterization would require
a licence in accordance with the Act on Nuclear Activities has been questioned by ABB
Atom AB. The People's Campaign against Nuclear Power-Nuclear Weapons also
considers that this sequence is unsuitable since it means that SKB will be granted a licence
to construct the deep repository before the suitability of the site has been investigated.

Greenpeace proposes that an independent site selection commission should be formed.

3.3 SKI's Evaluation

Like many of the reviewing bodies, SKI wishes to emphasize the importance of having a
well-defined and transparent site selection process. In its decision of May 18, 1995, the
Government emphasized that the site selection factors that SKB had specified should be a
starting point for further siting work. SKI has requested that these factors should be
developed and specified in detail and observes that much of this work remains to be done.

SKI also emphasizes relationships between the encapsulation plant and the deep
repository site selection process. As the Municipality of Oskarshamn and the Local Safety
Committees at Studsvik's nuclear installations have maintained, the entire site selection
process is of great importance prior to the decision-making concerning site investigations.



SKI believes that the proposals concerning feasibility studies and the premises for site
investigations which have been presented above must be taken into consideration.

In SKI's view, the site selection issue is directly linked to the system analysis which,
according to the Government's decision of May 18, must be submitted in connection with
the application for a licence to construct the encapsulation plant (if this application should
be submitted first). An essential part of this analysis comprises an evaluation of the
selected method for final disposal and is also dependent upon the issue of the EIA.

Issues relating to site selection and method selection are discussed in Chapters 6 and 8 of
this report.
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4 Supporting R&D

4.1 Introduction

Comments on the account of the state of knowledge presented by SKB in Chapter 5 of
RD&D Programme 95 and the programme for supporting R&D, presented in Chapter 11
of the report, are provided in this chapter. In its introduction to Chapter 5, SKB states that
its account of the state of knowledge is relatively comprehensive in response to requests
made in the review comments of RD&D Programme 92 concerning a better reporting of
the state of knowledge.

As with RD&D Programme 95, this chapter is divided into a number of sections dealing
with the different subject areas. This has been done in accordance with the system used in
Chapter 5 of SKB's Programme, apart from Section 5.1 (Methods for Safety Assess-
ment), which is evaluated in Chapter 8 of this report. An overall evaluation of SKB's
programme for supporting R&D is presented in the last section of this chapter, Section
4.10. An overall evaluation of the different subject areas is provided at the end of each
section.

4.2 Scenarios
The state of knowledge with regard to scenarios is described in Section 5.2 of RD&D
Programme 95 whereas the programme for further research and development within this
area is presented under "Safety Assessment Methods" (Section 11.7.1.). General com-
ments on Section 11.7.1 as well as on SKB's Template for Safety Reports with Descrip-
tive Example (SR 95) are presented in Chapter 8 (Safety Assessments) of this Review
Report. A few detailed comments on SKB's work within the area of scenarios are
presented below.

In SKI's view, SKB's work on developing scenario methodology is of a high quality and
has made considerable progress since RD&D Programme 92. For example, SKB has
tested two different methods in order to observe how the properties of different processes
and barriers interact in a repository. What is being described in this context is known as
the Process System for the repository. In short, a logical description of the Process
System is a pre-condition for the identification of all essential links between different
processes and for the analysis of the effect of various scenarios through calculations or
other methods. SKI considers the fact that SKB is testing different methods and
approaches to be commendable, since this provides insight into the advantages and
disadvantages of different methods.

In the future, SKB intends to use the RES method (RES = Rock Engineering System).
However, in SKI's view, RD&D Programme 95 does not clearly state the reason for
selecting this method. This view has also been presented by Greenpeace. In SKB's view,
the second system which was evaluated, which is based on influence diagrams (i.e. the
PID method, PID = Process Influence Diagram), is complex and does not provide the
desirable, rapid overview. SKI agrees that the RES method may probably be more rapid,
but also believes that the tool which provides a rapid overview is not necessarily the most
suitable tool to use for a detailed processing of complex problems, so that they can be
simplified in the manner assumed by the RES method. SKI also wishes to emphasize the
importance of ensuring that a selected method results in traceability in the scenario work.
The method selected may be of lesser importance, as long as the alternative methods mean
that the same quality can be achieved and documented in the safety assessment work. In
SKI's view, the methods probably complement each other. However, none of these
methods has yet been fully developed or evaluated in the context of a real safety assess-
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ment. For this reason, SKI recommends that SKB should not commit itself to any par-
ticular method at this stage.

A discussion is presented in Template for Safety Reports with Descriptive Example (SR
95) of how SKB, by describing the Process System, divided into several parts, can use
the RES method in a manageable way. SKB expresses the importance of selecting the
important "controlling" (or "dominant") diagonal elements. SKI would like to see a better
and even deeper analysis of the importance of the selection of diagonal elements, and is of
the opinion that SKB must more clearly motivate its selection of diagonal elements.
Furthermore, SKB must more explicitly describe how the different parts of the Process
System are linked to each other as well as how the safety assessment of sub-systems will
be integrated into an assessment of the system as a whole.

According to the description in SR 95, the different parts of the system are being investi-
gated and documented. The work on the far field has made the most progress. In SKI's
view, the direction of the work is correct. However, much work remains to be done with
regard to defining RES matrices and documenting these matrices and the descriptions of
FEPs (Features, Events and Processes). So far, two different scales of significance have
been used with regard to the work on the RES matrices. According to SKI, SKB should
be consistent in selecting significance scales in order to facilitate an analysis of the entire
system.

In Chapter 9 of SR 95, SKB describes how scenario methodology can be applied. In
SKI's view, the tables with information on Scenarios, Initiating Events, Consequences
and Analysis Method provide an overall and traceable manner of deriving analyses and
calculations. On the other hand, the description in RD&D Programme 95 does not specify
the methodology which will be used to select individual calculation cases, e.g. in connec-
tion with parameter variations in computer code calculation chains. SKI believes that a
strategy and documented methodology are also required for the selection of calculation
cases.

For additional comments from reviewing bodies as well as SKI's overall evaluation see
Section 8.2 of this Review Report.

Finally, SKI considers that the fastest progress within safety assessment over the past 3
to 5 years, has been made within this area. Both SKB and SKI have contributed to
developments within this area. However, there is still a lot of work to do. It is also
important to bear in mind that these tools are not an absolute condition for an acceptable
safety assessment. On the other hand, the idea is that these methods should render the
work on safety assessments and the evaluation of these assessments easier and more
effective. Thus, SKI's comments must be regarded as recommendations rather than
criticism on issues which could be of decisive importance for safety.

4.3 Spent Nuclear Fuel

4.3.1 General Comments

In general, the spent nuclear fuel is considered, in itself, to be the innermost barrier to the
dispersion of radionuclides from a leaking canister in a repository. Nuclear fuel, in the
form of uranium dioxide, is a ceramic with an inherent high stability against dissolution.
However, this stability is not easily accounted for in a safety assessment. First of all,
spent nuclear fuel from modern reactors is a complex material with a considerable
chemical and physical heterogeneity. Secondly, the strongly ionizing radiation from the
fuel may cause the water to disassociate (radiolysis) thereby affecting the chemical

12



environment of the fuel, e.g. through the creation of an oxidizing environment. Both of
these factors contribute to reducing the resistance of the fuel as a barrier, which must be
taken into account in the safety assessment.

Since 1977, activities in Sweden have focused on experimental fuel investigations,
primarily studies of the release rate of various radionuclides under different conditions.
The work which, for obvious reasons, must be carried out in special laboratories
equipped with suitable radiation shielding (hot cells), is very costly. International co-
operation with Canada and the USA, in particular, has thus been an important and
necessary condition for these studies.

SKB states that the goal for activities over the next six-year period is to:

• improve knowledge concerning radionuclide release from the fuel,
• improve existing release models in preparation for future safety assessments,
• develop a realistic model for the release of radionuclides from the fuel prior to an

application for a licence to carry out a detailed characterization and construct a deep
repository.

4.3.2 Experimental Investigations

SKB has focused on studies of the leaching of spent nuclear fuel. The account provided
in RD&D Programme 95 deals with different analysis methods for the low concentrations
of radionuclides which are usually present in these contexts. Among the methods which
have been mentioned, SKB considers mass spectrometry and inductively-coupled plasma
(ICP-MS), which were introduced at Studsvik in 1992, to be promising methods. Further-
more, experiments to study the mobility of strontium in the fuel are described in greater
detail. This is important for the interpretation of leaching data and for model descriptions
of radionuclide release.

As in RD&D Programme 92, SKB's description presents a fragmented and incomplete
picture of the state of knowledge. However, SKI agrees with SKB about the importance
of the results presented, with the possible exception of the leaching experiments which
were carried out in the presence of bentonite. There is much to indicate that the chemical
conditions during radionuclide release from the fuel in a repository will be more affected
by corrosion products from the canister than by the presence of the bentonite. Thus, SKI
would like to repeat the statement made in its Review Report of RD&D Programme 92
that it is high time to make sure that the chemical environments which are used in
experiments and which are formulated in modelling are relevant for the safety assessment.
In its RD&D Programme 95, SKB also states that it plans to carry out measurements in
such environments, e.g. with regard to redox conditions and salinity. Studies of new
solid phases are also included, as well as further studies in flow reactors of kinetically-
induced dissolution. Corrosion studies are planned where, at the same time, attempts will
be made to measure important parameters such as pH and the redox potential.

SKI has no objection to make to this programme, other than the fact that it is difficult, at
present, to specify which questions should have been prioritized or investigated in greater
detail prior to the preparation of future safety assessments. This difficulty has to do with
the fact that, so far, there has been no explanation of, on the one hand, the requirements
which a safety assessment makes on a model description of radionuclide release and, on
the other hand, of the requirements which the models make on supporting data/parameters
and thereby, on the experimental work. Thus, it is possible that the knowledge which is
currently available is sufficient for a safety assessment. However, it has not been
established that this is in fact the case.

13



SKB has recently commissioned a report on the properties of the spent nuclear fuel which
may be of importance for modelling. This includes the physical structure of the fuel, the
surface area which is in contact with the surrounding water as well as the distribution of
important nuclides in the fuel and between different solid phases. In SKI's view, this
report is a good basis for future work on modelling. However, in SKI's view, the report
should have been prepared at an earlier stage.

4.3.3 Models for Fuel Dissolution and Radionuclide Release
from the Fuel

Since SKB 91, SKB has not visibly invested any resources in the development of models
for fuel dissolution and radionuclide release. In its evaluation of RD&D Programme 92,
SKI stated that the development of realistic models should be a condition for effective
experimental work. Furthermore, SKI considers that it is often suitable that the develop-
ment of more complicated and realistic models should be carried out in parallel with the
work on the simplified and conservative models which are usually used in the safety
assessment. One explanation for the delay of model development may be the shift in the
whole of SKB's programme, since SKB in RD&D Programme 92 stated that its overall
goal was to develop the models before the safety assessment which was "planned for
1996". In SKI's view, the delay of one year is hardly enough to make up for lost time.

SKI is positive to the work which SKB has put into its studies of natural analogues for
fuel, e.g. with regard to the formation of different oxide phases. Good examples of
modelling work in this context are the studies of natural uranium deposits in Cigar Lake
(see Section 4.7).

In its programme for radionuclide release modelling, SKB mentions plans for experimen-
tal determination of thermodynamic data for the solubility of certain actinides and fission
products. SKI comments on these plans in Section 4.6.

SKB intends to improve currently available models so that they include mechanisms for
radiolysis and for the formation of secondary solid phases as well as for the formation of
concentration differences (gradients) which promote radionuclide transport to and from
the surface of the fuel. In SKI's view, this is a dubious approach unless it is based on a
more realistic overall view of the phenomena which control nuclide release.

Greenpeace mentions actinide solubility as an area where there is a great need to develop
measurement methods. Greenpeace also states that the precipitation of secondary phases
is an area which must be given very high priority.

It would be expected that the programme for the development of the realistic model,
which SKI has above (and even in 1992-93) stated that it would like to see, would be
presented in Section 11.2.3 of RD&D Programme 95 (Realistic Model of Release from
the Fuel). It is therefore surprising to find, under this heading, only a plan of studies and
experiments to more exactly determine the degree of radiolysis and the extent to which
oxidants which are formed and used up through the oxidation of different components in
the fuel. It is necessary to improve the radiolysis model, since the uncertainties are very
large. However, SKI maintains that better mechanistic models for the release of all
radionuclides from the spent nuclear fuel, including those in separate phases and "grain
boundaries" are at least as important. A greater focus of the programme on this particular
point would have been desirable. Greenpeace is also critical on this point and considers
that SKB should not carry out any new safety assessments until new models have been
published and evaluated.
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4.3.4 Overall Evaluation

In SKI's view, the description of this subject area provided in RD&D Programme 95,
does not present an accurate view of the state of knowledge, of what SKB has achieved
and probably not of this RD&D programme. The criticism expressed by SKI in RD&D
Programme 92 is still largely valid. In particular, this criticism applies to the integration of
the experimental programme and modelling, which has so far been deficient. However, it
is difficult to state what requirements should be made in this respect without an evaluation
on the basis of the need for realism in the models and data used in the safety assessment
This is also important with regard to the considerable funds that SKB intends to invest in
this area. Otherwise, certain work within this area is predominately of a high technical and
scientific standard.

4.4 Buffer and Backfill

4.4.1 Introduction

In this section, SKI comments on Sections 4.3.4, 5.4 and 11.3 of SKB's RD&D Pro-
gramme 95.

SKI's evaluation of bentonite-related issues is partly based on consultant reports from
Professor Goran Sallfors, Chalmers University of Technology (CTH), Professor Elen
Roaldset, Norweigian University of Technology (NTH) and Dr. Randy Arthur,
Quantisci, USA. Where appropriate, SKI will refer to these reports in its evaluation. The
views of the different consultants and the underlying reasons for these views are pre-
sented in full in the background reports compiled in SKI Rapport 96:44. The comments
of the reviewing bodies are presented in the text below.

4.4.2 General

According to SKB, the safety-related functions of a repository can be classified into three
levels:
Level 1: Isolation, Level 2: Retardation and Level 3: Recipient Conditions. The different
functions are affected by the selected site, repository layout and design and sizing of the
engineered barriers. SKI maintains that this account is a simplification of the situation, for
pedagogical purposes, which does not do justice to the role played by the different levels
in SKB's programme and which does not highlight the complex interaction between the
barriers and functions on different levels. In this description, it would have been desirable
for SKB to have better motivated its decisions regarding how research should be allocated
to the different safety-related functions.

SKI's consultant, Arthur, would like to see clearer goals established for SKB's research
work within this area in order to be able to determine when sufficient knowledge has been
acquired so that a decision can be made.

Furthermore, the references provided in SKB's report do not reflect the breadth of
knowledge available in the scientific community. This view is also shared by Roaldset
and Sallfors who also emphasize that references are lacking to the original work in certain
reports. In SKI's view, it is high time for SKB to work towards acquiring the support of
the research community for the research results that it has obtained within the area of
bentonite. This view also applies, in general, to other important areas of SKB's pro-
gramme. In this way, discussions at a late stage (during licensing) of issues which should
have been resolved at an earlier stage, can be avoided.
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This is also important when starting the type of optimization indicated by SKB in its
programme for the forthcoming period. In SKI's view, an optimization can only be
reached when most of the basic, important issues have been resolved and a good under-
standing of, e.g. the bentonite and its behaviour in a repository, has been achieved. An
optimization must be based on the results obtained from the safety assessment, where the
importance of the function of the different barriers can be established and compared.

The knowledge of water-saturated buffer material is satisfactory and SKB has made much
progress within this area. SKB has not made comparatively significant progress with
regard to unsaturated conditions. This fact is also reflected in SKB's plans for the forth-
coming period. In accordance with the above discussion, this also limits the possibilities
of achieving an optimization at the present time. SKI believes that this is an important
question of principle, which it intends to follow up in discussions with SKB.

SKI finds that laboratory-scale and field experiments have not been carried out so that
knowledge can be obtained concerning the spread in experimental data. SKI would like to
see a better handling of uncertainties within the bentonite area, e.g. through the variation
of the input parameters for the experiments. In this way, the experimental results should
be of more general significance. The selection and use of different approaches must
therefore be motivated.

Sallfors finds that considerable progress has been made with regard to the modelling of
the mechanical, thermal and hydraulic properties of the water-saturated buffer. However,
the modelling is so complex, and requires knowledge of so many input parameters that
further work is required, especially within two areas, namely, verification through
experiments and statistical analysis.

According to Sallfors, progress within verification is fairly limited, even if the results
which are obtained appear to be very reasonable. Further comparisons should be made
with laboratory-scale experiments, where direct comparisons can be made with, e.g.
pressure, temperature and flows. Sallfors does not believe that the planned full-scale
experiments at the Aspo Hard Rock Laboratory can provide information in this respect,
since such experiments will probably mainly provide information on the buffer in an
unsaturated state.

According to Sallfors, the statistical analysis does not necessarily have to be particularly
advanced. It should be possible to use some form of point estimate method in order to
obtain probable distributions for the results which are of interest. For certain parameters,
it should be possible to perform calculations for the most probable values as well as for
some form of "worst case".

4 .4 .3 Properties of the Buffer Material and Geochemical Stability

SKB is currently compiling the knowledge and experience so far acquired from its
research on the buffer. According to SKB, the purpose is to achieve uniform definitions
and method descriptions, i.e. SKB intends to acquire a common base of knowledge in
this way. In SKI's view, this is a good approach and one which will reduce the need for
discussions concerning the basic assumptions made. Instead, it will be possible to focus
directly on issues relating to safety. On the other hand, SKI is dubious about whether it
would be possible to use this information for optimization in different contexts. If this is
done, the basis for optimization should be clearly described and discussed.

In addition to the above-mentioned knowledge base, SKB also mentions the importance
of analyzing the individual processes (interaction with the rock, canister, longevity) as
well as an analysis of coupled processes (function in the repository). In SKI's view, the
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latter point is particularly important. However, coupled processes are almost neglected
within RD&D Programme 95.

The development of knowledge concerning the properties of bentonite clays has partially
been achieved in an iterative fashion. However, it is of equal importance that the appli-
cation of the acquired knowledge should be accomplished in stages and in an iterative
form. In the optimization phase, it is particularly important to ensure that the coupling to
other important issues is maintained and assured.

Arthur emphasizes the importance of an ongoing integration of the results from different
reports and the importance of continuously integrating and reconciling these results with
the needs of the safety assessment. Arthur emphasizes the importance of using the results
from safety assessments of the engineered barriers which have already been carried out as
a support for decisions concerning future research work within the area. Arthur
recommends that clearer goals should be established and the link to the safety assessment
should be established. SKI agrees with this view.

As far as the alteration of smectite to illite is concerned, SKB places considerable
importance on the model which is based on Pytte's Theorem. Sallfors, Roaldset and
Arthur all emphasize that this model has its limitations and that other models also exist
which describe the alteration process in another way. In SKI's view, this places require-
ments on SKB to further evaluate the suitability of the selected model. Another
phenomenon which is dealt with in detail, is the risk for salt enrichment which can occur
in the buffer. The enrichment can be reduced if bentonite with a high degree of water
saturation is used. According to Sallfors, this question should be given the necessary
scope, in the planned field studies. This view is also shared by SKI.

The Royal Institute of Technology (KTH) comments on SKB's report on the possibility
of using various mixtures of bentonite and ballast for the backfilling of tunnels, rock
caverns and shafts. According to KTH, this assumes that the material can be guaranteed
to have homogeneous properties which would qualify it for use as an engineered barrier.
If there are considerable variations in the geological conditions (lithology), it will be
difficult to fulfil this requirement. Furthermore, the compressibility of the material must
be guaranteed in order to prevent the material from swelling out of the deposition hole.
According to KTH, special attention should be given to this problem in connection with
the testing of the "prototype repository" in the Aspo Hard Rock Laboratory. SKI empha-
sizes the importance of SKB taking this into consideration.

SKI is also dubious as regards SKB's statement that backfilling with crushed rock as a
ballast would not present any problem on a time-scale of 100,000 years if a suitable type
of bentonite is selected. At present, there is not sufficient knowledge to be able to select a
suitable type of bentonite. SKB itself states that a few % of potassium in the ballast
material has a considerable impact on the illite formation. The properties have mainly been
studied on the laboratory scale and over short periods of time. According to SKI several
large-scale, protracted experiments must be carried out before this is actually shown.
Furthermore, SKB must prepare a specification for the composition of the crushed rock in
order to be able to discuss the question further. Arthur also discusses this issue and warns
against the presence of potassium mineral in the crushed rock used as backfill material.

The University of Uppsala (UU) believes that the need for a suitable bedrock conditions
in the near field of the repository could be fulfilled through the use of a suitable ballast
backfill of a basic composition. According to the University of Uppsala, hydrothermal-
chemical conversion of natural bentonite should be considered as a suitable method for
obtaining an optimum buffer in the deposition hole. Industrial processes are currently
available for this type of manufacturing.
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According to SKB, an inventory of different buffer materials shows that the initial
smectite content should be 50% in order to be on the safe side with regard to the alteration
of smectite to illite. SKB itself indicates that the montmorrilonite concentrations of
70/80% of a specific bentonite type are preferable. Both Roaldset and SKI share this
opinion.

Roaldset emphasizes the importance of further investigating the importance of pH for
adsorption and desorption processes. Furthermore, Arthur also emphasizes the import-
ance of the redox conditions and their importance in order to achieve a stable chemical
environment. Arthur would also like to see research carried out with the purpose of
understanding the bentonite-pore water chemistry, since this could be of importance when
estimating the source term (release of radionuclides) in the safety assessment.

The thermal conductivity of the buffer has been investigated in the field and has been
compared with theoretical data. The results show that there is a good agreement as regards
water saturation, although not with regard to unsaturated conditions. This is a deficiency
which SKB itself has pointed out. Research remains to be carried out in this area. This is
also stated in SKB's programme.

Arthur is dubious as to whether short-term experiments with bentonite-water reactions can
be considered to be representative of the geochemical environment which may arise over
long time-scales. In his report, he recommends that new experiments should be carried
out which better demonstrate the long-term properties.

SKB believes that natural analogues would provide additional support for the validity of
the model, with regard to temperature-induced alteration of montmorrilonite, since the
process is very slow and cannot be demonstrated in the form of laboratory experiments.
SKI is unable to evaluate this claim at present and is awaiting further information from
SKB.

4.4.4 Calculation Models

Models for thermo-hydro-mechanical processes (THM models) in saturated and un-
saturated buffer have been developed. According to SKB, models for water-saturated
buffer have been most successful. This will become evident when long-term experiments
which are currently in progress are concluded and evaluated within a year. However,
Roaldset and Sallfors emphasize that the model must be further validated, with some form
of statistical analysis of uncertainties or distribution in the calculational results, as well as
through verification with actual laboratory-scale experiments.

According to SKB, the THM model for unsaturated buffer is still very deficient. SKI and
SKI's consultants share this view. According to Roaldset, additional laboratory data are
necessary to calibrate the model as well as to achieve a better understanding of basic
controlling processes (and the assumptions that are made). Large-scale experiments at the
Aspo Hard Rock Laboratory as well as SKB's participation in the international
VALUCLAY and DECOVALEX projects will probably improve knowledge within this
area as well as the calculational models. However, whether this will be sufficient remains
to be seen.

Sallfors would like to see clearer goals established for the phenomena which the model is
to represent and the degree to which various coupled problems can be handled. The
requirements on accuracy and precision in the results must also be discussed and clarified.
SKI also agrees with this.
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Several processes and conditions which determine the turnover of water between the rock
in the near field and the buffer as well as the distribution of the water in the buffer must be
clarified and understood for unsaturated conditions, i.e. processes that occur in connec-
tion with water absorption in the buffer and backfill. At present, a preliminary version of
a general microstructural model (GMM) is available, which illustrates water saturation and
subsequent homogenization. SKB's view that more detailed descriptions are needed is
shared by SKI. Sallfors considers that the model can probably be developed so that
changes in the microstructure, perhaps as a result of swelling or compression and
possible gas flow, can be observed. However, Sallfors is very doubtful as to whether the
model should be developed so that it can be used as a prediction tool. SKI believes that
the question must be further investigated by SKB.

Arthur also comments upon the applicability of the GMM model in different contexts.
Arthur believes that it should be possible to integrate transport and geochemical models
with the GMM model and, in this way, obtain an overall functional model for the buffer
and backfill in the repository environment.

4.4.5 Gas Transport

According to SKB, the gas transport capacity of water-saturated and expanded bentonite
is known. However, the effect of repeated gas pressure increases and gas flows must be
further investigated in laboratory-scale experiments. SKI assumes that SKB also intends
to show that repeated gas permeability cycles do not lead to permanently open transport
channels through the bentonite. This would mean that the flows are not diffusion-
controlled which, in SKI's view, must be further analyzed.

KTH is of the opinion that the bentonite's capability of preventing gas transport and its
behaviour in the cases where gas escapes through the bentonite should be an important
field of research for SKB in the future. In KTH's view, two-phase flow methods should
be applied to the problem of gas/groundwater flow through the highly compacted
bentonite as well as through the bentonite/ballast mixture and especially to the question of
how salt water in combination with gas affects the bentonite barriers.

In this context, Sallfors raises two critical questions which are not dealt with in RD&D
Programme 95.

• Are the number and size of the possible transport paths sufficient to allow for gas
transport to the extent necessary to prevent the swelling pressure from being
attained or exceeded?

• If the existing flow capacity for gas is not adequate, can the clay-aggregate be
moved, thereby increasing the size of the channels without attaining swelling
pressure?

The answer to these two questions is a decisive factor with regard to whether any gas can
escape without the pressure increasing to levels which can cause the bentonite buffer
around the canister to crack and more permanent damage to occur, even in the sur-
rounding rock. According to Sallfors and SKI, this issue has not been sufficiently
investigated and this should be included in the programme of work.

Sallfors states that information on the transport capacity for gas in bentonite is lacking in
RD&D Programme 95. According to Sallfors, if there is some idea of the quantities of gas
which can be formed, the question of transport capacity should at least be discussed, in
order to establish whether it has been sufficiently studied or not. SKI shares this view and
wonders if additional experiments on a larger scale are not necessary to study this
process.
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Sallfors also states that no mention has been made of gas transport in unsaturated
material, even if this is assumed to be a small problem since transport capacity for gas
should be higher in unsaturated earth than in saturated earth. Under the heading
"Programme for Supportive R&D", SKB states, with regard to gas transport, that experi-
ments on low gas flows and repeated cycles of penetration must be carried out in order to
better quantify the gas transport capacity.

According to Sallfors, it is reasonable that experiments with relatively high flows will be
carried out in order to establish the relationship between gas pressure, flow and
penetration or some form of "piping" or channel formation which would jeopardize the
integrity of the buffer.

4.4.6 Concrete

During repository construction and operation, concrete will often be used as construction
and reinforcement material.

Greenpeace is of the opinion that SKB still has not demonstrated the suitability of
different materials in this context. SKI shares this opinion.

Arthur emphasizes the importance of taking into consideration the effect that the cement
material can have on the alteration of smectite to illite.

In SKI's view, SKB has still not made much progress with regard to the evaluation of the
effect of concrete and other materials on the long-term safety of a repository. In SKI's
view, the introduction of foreign material into the repository environment should be
avoided as much as possible. Otherwise, before the repository is closed it may become
necessary to remove certain unsuitable materials.

4.4.7 Overall Evaluation

SKB's work on developing models which describe the function and long-term properties
of the buffer and backfill has, in general, been successful. However, SKI would like to
see a better integration of how any changes in the chemical properties of the clay material
will affect its barrier performance. Furthermore, the question of the transport of gas in the
buffer and backfill deserves attention, e.g. with regard to validating experiments on a
larger scale.

4.5 Bedrock

SKB provides an account of the state of knowledge concerning the barrier function of the
bedrock in a repository in Section 5.5 of RD&D Programme 95, while the programme for
further work is described in Section 11.4.

4.5.1 General Comments

The Mathematical-Scientific Faculty of the University of Gothenburg is confident in the
geoscientific research carried out by SKB. However, the Faculty is of the opinion that a
constructive context for this research is lacking. Without a clear discussion of criteria for
method selection and siting, there is a risk that the geological research will lack a valid
direction.
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SKI's view is that SKB's summary of the state of knowledge concerning the barrier
function of the bedrock in a deep repository is sound and, in certain respects, detailed.
However, SKI would like to see a clear discussion of the areas where knowledge,
according to SKB, is adequate and of the areas where SKB believes that further work
must be done in order to obtain adequate knowledge to be able to analyze the safety of a
deep repository. SKB's RD&D Programme 95 raises questions where additional research
work is necessary. However, in SKI's view, in several cases, the coupling between the
work which SKB specifies as necessary and the needs and requirements of the safety
assessment and site characterization is unclear. SKI would like to see clear and concrete
goals and links established to particular issues for the work that SKB intends to carry out
within this area.

4.5.2 Structural Geology and Mechanical Stability

SKB's overall main goal for activities within this area is to quantify and investigate the
consequences of long-term tectonic effects including earthquakes and glacial cycles.
According to SKB, important sub-goals which must be fulfilled in order to attain the main
goal, are specified in the programme. SKB's work is described very briefly in the
programme and often in vague terms such as "obtain a basis for decision-making",
"further develop", "improve the understanding of, "compile experiences" etc. This
makes it difficult for SKI to evaluate the quality of SKB's planned work.

SKB gives a brief account of the progress made in order to meet the goals specified by
SKB in RD&D Programme 92 for research and development work within the area of
bedrock stability. SKI can observe that SKB has made some progress in carrying out its
plans. However, much work remains to be done, which SKB also states in RD&D
Programme 95. SKI maintains that SKI's review report on RD&D Programme 92
contained several views which should have influenced the programme. However, SKI
has some difficulty in seeing how SKB has taken all of these views into account in the
current programme.

Greenpeace comments on the rock type selected by SKB to host a repository. In
Greenpeace's view, SKB has still not shown that basic rock types (e.g. gabbro) are
unsuitable as a host rock type and therefore maintains that they should be further
investigated.

Greenpeace states that SKB's work on geodynamic and mechanical processes covers a
very complex area, where SKB's research is in the forefront. In Greenpeace's view,
much of an institution's activities can be devoted to work within this area over a period of
10-15 years. Greenpeace encourages SKB to continue its work within this area.
Greenpeace also maintains that the results that are obtained will be of great importance for
the design of a repository.

KTH has commented on SKB's statement concerning the great need for improving
knowledge concerning the mechanical properties of weak zones. In KTH's view, it is
important for SKB to increase its efforts in this area of research as well as in the area of
rock stresses and their variation in connection to the faults, in order to i.a. obtain a
relevant basis for modelling the bedrock stability. SKI shares this view.

Ongoing work within the framework of the DECOVALEX project which deals with
coupled thermo-hydro-mechanical processes has, for example, identified a series of
uncertainties relating to the knowledge required to carry out this type of analysis. The
theoretical assumptions contain uncertainties, there are difficulties in modelling lengthy
time-scales and in transforming laboratory-scale experimental results to large-scale field
experiments. Furthermore, important data concerning mechanical properties in fracture
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zones are lacking. SKI believes that it is important to analyze the uncertainties that exist,
e.g. by relating them to other uncertainties, as well as by investigating how they should
be taken into account in future analyses. A significant factor is, e.g. to understand the
mechanical properties of the rock over long periods of time and to understand how
changes in these properties affect the groundwater flow. In RD&D Programme 95, SKB
has identified some of the need for development within this area. In SKI's view, this
development work should be carried out.

SKB intends to carry out a study of the extent and thickness of previously sedimentary
rock types which, in SKI's view, should improve knowledge of rock-type formation
processes, in general. However, it should also improve the understanding of e.g. why
fracture mineralizations look the way they do today. On the other hand, it is difficult to
establish how successful SKB will be in the discussion of vertical load situations and
their impacts on the Baltic Shield over the time-scale of 400 million years to 200 million
years ago (Devon-Trias), in relation to ice loads occurring in recent times, i.e. from about
1 million years ago (Quaternary period) up to the present time. According to SKI, two
completely different time-scales are involved (millions of years in the case of
sedimentation and thousands of years in the case of ice loads) for the different load
scenarios. The sizes of the affected areas as well as the underlying processes which will
result in different load situations are also different. Furthermore, SKI does not wish to
completely exclude load situations other than those that are vertical as being important in
the context, e.g. lateral displacements. SKI intends to discuss this question with SKB.

SKI agrees with SKB with regard to the importance of further developing methods for the
identification of sub-horizontal structures in the bedrock (low horizontal dipping fracture).
SKI further refers to its evaluation of RD&D Programme 92 and the views which were
put forward then. Greenpeace emphasizes that there is a great need to develop suitable
methodology for the purpose as well as the need for characterizing the mechanical
properties of the structures.

SKB intends to carry out work within the field of rock mechanics on the theoretical side
(with regard to creep movements etc.) and on the practical side with regard to carrying out
rock stress measurements (in the Laxemar deep borehole). SKI considers this to be a
sound and justifiable plan.

However, SKI maintains, and this was also stated in SKI's review report of RD&D
Programme 92, that it is important that the proposed work should explicitly discuss the
risk of a repository and its components, e.g. the effect on bentonite, the canister,
groundwater flow etc. There are strong links here to the scenario analysis which must be
carried out within the framework of a safety assessment.

SKB discusses the occurrence of discontinuities (fractures and fracture zones) and their
displacement sums and how important properties can vary and change with time, for
example, in connection with future ice ages. In order to compile and statistically process
data concerning displacement sums from discontinuities, SKI believes that movement
directions and movement durations must be controlled.

SKI also emphasizes the importance of SKB developing quantitative criteria for the
classification of discontinuities in the bedrock and how these criteria will be applied in
order to determine a recommended "respect distance" from repository components,
canister positions etc. SKI is also of the opinion that the work that SKB is carrying out
should be reconciled with SKI on a regular basis.

Over a long period of time, SKB has developed a glaciation model with the help of which
SKB will be able to determine different effects (e.g. climate and ice age effects) and their
variation with time. In KTH's opinion, SKB's work on the development of an ice age
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model for Scandinavia is of great merit. In this respect, there is a need and desire for
setting up an international project which will unite several research groups and where it
will be possible to evaluate ice age models and assumptions in different case studies.
According to KTH, there is a need to integrate the ice age modelling with analyses of
groundwater flow (regional) and bedrock stability. SKI agrees with this statement.

SKI believes that this area of work is important and intends to closely follow up SKB's
work. At present, SKI is positive to the development work which SKB has outlined.
However, SKI emphasizes the importance of SKB actually specifying and discussing, for
example, input data, the applicability of theories which SKB has used as well as defi-
ciencies and uncertainties and the importance of putting these into their context in the
evaluation of the usefulness of models as well as in the evaluation of the results.

Questions relating to neotectonics and postglacial movements have often been discussed
in connection with the examination and review of SKB's R&D programmes. This has
also been the case with regard to the current programme. SGU states that it is now known
that the last deglaciation, at least in the northern parts of Sweden as well as Finland and
Norway, was followed by very strong displacement movements accompanied by strong
seismic activity. In SGU's view, the probability of the displacement movements in future
reaching a deep repository, or the probability of a deep repository becoming seriously
damaged by subsequent seismic events must be considered to be low. The great signifi-
cance lies in their effect on the water conductivity of the bedrock. Greenpeace also
emphasizes the importance of paying attention to the hydrological aspects.

In the view of the University of Stockholm/SU (Morner), SKB has completely ignored
new findings concerning early tectonics, geodynamics and bedrock movements which
may affect a repository.

The Swedish Natural Science Research Council (NFR) considers that the probability of
fault movements occurring in a rock layer should be more clearly investigated by SKB.
According to NFR, this is important because mechanical destruction caused by move-
ments in the bedrock appears to be the only possibility for radionuclides to spread from
the repository. Furthermore, in NFR's view, SKB should invest in studying any ongoing
movements in the bedrock as well as the risk of new faults arising. This should be done
to a greater extent than in RD&D Programme 95.

SKI considers that the current state of knowledge does not allow certain predictions to be
made for early movements e.g. in connection with glaciations. This places requirements
on SKB to carry out additional analyses concerning underlying mechanisms as well as to
analyze the importance of the movements from the standpoint of safety.

The question of whether the excavated and backfilled repository in itself is a horizontal
plane of weakness has been raised by SKI and other reviewing bodies on different
occasions and SKI has observed that SKB now intends to investigate the issue.

4.5.3 Groundwater Chemistry

In RD&D Programme 92, SKB described the state of knowledge within the area of
groundwater chemistry and in RD&D Programme 95 (Section 5.5.5) SKB describes the
new knowledge acquired in this area since that time. In RD&D Programme 92, SKI stated
that SKB's work in this area was moving in the right direction. However, the focus on
issues of importance to safety assessment could be better presented in the programme
description. At this time, SKI also emphasizes the importance of the coupling to the safety
assessment.
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KTH believes that principal component analysis is obviously an excellent tool in order to
distinguish water from different sources. SKI is positive to SKB's work on the
classification of hydrochemical data using mathematical/statistical models. SKI is also
positive to SKB's efforts to use hydrological data. However, SKI considers that a
description of further quality classification of hydrochemical data is lacking in RD&D
Programme 95.

According to SKB, hydrochemical, geological and geohydraulic investigations and
evaluations together form the core of a site characterization. Furthermore, SKB describes
an integrated programme for such work in Section 9.4 of RD&D Programme 95. SKI
would like to emphasize the importance of integrating these areas. SKI sees the work on
modelling and visualizing hydrology-chemistry-isotope data as one (of several) ways of
using the information from the site characterizations in an integrated way.

SKI is positive to SKB's plans to continue to investigate and describe hydrochemical
conditions in low-conductive rock and to further develop sampling and analysis tech-
niques. The aim of the work is to answer questions relating to the usefulness of equilib-
rium models to a description of the chemistry in the groundwater/rock system. SKI agrees
that this means that work must be continued on the modelling side.

In its Review Report of RD&D Programme 92, SKI emphasized the value of determining
the capability of the rock to maintain a reducing environment at repository depth, even
after disturbances in the form of fuel deposition as well as disturbances caused by external
events such as an ice age. Since then, SKB has investigated the effect of microbial
oxygen and sulphate reduction. SKI maintains the importance of emphasizing and under-
standing the factors determining the redox conditions at repository depth. The further
programme for activities at the Aspo Hard Rock Laboratory includes a description of
REX (Redox Experiment on a detailed scale) which SKI finds valuable. However, in
SKI's view, plans for further work on the modelling side are lacking.

Since the evaluation of RD&D Programme 92, the understanding of what can happen
with the groundwater flow in connection with a glaciation has considerably improved.
For example, nowadays, it cannot be excluded that oxidizing groundwater can penetrate
down to repository depth under these conditions. SKI encourages SKB to develop
methods to, if possible, determine and characterize such changes in the redox conditions.

Previously, SKI has, in the evaluation of RD&D Programme 92, stated that SKB should
develop its methodology for sampling the groundwater from boreholes. Both SKB's and
SKI's own analyses of the groundwater data from Aspo have shown that contamination
by flushing water and by water containing different chemicals makes it difficult to
evaluate the hydrochemical conditions. Thus, SKI would like to emphasize the import-
ance of SKB now compiling its experience from Aspo and developing a practical pro-
gramme for the sampling of undisturbed water before carrying out the planned site
investigations.

The University of Stockholm/SU (Morner) maintains that SKB's work on deep drilling at
Laxemar shows that early, post-glacial water circulation has reached a depth of at least
950 m and probably 1,450 m. Furthermore, in SU's view, these results are in contrast to
SKB's description in its RD&D Programme 95 that the chemical conditions at a great
depth, 1,000 m, were stable on a time-scale of 100,000 years or longer.

SKI is positive to the fact that SKB has started a paleohydrological programme to im-
prove the understanding of groundwater flows and geochemical conditions on a regional
perspective. However, SKB's conclusion that the presence of "old" groundwater with a
high saline content is the same as stagnant groundwater conditions indicates a deficiency
in the co-ordination of hydrogeological evaluations on a regional scale and the geo-
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chemical evaluation. In its review report of RD&D Programme 92, SKI stated that the
presence of old groundwater in a discharge area, such as Aspo, may be due to the
possibility that the water has been transported at a great distance in a regional groundwater
system.

4 .5 .4 Ability of the Rock to Limit Radionuclide Transport

Under this heading in RD&D Programme 95 (Section 11.4.3), SKB mainly deals with
regional flow and transport conditions as well as certain physical and chemical processes
which are linked to the groundwater-hydraulic system. SKI's comments are provided
below. The state of knowledge concerning the rock's ability to limit radionuclide transport
described in Section 5.5.6. Radionuclide transport is also dealt with in Sections 11.5
(Chemistry) and 11.8 (Natural Analogues) of RD&D Programme 95. Therefore, SKI also
comments on this work in Sections 4.6 and 4.7.

A good description of processes and parameters which control radionuclide transport in
the bedrock is provided in Section 5.5.6. However, the description of variables which are
to be predicted (e.g. groundwater flow, porosity, dispersion, retardation) is much too
general in SKI's view. A clearer description of what is required of different models is
necessary with regard to dissolution, spatial variation, the need for different analyses etc.
One concrete example is the question of the precision that is necessary in the analysis of
the groundwater modelling so that it can be used in the analysis of the radionuclide
transport in the near field.

SKB states that analyses of elevation databases have been initiated in order to determine
hydraulic gradients on a regional scale. SKI encourages SKB to continue this work and to
link it to analyses of the regional groundwater flow system. The possibility of using
information on recharge and discharge areas on a regional scale as a site selection factor at
an early stage of the siting of a deep repository is very interesting and should be further
investigated.

As a complement to the planned Tracer Retention Understanding Experiments (TRUE) at
the Aspo Hard Rock Laboratory, SKB intends to develop a tracer retention method which
can be carried out from a borehole. SKI is positive to the fact that SKB is developing in
situ methods to determine, on a detailed scale, parameters for the transport of solutes.
However, SKI would like to encourage SKB to also develop methods for tracer experi-
ments which can be used in connection with surface-based site investigations. Inter-
national experience has shown that repeated tracer experiments, on different scales and in
different directions, can provide valuable information on transport paths and their
characteristics. This view was put forward by SKI in its Review Report of RD&D
Programme 92. SKI's own analyses of site investigation data from Aspo have shown that
it is very difficult to determine the transport properties of the rock on the sole basis of
hydraulic tests (e.g. pump tests).

SKB intends to follow the acquisition of new knowledge concerning geogas transport,
from the standpoint of radionuclide transport as well as in terms of the possibility of using
the information on geogas as an indication of cracks and fracture zones. In the opinion of
the University of Lund, geogas studies are an excellent way of characterizing the
occurrence of fractures and transport paths in order to establish the suitability of a site.
The University proposes that pilot studies should be carried out to investigate whether the
method used internationally and commercially for ore prospecting could provide any
essential information with regard to the identification of a suitable test area for a deep
repository.
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In its Review Report of RD&D Programme 92, SKI stated that the question of the
importance of the geogas as a transport mechanism had to be further studied. In SKI's
view, SKB's level of ambition should be higher than that of merely keeping track of
progress within the area. SKI considers the fact that SKB, through its activities at the
Aspo Hard Rock Laboratory, is acquiring further knowledge concerning gas migration
and two-phase flows to be positive.

According to SKB (RD&D Programme 95, Section 5.5.6), a central area for research is
to further develop methods for the description of the geometry as well as hydraulic and
retarding properties of fractures. Methods for fracture characterization are being tested in
connection with the tracer element tests planned to be carried out at the Aspo Hard Rock
Laboratory. SKI supports this important work. However, at the same time, SKI would
like to emphasize that SKB must also develop methods for the routine characterization of
fracture properties in connection with a site investigation. For example, this applies to the
determination of fracture filling minerals and mineral alterations in drill cores and using
various logging methods. As in its Review Report of RD&D Programme 92, SKI
recommends that SKB should investigate how the geochemical heterogeneity of the rock,
e.g. mineralogical variation, affects radionuclide transport.

4 .5 .5 Modelling Tools and Model Development

Further work carried out by SKB to develop modelling tools and models is primarily
included in the description of safety assessment work (Section 11.7.2) and at the Aspo
Hard Rock Laboratory (Chapter 12). Additional work is described in Section 11.4.4.
SKI's overall evaluation is provided in Chapter 8. In addition to this, detailed comments
are provided below.

SKB's programme covers development work within the areas of groundwater modelling,
radionuclide transport and rock mechanical modelling. KTH would like to see an overall
approach to the couplings between the three areas and states that the development of the
three areas seems to be carried out by SKB in parallel, without clarifying their relevance
to the main problem at hand, i.e. that of modelling radionuclide transport. SKI agrees
with KTH that there are strong links between the different areas and that SKB's
programme does not clearly establish how this integration will be achieved.

It is positive that SKB is discussing the need for alternative conceptual models for
calculating the groundwater flow. RD&D Programme 95 contains a good description of
the principle of alternative conceptual models for the calculation of groundwater flow.
However, a very brief and general description is provided of the programme for the
further development and application of these models. This makes it difficult to evaluate
the planned work. SKI considers that SKB, prior to the planned site investigations,
should clarify its strategy for the application of different groundwater flow models and
their role in the safety assessment. Important questions include e.g. whether selected
models are relevant for the needs of the safety assessment and how the site investigations
should be designed in order to provide adequate data for different models.

Several conceptual models for groundwater flow and transport have been tested within the
international working group attached to the Aspo Hard Rock Laboratory (Aspo Task
Force). SKI assumes that SKB will carry out an overall evaluation of the experience
gained from this important study and that the results will be integrated into SKB's
programme for the development of models and site investigation methodology.

SKB's paleohydrologeological programme is described in Section 5.5.8 Model Tools and
Model Development. In Section 11.4.4, SKB states that the paleohydrogeological pro-
gramme shall be implemented within the programme for the period of 1996-2001 through
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the further development of the glaciatiqn model as well as through the fact that regional
modelling will be exemplified for the Aspo-Laxemar region. As has been stated above,
SKI is positive to the fact that SKB has started a paleohydrological programme.
However, in SKI's view, the programme does not do justice to the work that SKB plans
to carry out in order to, e.g. study mixing processes between saline and fresh ground-
water and to improve knowledge of groundwater turnover and the occurrence of stagnant
water as well as to ensure that data from Laxemar (the deep borehole KLX 02) and Aspo
will be used for comparisons with groundwater modelling on a regional scale which SKB
is carrying out. SKI wishes to emphasize the importance of having an integrated paleo-
hydrogeological programme and considers that the description provided in RD&D
Programme 95 gives a fragmented impression.

SKB plans to further develop the stochastic continuum model, HYDRASTAR, which is
SKB's main alternative for groundwater flow calculations. In the light of SKB's aim to
evaluate alternative models, SKI believes that SKB should also develop discrete network
models for this purpose. Calculations of radionuclide transport in the far field are to be
carried out with a "streamline" model, FARF31, with a highly simplified description of
the rock's heterogeneity in relation to the three-dimensional hydrology models. The use of
streamline models can lead to errors or uncertainties. The importance of these factors for
the calculational results must be described in the safety assessment. SKI is positive to the
fact that SKB is planning to develop FARF31 to be able to handle varying transport prop-
erties (flow-wetted fracture surface and longitudinal dispersion). At the same time, SKI
recommends that SKB should follow the development of more advanced transport
models.

4.5.6 Overall Evaluation

SKI is positive to SKB's summary of the state of knowledge concerning the barrier
functions of the bedrock. However, a clear discussion is lacking of the areas where
knowledge, according to SKB, is adequate and of the areas where SKB believes that
further work must be done before a safety assessment of a deep repository is carried out.
SKB's RD&D Programme 95 raises questions where additional research work is
necessary. However, in SKI's view, in several cases, the link between the work which is
necessary and the needs and requirements of the safety assessment and site charac-
terization is unclear. SKI would like to see clear and explicit goals and links established to
particular issues for the work that SKB intends to carry out within this area.

For example, one question that SKB is recommended to focus on, in particular, is the
stability of the redox conditions at repository depth in connection with glaciations.

Finally, SKI would like to remind SKB that many views which were presented in
connection with the Review Report of RD&D Programme 92, are still relevant in this
context, and that if they have not yet been dealt with, they should be included in SKB's
future plans.

4.6 Chemistry

4.6.1 Introduction

According to SKB, the goal for work within the area of chemistry is to:

• measure and update basic data for the calculation of solubility and complexation
• determine how colloids, organic complexes and microbes affect the mobility of

radionuclides
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• determine the reduced mobility (retention) of radionuclides in rock and backfill
material due to sorption and diffusion

• evaluate the chemical impact of cement and microbes in a deep repository.

In RD&D Programme 95, SKB states that in its opinion work within this area has come
very far with regard to a deep respository for spent nuclear fuel and that, consequently, it
has been possible to reduce the scope of work somewhat. Investigations have focused
more on applications, while general and basic studies of solubility, complexation and
diffusion have been concentrated to the project for other nuclear waste (see Section 4.9).

SKI has no major objection to make to SKB's way of prioritizing this work on condition
that the basic studies concerning the chemistry of radionuclides, especially, actinides, can
be actively maintained in Sweden. Focusing on applications within the safety assessment
is important, for several reasons. Chemistry in the safety assessment is an area where it is
particularly difficult to use realistic models, since the possibility of different types of
interactions is inexhaustible in practice. On the other hand, it is often easy to find sim-
plified models which, in any case, do not lead to an underestimate of the consequences
for most scenarios. However, conceptual difficulties exist with regard to the coupling
between chemistry and transport. This should be better investigated. This is the case for
the heterogeneity of the rock and the chemical processes that develop in the system of
engineered barriers, including the fuel. Work within these and related areas is particularly
important for an analysis of the uncertainties.

The increased focus on work on the repository for other nuclear waste is well-motivated
and SKI has advocated this change in priority both in connection with the evaluation of
the safety assessment for SFR-1 and in its Review Report for RD&D Programme 92.
However, SKI reiterates that results from future safety assessments may lead to further
changes in priorities.

4.6.2 Solubility, Complexation and Kinetics

When calculating solubilities and other factors affecting radionuclide mobility in the
barrier system, thermodynamic data and models are used. Over a long period of time,
SKB has supported developments in this area, both with regard to the measurement of
new thermodynamic data and in connection with the international evaluation and
compilation of data under the auspices of the OECD/NEA. Progress in this area has been
slower than that anticipated at the time work was started about 10 years ago. In many
cases, very little data are available. This can be a problem with regard to certain critical
tracer elements including neptunium and technetium. However, even in these cases,
important work has been carried out by SKB. This work has been reported since RD&D
Programme 92.

Plutonium studies is the area currently prioritized by SKB. However, SKB states that
other elements may be topical to the extent that uncertainties in the databases are indicated
by the safety assessments. SKI believes that this type of priority, established on the basis
of the needs of the safety assessment, is particularly important now that vital deadlines for
reporting are approaching.

Furthermore, SKB has carried out experiments to determine that certain important
reactions are not prevented due to slow reaction rates. According to SKI, this is a good
example of the kind of study which should be carried out in order to avoid discussions at
a late stage in connection with an actual safety assessment.
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Finally, SKI agrees with SKB that co-precipitation reactions are difficult to use in the
safety assessment, at least with regard to radionuclides which can play a more decisive
role.

SKI's view is that, in this area, SKB has carried out significant work. However, SKI
wishes to emphasize the importance of further studies, which are also necessary in order
to maintain a high level of competence in Sweden within this area.

4.6.3 Sorption and Diffusion

Sorption on mineral surfaces in the rock and diffusion through the buffer and into fissures
in the rock matrix are the retention mechanisms which are used in the safety assessment.

Greenpeace emphasizes that there is uncertainty as regards how sorption data will be used
and with regard to their validity for the conditions in the rock. In Greenpeace's view, the
Kd concept itself is also a subject for criticism.

SKI has nothing to object to the way in which these phenomena are described and used
by SKB. With regard to sorption, the Kd model has often been criticised for providing a
much too simplistic description of sorption equilibria. However, SKI agrees with SKB
that this model is probably the only useful retardation model for radionuclides for the
foreseeable future. Through a conservative selection of such sorption data, it should be
possible to avoid overestimating this barrier function. In SKI's view more advanced
models for sorption (e.g. surface complexation, ion-exchange) should be used to estimate
variations in K<j as a function of the chemical phenomena, which in turn, vary in time and
space. The size of these variations and their importance are as yet fairly unknown factors,
and knowledge must be improved. This is the same with the potential co-variation of
sorption data and other transport parameters such as groundwater flow, matrix diffusivity
and the flow-wetted surface area.

SKB states that there are good, useful compilations of parameters which describe sorption
and matrix diffusion. However, it may be necessary to supplement this information with
the advent of new technology for sampling and measurement. In SKI's view, this type of
supplementary data will also be necessary bearing in mind the fact that these data should
be considered to be site-specific in the safety assessments carried out in connection with
the licensing of a repository.

SKB's plans also include the further measurement of parameters for the transport of
cesium and strontium in the bentonite buffer. SKI supports these activities, and reiterates
that the need for these measurements was stated in SKI's evaluation of RD&D
Programme 92.

4.6.4 Organic Substances, Colloids, Microbes

Natural organic complexation agents such as humus and fulvic acids have long been
considered an area of difficulty with regard to assessing the barrier function provided by
sorption. SKB has followed developments in this area from the start and has contributed
to experimental and theoretical studies of complexation involving these organic sub-
stances. In particular, it is the sorption of trivalent actinides which is affected. This has
also recently been confirmed in a PhD thesis. However, according to SKB, the con-
centration of complexing agents in deep groundwater is so low that the reduction of radio-
nuclide sorption is limited or even negligible. In the forthcoming period, SKB states that
it intends to continue to identify natural concentrations of humus and fulvic acids. The
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identification of other organic substances in the groundwater as well as from material in
the repository is also included in the programme.

In KTH's view, it is important to identify the effect of other hydrophilic organic
substances - besides humus and fulvic acids - on radionuclide transport. Furthermore,
the concentrations of these substances may increase with an increase in depth through the
downward movement as long as the repository is drained.

SKI agrees with SKB that the probable effect of humus and fulvic acids is normally
limited in the way specified by SKB. However, SKI would like to reiterate that the
concentrations of complexing agents is a site-specific characteristic. SKI recommends that
SKB should identify and analyze scenarios that can lead to an increase in these
concentrations.

Collodial transport is another phenomenon which could reduce the effect of the rock's
barrier function. Attempts have shown that colloids can absorb and transport radio-
nuclides. However, according to SKB, the concentration of colloidal particles is so low in
deep groundwater that there is no significant impact on radionuclide transport. SKB's
plans include following the progress of work in this area and following up the
concentrations. The formation of colloidal particles in the near field and the possibility of
these particles being transported with gas bubbles will be investigated.

KTH believes that the studies of the impact of colloids, particles and microbes on the
dispersion processes are beginning to show results and that it is important to continue
these studies. SKI, which has followed the progress of work within this area through its
own modelling work, agrees with SKB that colloidal transport probably does not pose a
problem, in the normal case. At the same time, SKI would like to emphasize the possibil-
ity that considerably greater concentrations of particles may occur in the groundwater in
connection with certain scenarios. SKI recommends SKB to analyze such cases in closer
detail in order to determine the need for greater in-depth knowledge in the area.

Microbes in a deep repository are a phenomenon that is difficult to understand, since
practical studies within this area requires interdisciplinary research involving vastly
different scientific areas. SKB believes that this is an important area and says that it has
been prioritized since 1992. According to SKB, the prime importance of microbes might
be that they function as catalysts for such chemical processes which can affect the environ-
ment in a deep repository. This mainly refers to the possibility of sulphate reduction into
sulphur or sulphide, which could promote corrosion of the copper canister. SKI also
believes that, of the processes specified by SKB which may be affected by microbial
action, sulphate reduction should also be studied in particular. This has also been
observed by NFR.

In NFR's view, SKB's claim that the living environment of the bacteria is limited in the
bentonite buffer which means that their importance in that context is insignificant seems to
lack adequate support. KTH believes that it is positive that attention is being focused on
sulphate reduction and sulphate-reducing bacteria. Greenpeace calls into question SKB's
conclusion that bacterial transport can be discounted, especially with regard to the fact that
it has not yet been possible to describe all types of bacteria.

In SKI's view, there is no doubt that SKB has contributed to a breakthrough in the area
of the impact of microbes in a repository. However, SKI believes that there is still a lot
left to do in this field. SKB's account of the state of knowledge in the area is a good
example of the integration of various disciplines which is necessary to effectively fulfil the
needs of the safety assessment. The model specified by SKB to describe the limited living
environment of sulphate-reducing bacteria in the bentonite buffer may have to be
discussed in greater detail, e.g. with regard to the occurrence of different strains of
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bacteria. In general, SKI would like to emphasize that the microbiology in a repository is
subject to major changes as long as the systems are kept open. Furthermore, the materials
which are taken down into the repository are not sterile. According to SKI, this is an
example of areas where continued work may be found to be necessary.

4.6.5 Overall Evaluation

As in its Review Report of RD&D Programme 92, SKI considers that SKB's programme
in the area of radionuclide chemistry is well structured, focusing on both geochemistry
and safety assessment. For this reason, SKI has no comment to make on the direction of
the programme, on the whole. At the same time, SKI recommends that SKB should
continue the study of radionuclide (especially actinide) chemistry without reducing the
extent of work carried out, in order to maintain an adequate level of competence in
Sweden. SKI agrees that the study of chemical factors affecting radionuclide transport
(sorption, diffusion, complexation and colloids) should focus on applications, i.e. such
studies should be more explicitly directed towards specific sites and scenarios. Further-
more, in this context, it should not be forgotten that any correlations among these factors
may have to be incorporated into the safety assessment. The study of microbes in a
repository is a relatively new field. From all indications, considerable work is necessary
in this area.

4.7 Natural Analogues

4.7.1 Introduction and Background

In SKB's view, there is a considerable body of data from studies of natural analogues
which can be used to assess the long-term safety of a deep repository. So far SKB has
used this information in a more sporadic fashion for its own safety assessments such as
KBS-3 and SKB 91, with the main application on conditions in the near field. SKB also
refers to a book where specified and similar examples of analogues are described.

In the forthcoming programme, SKB will prioritize participation in three major analogue
projects: Jordan, Oklo and Palmottu while the Alligator Rivers, Po?os de Caldas and
Cigar Lake projects have now been completed. The goal of analogue studies is to obtain
information in order to evaluate (validate) the assumptions and models used to describe
long-term processes which are important to the safety of the deep repository. Through
SKB's continued participation in the EU's Natural Analogue Working Group (NAWG),
an expert evaluation of the quality of the results as well as their usefulness in the safety
assessment can be achieved.

In its Review Report of RD&D Programme 92, SKI presented a series of general views
on studies of natural analogues, which are still valid:

• Studies of natural analogues are one of the most important methods for the
validation of assumptions and models in the safety assessment, especially with
regard to larger temporal and spatial scales.

• In these studies, it is absolutely necessary to establish how the results can be
transferred and applied to the deep repository environment.

• Thus, the studies must often not only cover the detailed mechanisms but also a
broadly based system study of the historical development of the site for the
analogue.

• In certain respects, the site for a deep repository in itself can be used as a natural
analogue.
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These principles are applied in most of the studies of natural analogues, including those in
which SKB is a participant.

In summary, SKI considered that the work carried out so far by SKB to study natural
analogues was commendable and that this work should be pursued. The experience from
large interdisciplinary projects (Pocos de Caldas and Alligator Rivers) emphasizes the
importance of always keeping work focused on the validation needs. The aspects relating
to safety assessment, especially concerning modelling and any differences in geochemical
environment must be taken into consideration from the very start when planning new
projects.

SKI also stated that, in its programme, SKB had not dealt with the use of anthropogenous
analogues (the use of archaeological finds and other relics of human activity) in the same
way as the natural analogues. In SKI's view, these possibilities must not be neglected,
particularly bearing in mind studies of processes which can occur in a repository for low-
and medium-level waste.

4.7.2 SKB's Participation in Analogue Studies

Cigar Lake
The analogue study in Cigar Lake in northern Saskatchewan, Canada was carried out
under the leadership of the AECL. Joint work between SKB and AECL was started in
1989. The work has now been completed and the results have been published. The ana-
logue consists of a 1.3 billion-year old uranium ore deposit, surrounded by clay and
situated at a depth of 430 m in a sandstone formation. Around the ore, a clear redox front
has formed through radiolysis in the ore and surrounding clay, where oxidizing sub-
stances are continuously formed in measurable amounts. There is a tangible similarity
between this analogue and a repository for spent nuclear fuel.

The conclusions drawn by SKB from the project include the following:

• the redox conditions in the deep groundwater has reduced the solubility of uranium
and prevented it from spreading,

• the low hydraulic conductivity of the clay in and around the ore has slowed down
the release of mobile nuclides,

• radiolysis has had a moderate impact, in spite of the lengthy exposure.

According to SKB, it is possible to describe the redox conditions with currently used
geochemical models and it has been possible to describe the release (of mobile elements)
from the near field using mass transport models which are used within safety assessment.
According to SKB, it should also be possible to apply the model which has been
developed to describe the radiolysis of the groundwater in contact with ore to study spent
nuclear fuel in a damaged canister.

SKI agrees with SKB that the Cigar Lake project is the best example so far of a natural
analogue where the best conditions are available for carrying out an integrated assess-
ment. SKB has taken advantage of this excellent opportunity for the internal validation of
designs and models.

Jordan
The occurrence of hyperalkaline springs in Maqarin (active) and in central Jordan (fossil)
is being studied as an analogue for concrete in a deep repository. SKB states that some of
the goals of this project are to investigate how the hyperalkaline water has affected the
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accessibility of the host rock to matrix diffusion by radionuclides as well as evaluate
calculational models which couple mass transport with chemical reaction and are used to
assess the influence of cement in a repository.

Oklo
Investigations are being carried out at three different sites in Gabon where remains of
natural reactors have been found: Oklo (an open pit mine), Okelobondo (an underground
mine) and Bangombe (a prospecting area). The reactor zone in Bangombe is SKB's
primary area of interest where the French CEA aims to concentrate on quantitative
evaluation of processes which affect the retention or migration of radionuclides within the
planned programme (Phase II). A couple of goals which are worth mentioning are the
improvement of knowledge concerning the capacity of the natural materials to retain
radionuclides and to identify slow processes (thousands of years) which could affect the
transport of radionuclides.

In SKI's view, further work in Oklo will hopefully provide important knowledge on the
processes which affect radionuclide transport and this experience may be useful when
carrying out site investigations for a repository with a direct link to the required safety
assessment.

Palmottu
Finland would like to continue the analogue investigations in Palmottu in the form of an
international project with the support of the EU. The advantage of Palmottu is that
roughly the same bedrock and conditions occur there as those which generally occur in
Sweden. The aim of the planned programme is to achieve a quantitative description of the
occurrence of uranium-torium in granitic rock and to evaluate the relative importance of
the processes which control water flow in crystalline bedrock. Investigations and model
calculations of geochemical oxidation and reduction on the mobility of radionuclides in
crystalline bedrock are also planned. Furthermore, plans include the investigation of the
importance of different mechanisms for the retardation of radionuclides as well as the
investigation of the importance of repeated glaciations on the characteristics of the rock.
SKB intends to use the acquired knowledge and data from the studies to develop and
refine models used within performance and safety assessment.

Comments of the Reviewing Bodies
In its review of RD&D Programme 95, Greenpeace maintains that SKB is not honest and
does not admit that most researchers working with analogues, especially the authors of
the book which SKB refers to, state that there are significant problems associated with the
direct transfer/application of results obtained through analogue studies to a repository
scenario. SKI would also like to reiterate these difficulties which should at this stage be
taken into account as a matter of course whenever natural analogues are used in safety
assessments.

4.7.3 Overall Evaluation

In SKI's view, the major analogue studies share the common feature that they are multi-
disciplinary projects where significant experience and knowledge can be acquired. The
Cigar Lake and Oklo projects are good examples of successful joint international projects.
The results which are of direct use may appear to be limited in relationship to the work
which has been done. However, this is balanced by the improvement in the general state
of knowledge which analogue projects can provide. As in SKI's Review Report of
RD&D Programme 92, SKI considers that the work carried out by SKB with regard to
the study of natural analogues has been successful. Consequently, SKI recommends that
SKB should pursue its work with natural analogues and that this should be planned on
the basis of a broadly based validation strategy.
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4.8 Biosphere

A very brief description of biosphere-related issues is presented in RD&D Programme 95.
SKB maintains that for time periods up to the next ice age, site-specific data can be
expected to provide a basis for a more or less significant forecast of radiation doses from
the repository. For subsequent time periods, the uncertainty in the consequence
assessment for the repository will be very great since it may be necessary to use generic
biosphere data. SKB believes that the uncertainties can then be very great with a
confidence interval of several orders of magnitude. However, this may be acceptable if
the issue is one of showing that dose limits are not exceeded. However, such
uncertainties mean that any optimization of the radiation protection will be meaningless. In
RD&D Programme 95, SKB describes how various sub-goals presented in RD&D
Programme 92 have been reached.

Only two reviewing bodies have raised the question of the biosphere. The Swedish
University of Agricultural Sciences (SLU) emphasizes in particular that a forest
ecosystem will be located above the repository and therefore proposes that SKB should
concentrate on studying such a system. Furthermore, SLU proposes that experience from
the Chernobyl accident should be used.

SSI emphasizes that the main direction should be to use today's biosphere as a point of
departure. SSI maintains that it intends to describe the interpretations which may be poss-
ible with regard to the estimates of health- and environmental impact in a remote future.
Furthermore, SSI would like SKB to prepare to present a report on environmental goals.

In summary, as far as biosphere-related issues are concerned, SKI finds that they have
been treated very briefly by both SKB and the reviewing bodies. In this context, SKI
wishes to remind SKB that it may also be possible to develop other safety indicators
besides radiation dose. This view was also expressed in connection with SKI's evaluation
of RD&D Programme 92.

4.9 Other Waste

4.9.1 Introduction

A safe and functional handling and final disposal of nuclear waste generated by the
Swedish nuclear reactors requires the development, design and planning, construction
and operation of several facilities. Parts of this system are already in operation, while
other parts are still in the planning stage. The different types of nuclear waste which have
to be managed, besides spent nuclear fuel, are operational waste from the nuclear power
plants, decommissioning waste, certain core components and alpha-contaminated (long-
lived) waste. Radioactive waste from industry, research activities and hospitals must also
be handled and disposed of in these facilities. The system for the management of this
waste includes the following repositories:

• The repository for radioactive operational waste, SFR-1 (taken into operation in
1988)

• Repository for decommissioning waste and long-lived low- and medium-level
waste, SFL-3

• Repository for decommissioning waste from CLAB and the Encapsulation Plant,
SFL-4

• Repository for reactor core components, SFL-5
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This chapter deals with the topics discussed in Sections 5.9 and 11.9 of SKB's RD&D
Programme 95.

4.9.2 Waste for SFR-1

SKB starts off by describing the stipulations in the existing operating licence for SFR-1:
new safety assessments once every ten years, a new safety assessment prior to the closure
of the repository, a special monitoring programme for the acquisition of site-specific
knowledge.

SKB states that a need for greater knowledge of long-term properties for certain waste
materials and additives has been identified. Knowledge of the long-term properties of
organic materials is limited at present. In particular, this applies to biodegradable products
of cellulose and their complexation with radioactive materials such as plutonium. SKB
plans to ensure that there will be an exchange of knowledge between the programmes for
SFR-1 and SFL 3-5.

SKI reiterates that these studies are a requirement for the further operation of SFR-1. In
turn, this requirement is a result of SKI's and SSI's followup evaluation of the long-term
safety of SFR-1. SKI has already pointed this out in its evaluation of the previous RD&D
Programme.

SKB does not state how forthcoming safety assessments for SFR-1 will be structured,
e.g. how the scenario analysis will be structured, or how new models for radionuclide
transport in the near field will be developed. In SKI's view, such information is a
minimum requirement for the next RD&D programme.

4.9.3 Other Waste

By other waste, SKB means long-lived low and medium level waste which is to be
disposed of in SFL 3-5. According to SKB, SFL 3-5 will be located at a depth of about
500 m and about 1 km from SFL 2. The waste for SFL 3 will be packaged in concrete or
steel containers, depending upon the type of waste. In turn, these will be placed in
concrete compartments in a rock cavern. The space between the concrete compartments
and the waste containers will be filled with porous concrete. The space between the outer
concrete construction and the rock cavern walls will be filled with bentonite and a mixture
of sand and bentonite. The rock cavern will then be filled up to the ceiling with a mixture
of sand and gravel. A preliminary plan for the waste for SFL-4 includes packaging the
waste in cubical steel containers which will be emplaced in a tunnel system with a
concrete floor resting on gravel and sealed with sand. In SFL 5, the waste will be placed
in a steel-concrete construction which in turn will be placed in large concrete constructions
inside three rock caverns. Upon closure, the area between the rock and the outer concrete
construction will be filled by sand.

SKB has provided a description of the pre-study of the performance of the barriers in
SFL 3-5 which has been carried out. The pre-study includes a preliminary safety assess-
ment of a repository for long-lived low- and medium-level waste. SKB has not carried
out a complete scenario analysis and has limited itself to studying a simplified reference
scenario based on a reduced influence diagram (according to the PID method, see Section
4.2). Preliminary calculations of radionuclide releases from the near field to wells indicate
that the dose does not exceed 0.1 mSv/year. Gas formation and the rate at which this can
occur is also discussed. However, the discussion results have not been included in this
study as a possible cause for radionuclide transport from the repository.
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An inventory and characterization of the waste to be deposited in SFL 3-5 have also been
carried out within the framework of the feasibility study. SKB indicates that the inventory
is not conclusive but that it is based on assumptions about what will be produced in the
future. As can be seen in the preliminary values, SFL-5 is the facility with the greatest
radioactive inventory. Most of the radioactivity will originate from Ni-63 during the first
1,000 years and, after that, from Ni-59.

SKB plans to continue the feasibility study in a second phase, Phase II. This phase will
include an account of the radionuclide inventory and chemical database. Furthermore,
analyses of alternative scenarios, an account of the barrier properties, different design
alternatives and a development of transportation models will be included.

In SKI's view, SKB has now carried out the first safety assessment, even though it is
preliminary. As SKB also emphasizes, several scenarios still have to be analyzed, e.g.
long-term changes in the barriers, consequences of gas formation and ice-age scenarios.
SKI agrees with SKB that there is still a considerable amount of work to be done.

Greenpeace emphasizes that the scenarios which still have to be analyzed seem to be the
most critical for the entire safety assessment. SKB should ensure that the pace of this
work can keep up with the work carried out for spent nuclear fuel.

In RD&D Programme 95 (Section 5.9.4) SKB comments that "The calculated release of
radionuclides is so low that the near field alone would suffice as a barrier. The results
suggest that the proposed design of the repository is purpose-suited." In SKI's view, this
can only apply for the given conditions specified in the reference case. Other scenarios,
which are easy to defend may be found to lead to greater doses. SKB's own calculations
with a tank reactor model and with degraded barriers are an indication of this. Therefore,
it is important to strictly demonstrate the long-term properties of the barriers. Above all, it
is very important that SKB should not "lose ground" with regard to the further work
which was started in the preliminary safety assessment, i.e. that SKB's own proposed
continuation of the pre-study, Phase II, should be given high priority.

SKI looks forward to SKB's work on the preliminary safety assessment of the repository
for long-lived low- and medium-level waste. It is important that SKB should continue to
develop the programme in this area, in more explicit detail, and to follow up the pro-
gramme, especially bearing in mind the requirements which exist on a safety assessment
of the entire final disposal system.

4.10 Summary of Evaluation

The evaluation of SKB's supporting R&D that SKI carried out on the basis of RD&D
Programme 92 is still valid, on the whole. SKB's research work is mainly of a high class
and is often ranked among the most outstanding of its kind. In most areas, activities are
carried out in the form of joint international projects which means that the necessary
conditions exist for broad support for the results obtained by the scientific community.

In contrast to the generally positive view of SKB's work, certain deficiencies exist with
regard to the fulfilment of requirements which must be made on a programme of this type
when it is time to translate the results into practical application. This does not only apply
to the actual design and construction of facilities. To a greater extent, it applies to the need
for complete and well-integrated safety assessments. Over the next ten-year period, SKB
plans to construct an encapsulation plant, carry out at least one complete detailed
characterization as well as start the construction of a deep repository. Before decisions are
made concerning these activities, safety assessments must be carried out. Consequently, it
is necessary that SKB should ensure that the research which is conducted during the
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period of time up to each decision-making deadline is sufficiently appropriate. Thus, more
than ever before, the research work must be steered by the needs of the safety
assessment. Furthermore, the resources which are created - human as well as knowledge-
based - must be organized in such a fashion that they promote the necessary integration of
the different areas of knowledge. An example of this is the link between methods for site
investigation and site evaluation. The conclusion is that, in order for this type of steering
to be possible, it must, in turn, be based on preliminary safety assessments. Thus, in
actual fact, recurrent safety assessments should be a natural part of an effective RD&D
Programme.

Another essential point is that SKB should ensure that resources are allocated to different
areas in an optimum fashion, bearing in mind the importance of different barriers in the
repository for example. For natural reasons, SKI should refrain from providing detailed
comments on this point: it must be primarily SKB's responsibility to allocate the
resources between different areas. SKI's responsibility is to ensure that the methods and
reasons specified by SKB for this allocation are rational and well-founded. In this case, it
is also difficult or impossible to prioritize and to make a list of issues which must be
resolved without carrying out integrated safety assessments.

With regard to the various subject areas, the criticism that SKI has expressed does not
mean that the direction of work on any particular subject is severely misguided or that
results obtained so far indicate unsurmountable obstacles to the possibility of constructing
safe facilities. However, as before, SKI is dubious about whether the necessary know-
ledge and experience can actually be attained by SKB within the short period of time
which remains, in accordance with SKB's plans. On the other hand, it is clear that much
of this necessary knowledge is already available elsewhere than within SKB. Once again,
it is difficult to make an evaluation of such possible deficiencies in knowledge without
access to the experience provided in a complete safety assessment.

The development of methods to analyze scenarios has shown great progress over the last
three-year period. However, much work remains to be done before these methods are
developed into sound tools to ensure the completeness and quality of safety assessments.
SKI recommends that SKB should not make an irreversible commitment to any single
method in order to study the system of interdependency between processes in a reposi-
tory.

SKI is critical to SKB's description of its fuel investigation programme. The integration
of experiments and model development on the basis of the needs of the safety assessment
started at a late stage and SKI recommends that SKB should speed up this work in order
to optimize the work on the experimental side.

The work on developing models which describe the function of the buffer and backfill in
the repository has, in general, been successful. However, SKI would like to see a better
integration with the rest of the knowledge base on issues concerning possible changes in
the chemical properties of the buffer. Furthermore, the question of the transport of gas in
the buffer and backfill deserves greater attention.

The breadth of SKB's description of the state of knowledge with regard to the function of
the rock as a barrier in a repository is satisfactory and, in certain cases, an indepth
description is provided. However, in many cases, SKI considers that the link between the
planned work and the requirements of the detailed characterization and safety assessment
is lacking. SKI recommends that SKB should pay particular attention to the stability of
the redox conditions in water-bearing fractures at repository depth during ice ages and
develop methods to, if possible, establish and characterize changes in this safety factor.
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In SKI's view, the content of SKB's programme within the area of chemistry is
satisfactory with a relatively good base in geochemistry and the needs of the safety
assessment. SKI recommends that SKB should continue its work on radionuclide
chemistry, pursue its plans to apply the results that it has obtained from the safety
assessment and continue its work on studying microbes in a repository.

SKI is of the opinion that SKB's work on studying natural analogues has been
successful. Consequently, SKI recommends that SKB should continue work in this area,
based on the needs of the safety assessment.

As far as biosphere-related issues are concerned, SKI finds that they have been treated
very briefly by both SKB and the reviewing bodies. In this context, SKI wishes to
remind SKB that it may also be possible to develop other safety indicators besides
radiation dose. This view was also expressed in connection with SKI's evaluation of
RD&D Programme 92.

With regard to the management of other nuclear waste, SKI looks forward to SKB's
work on the preliminary safety assessment of the repository for long-lived low- and
medium-level waste. It is important that SKB should continue to develop the programme
in this area, in more concrete detail, and to follow up the programme, especially bearing
in mind the requirements which exist on describing the total final disposal system.

In this context, it may be suitable to present some principles which should be followed in
connection with the evaluation of all safety-related research. First of all, it must be
possible to make decisions even if an essential area is not considered to be "completely
researched." However, the decision must be based on adequate knowledge in the sense
that additional knowledge cannot be expected to lead to a different decision. This usually
means that the decision is based on simplified assumptions which, with a reasonable
measure of certainty, will lead to the overestimation of consequences or risks. Thus,
further research can be aimed at refining the methods of predicting consequences in order
to obtain smaller margins and thereby lead to economic savings.

It would be unscientific not to admit that further research after the construction and
commissioning of, e.g. a repository, can also lead to re-assessments of the lifetime and
performance of the barriers which may apply more or less for a long period of time. (This
is the case even if the opposite will probably most often apply: greater knowledge should
lead to an increase in the part of the safety assessment that is provable). This type of
questioning may turn out to be more or less permanent in nature. Some of these issues
will be simply resolved through the adjustment of available models or with new
calculations. Other issues will require lengthy and costly experimental studies to show
that any fears are actually exaggerated. Furthermore, the fact can never be overlooked that
new findings or the role of different barriers must be re-evaluated over an unforseeable
period of time.

Some of the safety-related issues will not be completely resolved or perhaps, even known
when the repository construction starts. Technological and scientific progress continues
even after decisions have been made. In nearby countries, increasingly intensive R&D
work within this area can even be expected to be carried out during the decades following
the year 2000. In this perspective, it would be unreasonable not to continue to carry out
active research in order to follow progress within the area and apply new findings, not
only for the sake of identifying potential safety-related problems. Work must contin-
uously be carried out so that new safety assessments can be made. Requirements will be
made, on recurrent safety assessments at regular intervals during repository operation as
well as an analysis before the closure of the repository.
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Thus, SKI recommends that SKB should present the measures which must be adopted in
order to maintain a strong and effective research organization which can undertake
independent safety evaluations and safety assessments and which is independent of the
work on the construction and operation of the future facilities.
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5 Canister Manufacturing and Encapsulation

5.1 Introduction

In this chapter, SKI discusses Chapters 6 and 7 of SKB's RD&D Programme 95.

According to the plans described by SKB, the encapsulation plant must be completed
prior to the deposition of the fuel in the repository which is planned to start in the year
2008. It is planned to construct the plant near to CLAB at Oskarshamn. SKB's goal is to
submit by year-end 1997, in accordance with the Act on Nuclear Activities and the Act
concerning the Management of Natural Resources etc., an application for a licence to con-
struct the encapsulation plant. SKB intends to start construction two years later. A project
plan for the construction of the facility is presented in RD&D Programme 95. Since
RD&D Programme 92 was presented, plans have been added to construct a pilot plant for
development and to carry out methods for the sealing and control of canisters.

In RD&D Programme 95, SKB's reference canister has been modified. The steel cylinder
which was previously intended to be the load-bearing component in the canister has been
replaced by a cast steel insert. SKB's evaluation is that the problem of selecting a suitable
backfill material for the canister has thereby been eliminated. A first trial casting has been
carried out which shows that casting is a feasible method for manufacturing the canister
insert. However, much development work still has to be done before a full-scale canister
insert can be manufactured which fulfils the requirements which may be made.

It was difficult to follow the reasons for different decisions in the text of RD&D Pro-
gramme 92. This comment also applies to RD&D Programme 95.

The encapsulation process is briefly described in RD&D Programme 95. This was also
the case in previous RD&D programmes. It is understandable that the research pro-
gramme cannot contain all of the details. However, SKI believes that more detailed plans
should be presented than have so far been the case. SKI would also like to be kept
informed of such information as it is acquired.

5.2 Premises and Goals

A description of the work to develop the canister which will be used to isolate the fuel for
long timescales is presented in this section. Design and planning work for the encap-
sulation plant is also presented here. SKB states that the canister must be leaktight. The
mechanical and chemical stability must be adequate so that holes cannot arise in the
canister during the disposal period. In SKI's view, it will be a demanding task for SKB
to resolve manufacturing and quality control problems before the turn of the century.

SKI confirms that SKB has prepared a plan for how canister development work will be
carried out. In SKI's view, this is a positive step. However, considerable development
work still has to be done in this area. Major efforts will be required, if the time-schedule
is to be followed. SKI would also like to see a more thorough investigation of certain
issues. If the work on selected materials, manufacturing processes and procedures for
non-destructive testing turn out the way that SKB expects, it may be possible to keep up
with the time-schedule. However, SKI envisages that there will be considerable difficulty,
in attaining satisfactory results within all of the specified target areas.

In SKI's view, the selection of oxygen-free copper with 50 ppm phosphorus would
appear to be acceptable if the canister can be manufactured from a sufficiently fine-grained
copper. Most of the available specifications apply to materials where a grain size of less
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than 100 (im is assumed. Fine-grained structures may be difficult to achieve in the manu-
facturing of components of large dimensions. SKB has also found this to be the case.
Therefore, in SKI's view, the material of manufactured canisters cannot be considered to
fulfil such a standard specification. Thus, a study of the material properties which are
necessary to ensure the fulfilment of the requirements of such a specification may have to
be carried out.

5.3 Selection of Canister Material

As was previously mentioned, SKB has proposed that oxygen-free copper with an
addition of 50 ppm phosphorus should be used as the canister material. It is claimed that
phosphorus raises the recrystallization temperature of (pure) copper. A more refined
structure is thereby achieved. In SKI's view, SKB should investigate the importance that
phosphorus has during hot working, which is probably the manufacturing method that
SKB plans to use for canister manufacturing. SKB has carried out tests which show that
oxygen-free copper with an addition of phosphorous has a better creep ductility than
oxygen-free copper without phosphorous. The reason for this has not been entirely
established. In SKI's view, this question should be further investigated and SKB should
try to find out whether the creep rupture limit is also improved.

SKB has specified a maximum grain size of 250 jim as suitable for use in the copper
canister. This grain size has not yet been tested by SKB. SKI would like the materials
tests which have so far been carried out on a smaller grain size to also be carried out on
the grain size which is finally obtained in order to determine creep and corrosion. Thus, in
SKI's view, SKB should also verify the positive effect of phosphorus on creep ductility
even with the larger grain size as well as the mechanism for this, so that the effect can be
taken into account when developing the quality control methods.

The use of a larger grain size may make greater demands on restricting the extent of
impurities, since enrichment occurs in the grain boundaries. This means that a small grain
boundary area (large grain) will result in a material with a higher degree of impurities in
the grain boundaries, which will also have an effect on local corrosion. Furthermore, a
coarse-grained structure will generally mean less satisfactory properties than a fine-
grained structure. One example of a structure-dependent property is the yield stress which
has a bearing on the materials strength.

SKI has observed that Benjamin et al's findings (1988) show that there are indications of
stress corrosion in phosphorous de-oxidized copper at 80 ° C in synthetic groundwater.
During these experiments, the grain size was 45 u.m and the test time was three days,
which is a very short time. The test should therefore be repeated for longer periods of
time. In SKI's view, SKB should state its view on the occurrence of stress corrosion in
the material over long time-scales for grain sizes of 250 flm (Slow Strain Rate Testing).

Thermal cracking or embrittlement is a problem within the copper industry, especially in
connection with wire manufacturing. This phenomenon is avoided by maintaining an
oxygen content of 200 to 300 ppm in the copper which oxidizes substances with a low
melting point in the grain boundaries. If oxygen-free copper is used, this possibility will
not exist. SKB should establish and state whether there is some other way of avoiding the
risk of thermal cracking and whether this is a problem for copper in this application.
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5.4 Canister Development and Design

In this section, SKB describes requirements and the design basis for the canister size etc
and specifies what the canister should withstand during various stages of handling during
the encapsulation process.

5.4 .1 Initial Safety

In SKB's view, the canister must be leaktight, able to withstand chemical and mechanical
stresses and should have as little minimum impact as possible on the other barriers.
SKB's aim is to manufacture, fill, seal and inspect the canisters to ensure that less than
0.1% of the total number of manufactured canisters have defects which can lead to
premature leakage. Otherwise, the corrosion resistance of the canisters must be so high
that no leakage occurs during the initial 100,000 years after disposal. In SKI's view, it
will be a great challenge to attempt to attain these goals. The materials, manufacturing
method and sealing method selected, which affect the mechanical and chemical properties,
as well as the methods of transportation and handling may have an impact on canister
integrity. However, in SKI's view, it may be a good idea to set high goals which will
promote development. However, it is also necessary to be realistic and show humility for
all of the canister-related problems which still have to be resolved.

5 .4 .2 Corrosion of the Copper Canister

The corrosion properties of copper have been well studied, according to SKB, which also
reaches the conclusion that it is highly unlikely that general or local corrosion will be a
limiting factor during the canister's lifetime in the deep repository. However, at the same
time, SKB admits that the conditions for microbial corrosion and the possibility of local
sulphide corrosion are issues which may need to be further investigated. With regard to
these and other questions, SKB, on the other hand, refers to new investigations which
indicate that these types of corrosion attacks would not affect the canister lifetime in any
decisive way.

SKB has investigated the role of water chemistry for the corrosion of the copper canister.
SKB's evaluation is that the canister lifetime is not affected to any great extent by the local
variations which are acceptable for a repository site. As far as the impact of radiolysis is
concerned, SKB believes that it is negligible and that the occurrence of stress corrosion
under repository conditions is unlikely.

The University of Uppsala states that the corrosion properties of copper in sulphidic
environments should be further investigated, e.g. as regards whether pitting can be due to
the segregation of copper sulphide in grain boundaries.

SKI's consultants, Bowyer and Hermansson, consider that knowledge of corrosion is
inadequate. In this context, it is particularly emphasized that the scientific basis of copper
corrosion is limited to the simple system of water-copper at low temperatures. Thus, it is
necessary to expand this knowledge to more complicated systems. Bowyer and
Hermansson emphasize that not only do oxygen and sulphide corrode copper, but that
other substances such as chloride and complexing agents can also cause corrosion in the
presence of weaker corrodants than e.g. oxygen.

SKI has supported independent research within the area of copper corrosion, e.g. with
regard to the calculation of general and local corrosion in the deep respository and the
compilation of thermodynamic data for copper in the form of Pourbaix diagrams. Thus,
SKI can largely verify the view that so far, nothing has emerged to contradict the
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assumption of a very long lifetime of the canisters from the standpoint of corrosion.
However, bearing in mind the very important role of the canister as a barrier, both in the
short- and long-term, it is particularly important that all possible corrosion mechanisms
should be investigated as thoroughly as is reasonably possible. Consequently, SKI
recommends that SKB complete its studies of corrosion processes wherever such
knowledge is deficient. This particularly applies to microbial corrosion, stress corrosion
and local corrosion in a sulphidic environment.

5.4.3 Strength

SKB has described materials strength properties for the canister in the event of even
loads. The effects of uneven loads on the canister and possible ovality of the final canister
must also be investigated. The risk of creep during these conditions as well as possible
creep on the canister should also be investigated since it is important to eliminate the
distance between the inner and outer canister. On the other hand, excessive creep would
lead to thinning of the canister wall. For reason, this issue should also be included.

Creep testing should be carried out with the structure that the finally selected canister will
have.

5 .4 .4 Heat Transfer

The worst possible case of thermal load on the canister should be investigated together
with the highest mechanical load in order to show that unsatisfactory structural changes
will not occur (such as creep and weaking of the grain boundaries).

5.4 .5 Criticality

SKI assumes that the canister will be designed so that the spent fuel will continue to be
sub-critical and that this will be verified through calculations which are relevant for the
selected design.

5.4 .6 Mechanical Effects

External mechanical effects on the canister from the bentonite and surrounding rock have
been mentioned by SKB in RD&D Programme 95. However, mechanical effects on the
canister before it is emplaced in the repository must also be investigated. SKB should take
into account the sensitivity of the copper canister to mechanical effects due to the softness
of the material. The effects may result in damage to the protective oxide layer and thereby
the deterioration of the corrosion protection which, in turn, may have an impact on the
lifetime of the canister in the repository. These views were also presented by SKI in its
Review Report of RD&D Programme 92.

5.4 .7 Manufacturing and Control of Empty Canisters

In Section 7.4.1 of SKB's RD&D Programme 95, SKB states that it is important to
establish acceptable limits for the microstructure of the material, surface finish and
porosity, strength properties and for inspection of manufacturing welds. In SKI's view,
these specifications are inherently related. Manufacturing methods, test methods and
application requirements cannot be specified without knowledge of the properties
involved. Actual implementation should be achieved through an iterative process for
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which there should be no obvious starting point. Further clarification can then be obtained
once the possibilities for the manufacturing of the insert have been established and then,
on the basis of this, the manufacturing requirements for the entire canister can be
determined. The requirements on surface finish are dependent upon corrosion-related
factors rather than strength-related factors. However, it is necessary to determine the
effect of the above-mentioned properties which have been specified on creep properties
etc. in connection with even and uneven load cases in the repository.

SKB does not present any proposals in the programme for the design of the lifting
devices for the canister. The design of such devices is not obvious, bearing in mind the
fact that the outer canister is to be made of copper. The device should be designed so that
it can lift the canister without resulting in plastic deformation which would jeopardize
canister integrity. Possible retrieval of the canisters should also be taken into account in
this context.

Corrosion tests may be necessary for the proposed design of the canister and lid which
are subjected to (simulated or actual) loads. These tests should be able to provide a view
of how any plastic deformation will affect the structure and, thereby, the lifetime of the
canister.

5.5 Canister Manufacturing

5.5 .1 Development of Manufacturing Methods

Copper Canister
Trial manufacturing of canisters has started; copper canisters have been manufactured
through extrusion as well as through rolling, pressing and vertical welding. SKI can
confirm that extruded tubes, cylinders, have been manufactured successfully. However,
the grain size of these cylinders is coarse and unhomogeneous.

Two canisters have been manufactured through the roll pressing of rolled sheet metal. The
structure of these canisters is also unhomogeneous. Roll pressing is a process which may
be difficult to apply to large-scale mass production. Thus, SKB must describe the
advantages and disadvantages of other possibly available methods. So far, only individual
manufacturing attempts have been made. SKB has to show that it is possible to
manufacture a large number of approved canisters in an existing/new industrial facility.

Of the four canisters which have so far been manufactured, one has been scrapped due to
poor weld results which, in turn, were due to a high content of oxygen. The other three,
of which two are extruded tubes and the other a rolled and welded canister, has not been
fully analyzed with regard to structure etc. The bottom and lid have been welded on, at
least in the case of one of the extruded tubes. In other contexts, SKB has hinted that it has
now produced a defect-free canister. This is not entirely relevant. The extrusion and
rolling experiments have shown that this may be the way to finding a solution. However,
SKB has not yet carried out a full analysis of the canisters which have so far been
manufactured. In SKI's view, SKB should give further work in this area the highest
priority.

SKI observes that stress relieving annealing has been specified for the rolled tubes.
Bearing in mind the low and variable stresses that occur, SKI wonders whether this will
lead to a critical grain growth.

A good copper surface is desirable, from the standpoint of corrosion, but also from the
standpoint of control. Eriksson (1995) reports that surface cracking has occurred on
copper ingots which were delivered for extrusion. The questions which remain to be
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answered are whether these cracks oxidize during heating prior to extrusion and whether
this can lead to defects in the extruded material. It is important to prevent the occurrence
of these cracks or to remove them before extrusion.

Cast Insert
If a cast insert (SKB's reference example) is developed, the properties acquired by cast
material must be taken into consideration. It is also necessary to show that the desired
properties will be achieved by the cast component. A control programme for the detection
of defects in cast components which have arisen due to creep, welding or other causes
must also be developed. Furthermore, a thermal load model which shows where the creep
stresses occur in the cast component as well as a specification of acceptance limits for
such defects must be prepared.

However, SKB has not yet made the ultimate choice of insert material. Technical
problems which may arise during manufacturing have not yet been taken into account.
One question which SKB should answer is whether the risk of galvanic corrosion is
greater with an extensive quantity of cast steel in contact with more noble metals such as
copper and zircaloy in comparison with a steel cylinder as an insert. SKB plans to seal the
reference cast canister by bolting on the lid.

During the spring, SKB cast its first insert in steel on a trial basis (half of the canister
length). Although the result is promising a great deal of development work remains to be
carried out.

In SKI's view, taking into account all of the uncertainties and questions surrounding
SKB's reference canister, SKB should investigate the advantages and disadvantages of
using a cast insert.

Steel Insert
Steel cylinders have been manufactured and successfully inserted in a copper canister. If
SKB's conclusion is that an insert in the form of a steel cylinder should be used, in SKI's
view, a reliable and feasible method must be developed to seal the inner lid which will
result in a robust and leaktight joint. There are a series of questions surrounding this
insert alternative which SKB must resolve, e.g. whether heating to 250 ° C prior to
welding can be tolerated from the standpoint of safety or whether an alternative material
should be selected. The possibility of inspecting this weld and of establishing whether the
weld can be manufactured without any post-manufacturing control should also be
investigated. Other questions which have to be resolved include how to select a suitable
fill material for the steel tube insert and how SKB will ensure that the canister is filled.

Alternative Methods of Manufacturing the Copper Canister
An additional three alternative methods for manufacturing the outer copper cylinder have
been investigated by SKB. However no practical experiments have yet been carried out
involving these methods. This could be interpreted to mean that SKB believes that it can
manage to manufacture copper canisters using the methods that have now been tested. In
SKI's view, there is considerable work left for SKB to do before a copper canister can be
manufactured which fulfils the criteria which the performance assessment can make on
canister function. SKI also believes that, in future, SKB should be prepared to change
over to alternative manufacturing methods.

According to SKB, the previously proposed lead-filled copper canister is still a reserve
alternative. However, in SKI's view, if it is difficult to manufacture a copper canister
with a thickness of 50 mm, it should be even more difficult to manufacture one with a
thickness of 100 mm. Thus, SKB should consider changing its reserve alternative.
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According to SKB, quality assurance and manufacturing control have started. SKB main-
tains that the manufacturing process is being controlled and documented as thoroughly as
possible with the aim of obtaining a basis for preparing a quality assurance manual and
control programme for future manufacturing. In SKI's view, it is important that the
quality assurance work should be carried out throughout the entire development process.

5.6 Canister Sealing

The aim of the sealing method is to ensure that no more than 0.1% of all of the
manufactured canisters contain undetected defects "which can result in initial leakage or
lead to a premature rupture of the canister."? For many years, SKB's main canister
sealing method has been electronic beam welding. Successful experiments have been
carried out. However, no defect-free weld has yet been achieved. The weld joint which
has been obtained is broad and coarse-grained. The development of the design of the weld
joint is being carried out with the aim of obtaining a better weld. In SKI's view, electronic
beam welding with a reduced vacuum is not fully developed and an extensive develop-
ment programme is necessary. Methods for repairing welds and repair criteria should also
be developed. Furthermore, in SKI's opinion, SKB should show that the problems with
operating disturbances (flashovers) can be controlled so that the canister or its contents are
not damaged in the encapsulation plant.

The development of control methods and acceptance criteria for the canister and the joint
should be given high priority. At least two different control methods (of those mentioned
by SKB in RD&D Programme 95) should be developed in order to identify different
types of defects. SKB should also continue to study and report alternative sealing
methods.

5.7 Design and Construction of the Encapsulation Plant

The design of the encapsulation plant is divided into four parts:

• Basic design (Phase D)
• General engineering (Phase C)
• Engineering (Phase B)
• Documentation (Phase A)

These design phases are linked to the development of the canister. The basic design Phase
D covers the work upon which the application for a licence to construct the encapsulation
plant will be based. The description of the plant and system will be prepared as the basis
for the preliminary performance assessment and environmental impact statement. This
document will include performance assessments as well as a special report covering a
description of the canister performance during different stages of handling including final
disposal, design basis and specification. In this document, SKB will also describe the
manufacturing method, manufacturing control and encapsulation process and sealing
control.

During Phase C, which is expected to last until the year 2000, all preparations for the start
of construction will be made. During this phase, the canister will be more or less
completely developed. Specifications will be prepared for transportation containers and
handling equipment.

During Phase B, the encapsulation plant will be constructed and the detailed design will
be finalized. The final test manufacturing will be carried out by the suppliers. In SKI's
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view, the design and planning of the encapsulation plant seems to be reasonable.
However, the detailed design of the encapsulation process is strongly dependent on the
final design of the canister. Thus, SKB should be prepared for the possibility that
modifications may be necessary.

5.8 Pilot Plant for Canister Sealing

The proposal of constructing a pilot plant and the experience that SKB will gain from
such a plant will provide valuable information prior to the construction of the
encapsulation plant. SKB will also have the possibility of establishing the causes of any
operating disturbances. The construction of a pilot plant will also provide SKB with
valuable experience for understanding and learning about the sealing processes as well as
provide an opportunity for testing methods for the finishing of completed welds and non-
destructive testing. The plant is also important from the standpoint of training and
preparing operators for the planned facilities. SKI considers the pilot plant to be an
important part of the canister development programme and fully supports SKB's plans to
construct the plant.

5.9 Safety, Quality and the Non-Proliferation
of Nuclear Weapons

SKB has planned to first present a preliminary safety report (PSR) which will be based
on the design work carried out during the previously described Phase D. The report will
describe safety-related issues for the handling process and the possible consequences of
incidents. SKB plans to submit a final safety report (SSR) for the completed facility based
on the finalized plant and system descriptions. After inactive test operation, SKB plans to
supplement the SSR prior to licensing in accordance with the Act on Nuclear Activities.

Thus, SKI is of the opinion that the deep repository should be approved by the authorities
before SKB starts to seal the canisters containing spent nuclear fuel. Thus, in SKI's
view, the licensing for active test operation should be co-ordinated with licensing under
the Act on Nuclear Activities for the operation of Stage 1 of the deep repository (see
Chapter 8 of this Review Report).

Furthermore, in SKI's opinion, a control programme for the canister and encapsulation
plant should be prepared in parallel with the development of the canister and the design of
the encapsulation plant. This means that the proposal for a control plan should be included
in the application that SKB intends to submit at the end of 1997. Quality assurance should
be carried out in order to ensure correct documentation and so that SKB can be sure that
the canisters actually do fulfil the requirements in the specification. Canister control
should be carried out e.g. before the canisters are filled with fuel. Furthermore, there
should be some form of final control before the canisters leave the encapsulation plant for
further transportation to the deep repository.

SKI emphasizes that the time-schedule must not be allowed to dictate the work. The time-
schedule is subordinate to requirements on quality and reporting so that SKB and SKI can
ensure that the safety-related aspects have been taken into account at all stages of the
process. SKI also emphasizes the link to the plans for the deep repository. These issues
are dealt with in detail in Chapters 6 and 8 of this Review Report.

The non-proliferation of nuclear weapons will be handled in accordance with IAEA
regulations concerning the control of fissile material and monitoring can be carried out
through SKI and Euratom.
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5.10 Summary of Evaluation

SKI finds that the development of the canister is seriously underway within several areas.
Examples of this include manufacturing methods for the copper canister as well as the
insert and methods for sealing and inspecting the canister. SKI considers this to be
positive. However, there are a number of questions which should be further investigated.
Furthermore, considerable work is required if SKB is to keep up with the time-schedule.
SKI also observes that since RD&D Programme 92 was presented, only minor work has
been carried out with regard to alternative manufacturing methods for copper canisters.
SKB is now concentrating on developing the reference canister. However, SKB has only
made limited preparations in case unexpected setbacks should arise.

In SKI's view, much work remains to be done before the canister can be considered to be
completely developed. The programme for the canister and encapsulation is described in
general terms. No or few concrete detailed goals are described in relation to the
preliminary time-schedule. A detailed programme should therefore be developed before
the start of construction of the encapsulation plant. Since SKB must carry out many
activities within a short space of time, the work to be done must be carefully planned.
SKB has a major task ahead in order to be able to attain its goal of starting to deposit
canisters in the repository by the year 2008.

In order to select the canister material and manufacturing process, SKI believes that it is
important that the materials which are selected for canister manufacturing should be
tested, with regard to corrosion and creep, in the state and with the structure that the
materials will have in the selected manufacturing process. Examples of this are the grain
size and the occurrence of phosphorous and impurities in the ingot and grain boundaries.

Furthermore SKI is of the opinion that the importance of phosphorus for the creep
ductility and creep rupture limit in oxygen-free copper must be specified.

With regard to the design of the insert, SKB should observe the importance of the
properties of the structure depending on whether the insert is made of cast metal or
whether it is a steel cylinder.

The manufacturing method which is ultimately selected must be reproducible on the scale
determined by SKB in the deep disposal programme. This applies to the manufacturing of
the empty canisters as well as to the processes of sealing, finishing and non-destructive
testing which is to be carried out at the encapsulation plant.

Furthermore, SKI is of the opinion that SKB must prepare a specification of manu-
facturing criteria for all of the substages relating to materials strength requirements,
ovality, permitted defects, surface finish, suitable structure, etc. A system should also be
developed for the handling of filled canisters. Copper is a soft material which can easily
be damaged during handling. It is therefore important that the canisters should be handled
correctly before they are deposited in the deep repository so that defects which could
degrade its condition do not occur.

The sensitivity of copper to corrosion should be further investigated, especially with
regard to stress corrosion, local corrosion in sulphide environments, microbial corrosion
as well as the effect of substances in the backfill material in the repository. Other
questions which have to be resolved are whether the copper canister is affected by local
high residual stresses and whether these are of any importance for local corrosion. SKI
recommends that SKB should not give the corrosion-related issues low priority. These
issues have been obscured in the plans presented by SKB in RD&D Programme 95.
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In SKI's view, a control programme for the entire encapsulation process from the produc-
tion of the copper ingot to the emplacement of the canisters in the repository must be
prepared by SKB during the course of the development process.

SKI emphasizes that the time-schedule must not be allowed to dictate the work. The time-
schedule is subordinate to requirements on quality and reporting so that SKB and SKI can
ensure that the safety-related aspects have been taken into account at all stages of the
process. SKI also emphasizes the link to the technical plans for the deep repository and
for the decision-making process.
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6 Deep Disposal of Spent Nuclear Fuel

6.1 Introduction

In this chapter, SKI provides its evaluation of Chapter 9, Programme for Deep
Repository, sometimes relating this evaluation to Chapter 8, State of Knowledge - Deep
Repository, of SKB's RD&D Programme 95.

A deep repository for spent nuclear fuel in Swedish crystalline bedrock can be designed
and constructed in several different ways. In SKI's opinion, land-based geological final
disposal of encapsulated fuel in crystalline bedrock is a realistic main alternative. In its
evaluation of SKB's RD&D Programme 92, SKI stated that it was reasonable for the
KBS-3 method to be the main alternative and reference system for further development
work.

In its decision of May 1995 the Government stated that "SKB has, in a comprehensive
manner, presented its view on criteria and methods to identify a site for the deep reposi-
tory which is suitable from different standpoints. The siting factors and criteria that SKB
specifies should, in the view of the Government, be a starting point for further siting
work."

SKB now expects to start site investigations no earlier than in 1996. This means a delay
of a couple of years compared with the time-schedule which was presented in RD&D
Programme 92. According to SKB, the programme which SKI and the Government
would like to see for site investigations will be ready in good time before these investi-
gations start.

6.2 Stages of the Deep Repository Programme

According to SKB, the Government's decision of 1995 means that the classification of
the deep repository programme into stages which was originally planned (RD&D Pro-
gramme 92) had to be revised. RD&D Programme 95 present a new and revised
classification into stages:

Siting (Stage 1)
• Detailed characterization and construction (Stage 2)
• Initial operation and evaluation (Stage 3)
• Regular operation (stage 4)
• Shutdown and closure (Stage 5)

ABB Atom AB wonders why the initial operation and evaluation of the deep repository
should be so extensive (5-10% of the spent nuclear fuel). ABB Atom suggests that test
operation with a smaller quantity of fuel, about 50 canisters, is sufficient to be able to
check and evaluate the deposition process. The Mathematical-Scientific Faculty of Stock-
holm University/SU (Morner) believes that the proposed deposition process, with a first
stage comprising 5-10% of the spent nuclear fuel shows that SKB no longer dares to trust
the KBS method.

On the basis of the proposed and revised classification into stages, SKI is of the opinion
that it is reasonable for SKB, at this stage, to work on the basis of a proposal and then
subsequently adjust the classification to any new needs that may arise. In SKI's view,
SKB's overall time-schedule and division into stages is a natural initial step in the
establishment of various stage goals. However, SKI can see that there will be procedures
which may affect the time-schedule. Furthermore, the description of the different stages is
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still very schematic and essential details are lacking, e.g. how SKB intends to select two
sites for surface-based site investigations, what requirements in terms of knowledge will
be made on the repository at different stages and what will happen if a site has to be
abandoned. However, in RD&D Programme 95, SKB deals with some of these uncer-
tainties in its time-schedule, which shows that SKB is very much aware of the problem.
At this point, SKI would only like to emphasize that the time-schedule must not be
allowed to dictate the decision-making process or affect the requirements on results which
are necessary in order to carry out a performance assessment, for example.

6.3 Completed and Planned Investigations

6.3.1 Introduction

SKB is currently compiling experience from study site investigations. This will provide
the basis of SKB's site investigation programme, together with investigation results from
Stripa, the Aspo Hard Rock Laboratory as well as experience from site investigations in
Finland and Canada. In connection with RD&D Programme 95, SKB has also compiled
an overall report of national general siting studies and results as well as some results of
feasibility studies which have been completed. This work is evaluated in detail below
(Section 6.3.3 and Section 6.3.4).

6.3.2 Safety-related Site Characteristics

In SKI's Review Report to the Government (SKI, 1995), of SKB's RD&D Programme
92 Supplement, SKI maintained that the siting factors and criteria that SKB specifies are a
suitable basis for further siting work. However, the safety requirements must be specified
and quantified. In SKI's view the specification is necessary with regard to requirements
on the geochemical, rock mechanical and hydrological characteristics of the rock, for
example, the distance of the repository from natural resources.

In SKI's opinion, RD&D Programme 95 does not contain any specification and quantifi-
cation of criteria and site selection factors. The Geological Survey of Sweden (SGU) and
the Swedish Society for the Conservation of Nature also maintain this. On the other hand,
in the site investigation programme which is planned, SKB intends to describe how
essential information on site selection criteria can be obtained. SKI considers this work to
be essential and that SKB should accord it the highest priority.

In SKI's view, in the planned programme, it is essential to show which important safety-
related characteristics can actually be measured and how SKB intends to measure them.
SKI also emphasizes the importance of the fact that the selected site criteria must provide
an idea of whether a certain site fulfils the basic safety requirements which have been
derived from safety assessments.

Like the Municipality of Oskarshamn, the Local Safety Committees in Oskarshamn
(LSNO) and Studsvik (LSNS) and others. SKI believes that SKB should now describe
the characteristics which can be demonstrated at different stages of the site investigation
programme and how it intends to handle the information.

Impact of the Repository Depth on Repository Performance
At the request of SKI in its Review Report of RD&D Programme 92, a description of
how the repository depth affects repository performance is provided in RD&D Pro-
gramme 95. In summary, SKB finds that the advantages that are achieved with the siting
of the repository at a greater depth (>500 m deep) do not balance the increasing
difficulties in the form of increasing rock stresses and a higher temperature gradient.
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Of the reviewing bodies, the Royal Academy of Sciences (KVA) believes that final
disposal at a depth of no less than about one kilometre is to be recommended from the
geoscientific standpoint, bearing in mind risks in connection with future glaciations. A
similar argument is presented by the University of Uppsala (UU) which states that, from
the technical and geological standpoints, there are currently no limitations on siting a
repository at a depth of 750-1,000 m. Furthermore, UU believes that SKB should evalu-
ate the data which now exist from different deep investigations to quantitatively establish
the greater level of safety provided by a repository which is situated at a greater depth.

SKI considers that the question must be further investigated (partially started by SKB),
e.g. the consequences of temperature increases, the consequences of greater rock stresses
and higher water pressures, the significance for safety of a degraded buffer performance
as a result of an increase in the salinity of the groundwater and whether greater difficulties
will arise in connection with the geological and hydraulic characterization of rock volumes
etc.

6.3.3 General Siting Studies on a National Scale

General Siting Study 95 is SKB's overall report on general siting studies on a national
scale prepared in accordance with the Government decision of May 1995. According to
SKB, the report is mainly based on the extensive background material which SKB has
obtained on a continuous basis as a part of the research and development work that SKB
has carried out since the end of the seventies.

The conclusion that SKB reaches on the basis of the study is, as SKB has also previously
stated, that there are many areas in Sweden which appear to be suitable for a deep
repository since, on the basis of available data, it is not possible to eliminate less suitable
areas. According to SKB, areas which are directly protected by law must be avoided
while areas of national interest in other contexts cannot simply be excluded. SKB also
emphasizes that areas which, on a national scale, appear to be less interesting cannot be
excluded since, on the local scale, within a particular area, there may be many sites of
interest which may be excluded in generalizations carried out on a national scale.

SKB has often stated in its General Siting Study 95 that the information obtained on a
national scale is, in most of the cases, inadequate to provide a basis for reaching a
conclusion concerning local conditions. According to SKB, these conditions can only be
identified in connection with feasibility studies and later on in connection with site
investigations. On the other hand, SKB emphasizes the role of the general siting study as
a basis for placing future site selections in their national and regional contexts, i.e. when
the feasibility studies and site investigations have started. According to SKB, in the
evaluation of the site application which will be carried out, it will be possible for General
Siting Study 95 to be used to establish whether the proposed site selection is acceptable
from different standpoints and whether it is based on adequate information.

Comments of the Reviewing Bodies

The Royal Institute of Technology (KTH) considers General Siting Study 95 to be an
excellent basis for the selection of regional-geological and hydrogeological environments
for feasibility studies while the Waste Chain is critical to the fact that the report was not
published before December 1995, and thereby, it was not possible to carry out an in-
depth evaluation of the report. Like the People's Campaign against Nuclear Power-
Nuclear Weapons, the Waste Chain questions the low level of ambition in the presentation
as well as SKB's credibility.
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The Swedish Society for the Conservation of Nature states that no new information
concerning siting factors has been added in comparison to the information provided in
SKB's RD&D Programme 92. Furthermore, the Swedish Society for the Conservation of
Nature and the Waste Chain refer to the conclusion of the DIALOG project that "the
selection of a site for a repository for spent nuclear fuel must be carried out in a systematic
fashion and in accordance with a method which has been determined in advance (SKI,
1993). In the opinion of the Geological Survey of Sweden (SGU), from the geological-
hydrogeological standpoint, there are several circumstances which may indicate that the
repository should be located in the southern region of Sweden, particularly along the
coast.

In KTH's view, the Highest Shoreline cannot be used as a suitable boundary for
establishing the occurrence of saline groundwater. In SGU's view, the depth to saline
groundwater in relation to the height of the ground above sea level (the local topographical
gradient) and the distance to the sea could be a measure of the groundwater turnover in an
area. In this connection a great depth to saline groundwater could indicate a relatively
higher turnover and a low depth, a lower turnover. However, Voss and Andersson,
1991, maintain that the groundwater at repository depth should, to a great extent, be
controlled by regional conditions. The occurrence of saline groundwater is no guarantee
for stagnant water.

SKI's Evaluation

SKB states that scientific, technical and societal factors cannot be described on a national
scale with the level of detail that is required for the siting of a deep repository. According
to SKB, this can only be done in connection with more detailed investigations. However,
SKI is of the opinion that it should have been possible for SKB, through a well-adapted
general siting study, to have excluded certain areas by ranking them in terms of
favourable and unfavourable factors. In SKI's opinion, a more comprehensive analysis of
data as well as a synthesis of how important factors must be followed up in more detailed
studies should lead to greater gains from the General Siting Study.

SKI also questions SKB's conflicting messages in General Siting Study 95. According to
SKB, it is obvious that the selected scale of presentation is too general to be of any
significant help in distinguishing suitable and less suitable areas prior to a feasibility study
or site investigation. In the reverse case, the selected level of detail should also cause
problems and not have the intended benefit, i.e. that of using the study as a basis for
putting a site into its national and regional context. In SKI's view, the factors selected
which SKB presents in the study should be discussed and better motivated. SKB's study
shows that no important factors have been found which would limit the selection of sites
on a national scale. The question which can be raised is whether this is due to the factors
selected or whether the scale of the presentation is suitable.

In connection with discussions with various municipalities concerning feasibility studies,
SKB intends to use regional siting studies based on i.a. General Siting Study 95. SKI
supports this, but this means, as SKB itself has observed, that an additional level of detail
is necessary. In SKI's view, SKB should investigate the issue of whether the background
information that the General Siting Study is based on today should not be used to better
illustrate site selection factors. This would considerably increase the significance, and
above all, the usefulness of the General Siting Study. As has been observed above, this is
a stage that SKB itself envisages, even if their scope is limited.

It is difficult for SKI to evaluate the information upon which General Siting Study 95 is
based, since many of the figures in the study are based on extreme simplifications of
original data. On account of this, maps and figures give a highly homogeneous
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impression. For example, the forms of presentations/statistical treatment of data are, in
certain cases, questionable. In SKI's view, the procedure has resulted in a loss in the
information value of the data, through the reporting of such data in the form of highly
simplified maps or through statistical processing which is difficult to understand in certain
cases. Airborne geophysical data are one such example.

SKI would also like to see a discussion of the uncertainties and limitations with which the
databases for e.g. geological, hydrogeological, chemical and geophysical data are
associated. In SKI's view, no far-reaching conclusions can be formed on the basis of the
databases before the uncertainties in and limitations of the databases and underlying
information are established.

In SKI's view, the lack of a deeper analysis of what resolution a study on a national scale
should have may be a contributing factor to the limited applicability of the study in its
current form and scope. In SKI's view, the quality of the data obtained should allow
more detailed analyses and conclusions to be made than those provided in the General
Siting Study.

Furthermore, in SKI's view, SKB's General Siting Study 95 should have described the
distribution of recharge and discharge areas, the consequences of siting the repository on
the coast or inland as well as the advantages and disadvantages of siting the repository in
southern or northern Sweden. In SKI's view, through a more co-ordinated discussion of
issues which may be of importance from the standpoint of safety assessment (or in
connection with alternative siting) the study will focus on significant issues of importance
for the decision-making process, which will considerably enhance the value of and
interest in the study.

SKI intends to discuss with SKB how the General Siting Study can be supplemented and
updated in order to achieve the content and function that SKI believes is desirable. An
important part of these discussions is the goal of the General Siting Study and its role in
SKB's siting programme. The outcome of the discussions should determine the level of
ambition and requirements which can be made on the content of an updated General Siting
Study.

6.3.4 Completed and Planned Feasibility Studies

Goal of the Feasibility Studies
In a feasibility study, SKB investigates the possibilities of siting a deep repository within
a municipality which has shown interest in carrying out a feasibility study. According to
SKB, the aim of the study is to provide a broad basis of data for the parties concerned.

The feasibility studies must provide answers to questions such as:

• What are the general conditions for the siting of a deep repository in a particular
municipality?

• Where can suitable sites in terms of geoscientific and societal factors be found?
• How can transportation be arranged?
• Which are the important environmental and safety-related issues?
• What are the possible consequences (positive and negative) for the environment,

local economy, tourism and other businesses and industries in the municipality and
region?

The completed feasibility studies of Storuman and Mala municipalities and those being
carried out in Nykoping and Osthammar municipalities are mainly based on existing
material.
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Feasibility Study on a Municipal Scale
SKB believes that the studies which have been carried out and which are in progress
(Storuman, Mala, Nykoping, Osthammar) show that a surface area of the order of
magnitude of a municipality can often be a suitable basis for a general study of the con-
ditions for siting a deep repository in a municipality. On the municipal scale, compre-
hensive but yet relatively detailed geological maps are often available besides airborne
geophysical and other geoscientific maps.

Feasibility Study in Storuman Municipality
The general conclusion reached by SKB concerning the feasibility study in Storuman is
that there are good engineering-based conditions for the siting, construction and operation
of a deep repository in the municipality. Based on the conditions of the ground surface,
the feasibility study has identified two areas consisting of homogeneous granite with few
fractures, in the eastern part of the municipality where the conditions may be adequate for
the siting of a deep repository. Furthermore, the areas (Joran, where an area of about 90
km2 has been marked out and Lumsen) are not considered to present any obstacle to siting
in terms of land use and environment.

Comments of the Reviewing Bodies

KTH emphasizes that the concept of the municipality is irrelevant as a measure of surface
area since, for example, the municipality of Arjeplog and Varberg are hardly comparable
in terms of surface area.

From the scientific standpoint, KTH finds SKB's method of selecting areas for feasibility
studies to be highly questionable. Other reviewing bodies which have cast doubt on the
method are SGU, SU (Morner), the Swedish Society for the Conservation of Nature, the
Waste Chain and the People's Campaign against Nuclear Power- Nuclear Weapons.

SKI's Evaluation

With regard to the available map data in a municipality, SKI would like to emphasize that
the quality of such data may vary in quality depending on when the material was obtained
and the purpose for which the material was compiled.

SKI realizes that there are advantages of keeping within the boundaries of the municipality
as an administrative unit, especially with regard to the assessment of consequences on the
environment, finance, local economy and society. However, SKI wishes to emphasize
that a good understanding of the important geoscientific conditions in several cases
requires geological regions which are considerably larger than municipalities. Further-
more, it is important to emphasize that according to SKI (see above), it is doubtful
whether General Siting Study 95 can provide the necessary information (coupling
between municipality and region) which was envisaged from the beginning. The munici-
palities must be related to their geological context, already in connection with the
feasibility study. In the case of Storuman, SKB has made this necessary step (Eliasson
and Lundqvist, 1994). However, SKI would like to emphasize the importance of doing
the same in the rest of the ongoing and future feasibility studies.

In SKI's view, the fact that the feasibility studies explicitly identify potential repository
sites is positive. However, in SKI's opinion, SKB must, e.g. carry out a thorough field
verification when evaluating the existing geoscientific information which is an important
siting factor. The time for this control should be scheduled as a part of the feasibility
study. This will minimize the risk of an early decision based on deficient or incorrect
information having a large impact on the site selection process.
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The process of elimination which SKB has used to identify areas in the municipality of
Storuman gives cause for certain discussions relating to the approach used. The question
may be raised of e.g. whether it is suitable to site the deep repository in regions with a
potential for ore deposits where the risk of human intrusion is obvious. This also applies
to the surrounding areas/provinces where there is a greater risk of intrusion in connection
with prospecting.

SKI is of the opinion that SKB should have more clearly described favourable as well as
disqualifying factors in its evaluation of the Municipality of Storuman's suitability as a
deep repository site. Examples of such factors are proximity to potential economic re-
sources, the possibility of constructing facilities in the Revsund granite, typical fracture
geometries and their links to the groundwater flow etc. The uncertainties in the informa-
tion compiled in the study must be more clearly specified, quantified and discussed.

6.3.5 Experience from Previous Investigations and Current Plans
for Site Investigations

Previous Investigations
SKB plans to carry out an evaluation of methodology and acquired knowledge concerning
conditions at a depth of 500 m in the bedrock from earlier study site investigations in
addition to previously reported experience from the Stripa Project, the Aspo Hard Rock
Laboratory and site investigations in Canada and Finland.

One conclusion reached by SKB, based on investigations in Sweden, is that suitable, or
less suitable areas cannot be located in any special region or geological environment in
Sweden. In its RD&D Programme 92 Supplement, SKB stated that there was consider-
able freedom to identify repository areas with excellent conditions for isolating the
radioactive material. Thus, it is reasonable for SKB to ask municipalities which volunteer
to participate in such studies in order to further investigate the conditions for siting a deep
repository in those areas.

In the above-mentioned supplement, SKB provides a detailed description of the siting
process and the general criteria upon which the selection of a site should be based.
Furthermore, in SKB's view, there is considerable experience of site investigations both
in Sweden and abroad upon which SKB's site investigation programme can be based.

SKI's Evaluation

SKI agrees with SKB's statement that the combined experience concerning site
investigation programmes in Canada and Finland are valuable. However, SKB should be
careful not to make any far-reaching conclusions concerning foreign experience.
Greenpeace has also expressed this opinion. The extent of the investigations, the
strategies, methods and equipment used as well as the conceptual modelling are based on
geological environments which are specific for the countries involved. Thus, in SKI's
view, it is important to evaluate the experience (not always directly transferable) and put
this experience into its correct context with regard to the original goals and purposes
related to the purpose of SKB's future site investigations.

SKI strongly recommends that SKB should compile an overall evaluation of available
data from Stripa, Aspo, the study sites, Laxemar etc. on the basis of the requirements of
the safety assessment in connection with the preparation and presentation of a programme
prior to the start of site investigations.
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Implementation of Site Investigations
As SKB maintains, a geoscientific site investigation involves the collection of site-specific
data for the description of the bedrock's characteristics and the evaluation of its suitability
as a repository site.

SKB intends to carry out the two planned site investigations in parallel with each other,
with a delay of about half a year and to prepare an overall geoscientific description of the
sites and the regional environment. The results will be presented in safety reports before
an application for permission to start a detailed characterization is submitted. Licensing
will be carried out in accordance with the Act concerning the Management of Natural
Resources etc. and the Act on Nuclear Activities.

SKI's Evaluation

In SKI's view, the situation has been clarified now that SKB has stated that a site
investigation (two investigations have been planned) can be considered to be initiated once
drilling of investigation boreholes is started in a selected area. According to plans, the site
investigation will be carried out in two main stages: initial site investigation and complete
site investigation. Initially, the aim of Stage 1 is to confirm assessments from already
completed feasibility studies (in the selected municipality) and that of Stage 2 is to confirm
the selection of a site through the identification of geological, rock mechanical, hydro-
logical and groundwater chemical parameters.

SKI would like to see a more detailed plan of how SKB had intended to select the sites
where it intends to carry out site investigations. In accordance with the current time-
schedule, SKB will start site investigations during the current programme period. This
means that the selection of sites for the investigations must be specified before the
investigations start.

With regard to the proposed investigation stages when two sites (municipalities) have
been selected for site investigations, the scaling up and planned work seem to be well-
thought out. In SKI's view, the structure of SKB's proposal is preliminary. However, a
detailed site investigation programme must be prepared in good time prior to the start of
the site investigations. SKI hopes that SKB, with its combined experience from investiga-
tions carried out at study sites as well as Stripa and Aspo, has acquired the required
knowledge for doing the right things in the right way (in the right order) with the right
equipment. This means that parameters which are important to the long-term safety must
be measured, evaluated and documented, i.e. adapted to the needs of the safety assess-
ment. The co-ordination of different activities both in terms of time and content is
necessary in order to obtain i.a. the optimum benefit from the knowledge. In SKI's view,
this should also be taken into account.

In SKI's opinion, carrying out two site investigations in parallel, even though the phases
will be staggered, will probably create problems in terms of resources, for SKB
(implementation) and SKI (evaluation).

SKI agrees with SKB in that the site investigation phase must be conducted in stages and
that the results which are gradually obtained may lead to a re-evaluation of the interest in
further investigations as well as the direction of these investigations. The framework and
basis for SKB subsequently changing direction or scope of these site investigations
should be included in the programme for geoscientific site investigations now being
planned.

SKI looks forward, with great interest, to SKB's forthcoming programme for site
investigations and will follow up the programmes through active discussions with SKB.
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6 .3 .6 Methods and Instrumentation

Comments on method development are provided below and in Section 7.3.1 and 7.3.2.
SKB believes that tried and tested technology and know-how is now available for the
forthcoming site investigations. However, SKB also states that in certain areas, further
development work is in progress or is needed.

SKB is now planning to carry out work within the area of surface geophysics, surveying,
drilling technology, tests during drilling, hydrological documentation and hydraulic tests,
length calibration of boreholes as well as borehole geology and geophysics.

SKI presented a series of views on methods and instruments in its Review Report of the
previous RD&D programme. SKI emphasized the deficiencies of SKB's separate presen-
tation of planned method development work for different measurement methods without
including a discussion of what it was important to measure or the precision with which
different parameters had to be measured. Important needs for development were thereby
overlooked. This meant that concrete programmes were lacking for the detection of low-
dipping fracture zones and in situ determination of rock stability. Furthermore, SKI also
believed that extensive work still had to be done in order to verify the usefulness of the
different measurement methods. SKI also maintained that besides an account of instru-
ment development, SKB should, to a greater extent, concentrate on developing and
evaluating interpretation methodology for measurement methods.

In SKI's view, SKB has taken many of SKI's views into account in its current pro-
gramme. However, some work still remains to be done.

Surface Geophysics
In SKI's view, it is satisfactory that SKB has taken into account the views which were
put forward in the evaluation of the previous RD&D Programme and has concentrated on
methods for the identification of low-dipping fracture zones and for the improvement of
interpretation methodology.

Surveying
In connection with SKI's performance assessment, SITE-94, certain deficiencies in the
database from the pre-investigation phase at Aspo were found. Thus, SKI is positive to
the fact that SKB is now developing better methods for surveying. This applies to length
calibration of boreholes as well as to the improvement of the accuracy of e.g. positioning
with the help of the Global Positioning System (GPS). The exact surveying of measure-
ment points is obviously of importance where exact co-ordinate determination for bore-
holes requires great accuracy in terms of borehole deviation and depth (borehole length) to
the measurement point. Sequential analyses, such as multivariate analyses also require
great accuracy in order to provide reliable results.

Drilling Technology and Tests during Drilling
SKB states that the technology for drilling through planes of weakness must be improved
since stabilizing additives (cement etc.) to the flushing water disturbs/affects the ground-
water chemistry in the immediate environment of the borehole and cannot, therefore, be
accepted in connection with drilling in a site investigation.

Hydraulic testing and water sampling during drilling have been tested by SKB during the
pre-investigation stage of the Aspo project. It was found that the technology had to be
improved, especially in connection with water sampling where the aim is to obtain
undisturbed samples.

As SKI previously pointed out, the quality of the groundwater samples varies. This may
be due to deficiencies in co-ordinating groundwater sampling and other borehole
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activities. Pump tests, various types of logging and hydraulic testing were carried out
before the groundwater sampling and this has made it difficult to evaluate the groundwater
chemistry. Thus, it is important for SKB to take measures to improve the technology in
order to eliminate the problems with disturbed samples in connection with drilling.

It is satisfactory to note that SKB is planning to develop methods for technology to
improve stability during the drilling of large zones of weakness. SKB's high ambitions to
be able to stabilize boreholes without sealing the borehole walls or in a decisive way
affecting the hydraulic properties of the borehole are fully supported by SKI bearing in
mind the considerable need for data from hydraulically important zones.

Hydrological Documentation, Hydraulic Tests and Tracer Tests
SKB's planned technology development within this area appears to be well motivated and
SKI supports SKB's ambitions to improve the investigation programme with regard to
the representativity of the measurement database.

SKI is of the opinion that small-scale, well-controlled experiments of the type developed
by SKB within the Aspo project will be an important part of a detailed characterization
programme. However, SKI recommends that SKB should also plan, to a greater extent,
to use different types of tracer experiments in connection with surface-based site
investigations. In SKI's view, a well structured programme for tracer tests, carried out on
different scales, can provide vital information for the verification of the geological and
hydrological site investigation, e.g. with regard to the connectivity and transport para-
meters which are necessary for the safety assessment.

Borehole Geology and Geophysics
SKB will develop new routines for borehole geological documentation where core
mapping and geophysics will be integrated. This work will largely be based on SKB's
new borehole TV system. SKI is positive to this integrated interpretation. However, in
SKI's view, it should also include borehole radar in order to contribute to 3D modelling at
a later stage.

In SKI's view, SKB must also develop better routines for mapping/classification of cores
and tunnel mapping in order to achieve consistency between different mapping teams.

SKI is also of the opinion that SKB should establish the extent of the know-
ledge/information concerning mineralogy, fracture minerals, mineral alteration etc. which
must be obtained in the form of input data for application within safety assessment.

SKI is aware that the properties of the rock are very heterogeneous. This means that there
is no possibility of achieving a "complete" characterization, even through a detailed charac-
terization. However, it is vital that methods should be developed and applied which, as
far as possible, can measure the parameters which are of importance for the long-term
safety of the repository.

Other Methods/Experiments
The University of Uppsala proposes that instrumentation should be developed at the Aspo
Hard Rock Laboratory to obtain equipment for measurements in the repository after
closure, e.g. temperature, pH and conductivity, which can provide an opportunity for
monitoring and detecting leak indications.

In a letter to SKI, Otto Brotzen proposes various long-term experiments with the aim of
attaining real control and monitoring inside the repository. According to Brotzen, it would
be possible to show, through these experiments, that the nuclides will remain inside the
canisters or in the canister near field over a long period of time.
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SKI agrees with Brotzen with regard to his proposal that SKB should develop methods
(repeated tracer experiments) to characterize "good rock" already at the site investigation
stage. However, the actual implementation of monitored tracer experiments in low-
conductive rock is a major problem. SKI also shares the view that SKB, to a greater
extent, should evaluate mineralogical, geochemical and isotope data to develop knowledge
of long-term chemical changes of importance for the rock's capacity to retard
radionuclides. Thus, SKI is positive to the work which has been initiated in the paleo-
hydrological programme.

6.3.7 Quality Assurance in Data Management and Processing

For several years, SKB has collected geological site data in its GEOTAB database.
Because of obvious deficiencies in the data and changes in requirements, a new database
has been developed (SICADA). The central requirements of the new database are that
both input and output of data must be managed in an efficient manner as well as that the
database must fulfil stringent demands with regard to quality and traceability.

In its performance assessment, SITE-94, SKI has identified certain deficiencies in the
data which was collected during the pre-investigation stage at Aspo (Geier et al., 1996).
Some examples mentioned by the authors are provided here: geochemical sampling
routines, documentation of measurement procedures and interpretation of measurement
data, positioning as well as quality control of data transfer from the field to databases.
Thus, SKI is positive to the fact that SKB is now pursuing its work on developing
improved routines and on implementing quality assurance of the collected data.

Thus, prior to planned site investigations, SKI recommends that SKB should develop
well-structured routines for data collection and clearly define the nomenclature used for
different geological parameters, e.g. rock type alterations, fracture classification and
descriptions of fracture fillings. Furthermore, in SKI's view, a strategy should be
included for handling changes in already collected and existing data which are due to
changes in classification or a changeover to a new nomenclature.

In order to render its modelling work more efficient, SKB is now developing a computer-
based visualization tool which is essentially based on 3D CAD software for iterative use.
In SKI's view, it is satisfactory that SKB is developing methods for model visualization
and realizes the advantage of successively supplying new data for model revision,
borehole positioning and alternative repository layouts (comments on this area are also
provided in Section 7.3.2). SKI believes that the introduction of the visualization
programme will require that users should be well versed in CAD.

6.4 Design, Construction, Operation and Closure
of the Deep Repository

6.4.1 Design

The aim of the work on designing the deep repository is to achieve optimal function with
regard to safety, environment and technology. SKB has based its design and planning
work on experience from nuclear installations and underground projects. However,
special measures are required in this case because of the special nature of the deep
repository.

Premises
SKB has based its plan for designing the deep repository on a number of premises such
as technical principles and requirements on the disposal site. As far as conventional
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excavation methods are concerned, SKB (probably) intends to use conventional
drilling/blasting, full-face drilling, raised shaft drilling and reverse raised shaft drilling for
deposition holes while conventional construction materials (probably) involve materials
for rock reinforcement such as wire netting, bolts and grout.

SKI believes, like SKB, that during the design stage, it is of utmost importance, in terms
of repository lifetime, to select suitable systems/system functions and materials which are
of vital importance for short- as well as long-term safety. In connection with the operation
and closure of the repository it is also important that any installations left behind on the
site should not jeopardize or affect the chemical environment of the repository.

Planned Design Work until the Application for Siting and Detailed Characterization
In the design of the deep repository, SKB has chosen to investigate technical solutions in
the form of ten different modules where an outline diagram shows the deposition area for
other long-lived waste (SFL 3-5).

SKI would like to emphasize that the location of this deposition area should not entail any
unfavourable impact on SFL 2 or lead to the degradation of its barrier function. SKB is
aware of this and also states that SFL 3-5 should be located at such a distance from the
repository for the spent nuclear fuel that the considerable quantities of concrete in the
disposal facilities for other long-lived waste do not disturb the chemical conditions in the
area for the spent nuclear fuel.

6 .4 .2 Layout of Facilities and Construction Methods

Layout of Facilities
In three reports describing the layout and design of the repository (Pettersson et al.,
1993), SKB describes requirements and principles for the repository functions on the
basis of general conditions with, in principle, three different access systems: straight
ramp, shaft and spiral ramp. It is assumed that the entire repository will be constructed on
one level with alternative canister positions in the deposition tunnels, either horizontally
with holes in either direction or with two canisters in each vertical hole (Jansson, 1993).

SKI is of the opinion that SKB, in the Aspo Hard Rock Laboratory, should test and
evaluate methods for the horizontal deposition of canisters and related equipment
development. The deposition of two canisters in each vertical hole may require bentonite
blocks of other dimensions in the bottom of the hole and between the canisters in order to
prevent canister movements.

One alternative to the main repository design alternative that SKB has mentioned
previously would be to construct the deep repository on two levels. SKI is of the opinion
that this alternative should be investigated again and compared with the single-level
repository design. From the standpoint of rock mechanics, it would be of great interest to
obtain an answer to the question of whether one of the alternatives is preferable in terms
of stability in a long-term perspective (future glaciations).

Construction Methods
In SKB's view, construction, operation and closure of the deep repository can, to a
significant extent, be carried out on the basis of known technology and experience which
is available within the nuclear industry as well as from work on underground facilities.
However, the technology must be adapted or developed bearing in mind the requirements
and conditions that apply to the deep repository. SKB states that there are gaps in existing
knowledge of the advantages and disadvantages of different construction methods with
regard to the repository function after closure.
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SKB has acquired experience from mechanized excavation in crystalline rock through
TBM drilling and raised shaft drilling at Aspo (SKB, 1995). In Finland (Olkiluoto),
reverse raised shaft drilling has been used for the drilling of deposition holes. Experience
so far (TVO) indicates that the methodology is slow and, thus, not yet cost-effective.

In SKB's view, which SKI also shares, the principle and applied methodology for
drilling vertical deposition holes appears to work from a technical point of view and,
therefore, appears to be worth developing further for the drilling of vertical as well as
horizontal deposition holes in the Aspo Hard Rock Laboratory. Comments on TBM
drilling at Aspo are provided in Chapter 7.

Grouting
SKB maintains that practical grouting work is mainly based on experience and, to a lesser
extent, on theoretical knowledge. For this reason, deeper knowledge must be acquired
(Pusch, 1992, Stille et al., 1992 and 1994). As far as grouting material requirements are
concerned, SKB prioritizes rapid hardening and high strength over limited chemical
impact on the deep repository.

SKI's consultant, Bergab (Palmqvist, 1996) states that bearing in mind that the criteria for
an acceptable model for estimating grout consumption, penetration of the grout material
and crack opening can be called into question, the modelling results (Stille et al., 1994)
should be interpreted with the utmost caution. Furthermore, in Palmqvist's view, the
models presented at present can comprise a basis for the analysis of the importance of the
factors which should be taken into account rather than used as reliable instruments for
predictions.

In the view of Norwegian researchers (Kjorholt and Nilsen, 1994), alternative grouting
material as well as alternative hardeners must be tested. Furthermore, in their view, a
classification system for grouting must be of practical use and theoretical development and
testing in the field should be carried out iteratively under varying conditions.

On the whole, SKI shares the views of Bergab and the Norwegian researchers.
Furthermore, in SKI's view, it is urgent that SKB should acquire deeper knowledge of
the durability of the grout, its long-term properties and its possible impact on the
chemistry of the repository which may be detrimental to the long-term safety of the
repository. SKI is also of the opinion that SKB's intentions with regard to modelling and
planned verification concerning grouting in the Aspo Hard Rock Laboratory are
praiseworthy.

6.4.3 Development of Equipment and Application of the Buffer

Development of Machinery and Equipment
According to SKB, most of the work in the deep repository can be carried out using
standard models of machinery or equipment which are available on the market, with
requirements concerning certain modifications and possible prototype testing. Examples
of the need for machinery over the next six-year period are modified TBM equipment for
tunnels and deposition holes, trucks, hoisting mechanisms in the shaft, lifting yokes as
well as transport vehicles and deposition vehicles for spent fuel and bentonite.

In SKI's view, there is a significant need to develop machinery. For this reason, it is now
important to start work to be able to test prototypes in the Aspo Hard Rock Laboratory.
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Application of Buffer and Backfill
SKI recommended that SKB, in its previous evaluation, should, as soon as possible
supplement its programme with a plan for how technical development work concerning
the buffer and refill is to be carried out.

SKB's plans (and partially initiated experiments) are described under two sub-headings in
Chapter 9 of RD&D Programme 95: the development of methods for the compression of
bentonite blocks and the development of methods for backfilling. The block compression
technology which SKB plans to concentrate on initially is uniaxial compression of large
blocks (about 1 m in diameter) and further study of the isostatic pressing method used in
the Stripa tests.

SKB's opinion is that the buffer properties of blocks of coarse grained bentonite manu-
factured using applied methodology are as good as blocks made of compressed bentonite
powder. In SKI's view, this work must be further developed in order to confirm that the
properties of the buffer are also adequate from the perspective of long-term safety.

In connection with planned full-scale backfill experiments at Aspo, SKB intends to use
uncrushed as well as crushed rock from the tunnel drilling machine (TBM muck). The
crushed rock will also be mixed with varying quantities of bentonite. The hydraulic con-
ductivity for the crushed rock is expected to be less than 10 9 m/s, which corresponds to
the water permeability in relatively fracture-free rock. Vibratory compaction of horizontal
layers as well as sloping layers will be carried out. Due to the difficulty of effectively
compacting the backfill material towards the tunnel roof in the Stripa experiments, SKI is
of the opinion that it is important for SKB to continue to develop this method in the Aspo
Hard Rock Laboratory (see Section 7.3.4 for further comments).

6.4 .4 Closure, Monitoring and Retrieval

Methods for plugging tunnels and boreholes have been tested in Stripa, Ranstad and
SFR. SKB places four different requirements on closure and plugging. Three of these
requirements concern the limitation/prevention of water flows in the deep repository. The
six-year programme (1996-2001) is described in five sub-headings: sealing of tunnels,
limitation of the axial flow in the disturbed zone, sealing against fracture zones, plugs
against the ground surface and plugging of boreholes. The first two sub-headings concern
planned experiments at Aspo Hard Rock Laboratory.

Under three of the above headings, SKB talks about the importance of long-term dura-
bility and the sealing capabilities of the qualities of material selected and their chemical
impact on the environment. In SKI's view, it is positive that SKB should place great
emphasis on the safety-related aspects of material qualities. However SKI finds that a
more detailed time-schedule for when certain results should have been attained is lacking.

Institutional monitoring is expected to be carried out as at other nuclear installations.
Programmes for the measurement of pressure, temperature, humidity, possible radiation
levels etc. in deposition holes and in deposition tunnels have been planned with the
technology which is under development at Aspo. SKB is now also developing methods
for the complete backfilling and sealing of the repository (see Chapter 7 of Aspo Hard
Rock Laboratory for comments).

The possibility of reversing the spent nuclear fuel deposition process has been taken into
account in SKB's plans. SKI assumes that SKB will plan and design machinery so that
any deposited canisters can be retrieved since SKB's credibility would otherwise be
questionable with regard to its intention as well as capability of retrieving the canisters if
necessary.
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6.5 Transportation to the Deep Repository

6.5.1 Introduction

SKB intends to transport casks of spent nuclear fuel from the encapsulation plant at
CLAB to the deep repository using only conventional methods. SKB plans to prepare a
safety assessment as part of the environmental impact statement for the deep repository.
SKB does not plan to carry out research of its own on transportation over the next few
years.

One area of development work which SKB is planning is the modification of reference
transport casks so that they are adapted to the latest canister design. SKB intends to carry
out the study over the next three-year period.

In connection with the feasibility studies at the inland municipalities of Storuman and
Mala, SKB has focused on and investigated transportation-related issues. The investi-
gations carried out by SKB included types and quantities of goods to be transported,
means of transportation, transportation routes and safety-related issues.

6.5.2 Types and Quantities of Goods

Two different types of goods will have to be transported by the system: heavy loads
containing encapsulated fuel and other long-lived waste as well as loose goods in the form
of bentonite and possibly sand. SKB estimates the total number of units transported to the
repository at about 300 per year. However, the largest quantities of goods to be
transported to the deep repository will be 15,000 tonnes of bentonite per year. Depending
on the backfill material selected, 45,000 tonnes of sand may also have to be shipped to the
deep repository.

In SKI's view, both types of goods will require specially covered carriages to prevent
damage/contamination prior to use in the repository.

6.5.3 Means of Transportation and Transportation Safety
for Radioactive Materials

SKB intends to ship canisters of spent nuclear fuel from the encapsulation plant by sea to
a suitable harbour for further transportation over land to the deep repository. The canisters
will be transported from the harbour to the deep repository by rail (railways will be
constructed to withstand higher loads per axle) or by road. To avoid re-loading, SKB
considers it to be an advantage if the same means of transportation is used for the entire
distance. SKI agrees with this view.

The fuel assemblies will be encapsulated in completely leaktight canisters. Transportation
will be carried out in radiation-shielded casks to provide a biological shield against
radiation from leaking from the fuel and through the canister. At the same time, the
transport casks containing canisters (weighing 50-70 tonnes) provides a strong
mechanical protection for canisters while they are being transported.

The transport casks are designed in accordance with the requirements established by the
IAEA. This means that they must protect the encapsulated fuel against damage as well as
provide a shield against any radiation emitted, so that the cask can be handled in
connection with loading and unloading. According to SKB, safety during the trans-
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portation of the casks between the encapsulation plant and the deep repository will focus
on the following points:

• the risk of accidents and incidents occurring during transportation must be
minimized,

• if some type of accident occurs, in spite of everything, this should not lead to the
release of radioactive material,

• the radiation levels on the outside of the transportation casks are to be lower than
the applicable limits so that the casks can be handled without the personnel
incurring any risk.

By achieving, this, it is possible to ensure that the transportation of the spent nuclear fuel
will not entail any risk to the environment in the vicinity of the repository or along the
transportation routes used. The safety of the transported spent fuel is partly determined by
the physical protection which aims at preventing theft and tampering.

Handling of the encapsulated spent fuel inside the repository places different requirements
compared with the transportation from the encapsulation plant to the deep repository. It
should be of interest for SKB to establish what requirements will be specific for handling
inside the deep repository especially with regard to the possible future retrieval of the
canisters.

6.6 Operating Safety and the Non-Proliferation
of Nuclear Weapons

SKI would like to emphasize that the control of Sweden's fulfilment of its safeguards
obligations with regard to the non-proliferation of nuclear weapon means that, through
Sweden's membership in the EU, the Euratom agreement applies and this entails control
by the EU Commission's safeguards' organization Euratom. However, Sweden still
retains its national responsibility and SKI will, as before, carry out frequent and at times
unannounced controls/inspections.

Sweden has initiated work concerning aspects of non-proliferation of nuclear weapons in
connection with the final disposal of nuclear fuel. Work is in progress and both SKB and
SKI are involved.

6.7 Summary of Evaluation

SKB's overall time-schedule and division into stages is a natural initial step in the steering
of various stage goals. However, SKI can see that there will be procedures which may
affect the time-schedule. SKI emphasizes that the time-schedule must be subordinated to
the need for ample time in order to ensure that the decision-making process is satisfactory
and will not affect the requirements which have been formulated through the safety
assessment, for example.

SKI is of the opinion that the plans described by SKB, after certain supplementary
information has been provided, can be used as a starting point for further work on the
planning of the siting of the deep repository. However, SKB should be aware of the fact
that a considerable amount of work remains on developing the plans in more concrete
detail before the deep repository project can be started. For example, SKB does not state
how it intends to select areas for surface-based site investigations, what requirements in
terms of knowledge will be made on the repository and what will happen if a site has to
be abandoned.
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In its work on identifying a suitable site for the final disposal of spent nuclear fuel, SKB
has opted for a policy whereby a municipality must show willingness to participate in
studies. This policy is questionable and has also been questioned by a large number of
reviewing bodies which would like to see a process based on (geo)scientific grounds, and
carried out from a national perspective.

6.7 .1 Completed and Planned Investigations

SKI considers that the impact of the depth of the repository on the repository function
must be further investigated, e.g. why temperature increase is a problem, the con-
sequences of greater rock stress and higher water pressure, the significance for safety of
degraded buffer performance as a result of an increase in the salinity of the groundwater
and whether greater difficulties will arise in connection with the geological and hydraulic
characterization of rock volumes.

As far as the completed general siting study is concerned, SKI is of the opinion that it
should have been possible for SKB, through a well-adapted study, to have excluded
certain areas by ranking them in terms of favourable and unfavourable factors from a
scientific, technical and societal perspective.

Furthermore, in SKI's view, the quality of the data obtained should allow more detailed
analyses and conclusions to be made than those provided in the General Siting Study. The
lack of a deeper analysis of what resolution a study on a national scale should have may,
in SKI's view, be a contributing factor to the limited applicability of the study in its
current form and scope.

In SKI's opinion, a deeper analysis of data as well as a synthesis of how important
factors must be followed up in more detailed studies should have led greater gains from
the General Siting Study. In any case, this is a stage that SKB itself envisages, even if the
scope is limited.

Furthermore, in SKI's view, SKB's General Siting Study should have described the
distribution of recharge and discharge areas, the consequences of siting the repository on
the coast or inland as well as the advantages and disadvantages of siting the repository in
southern or northern Sweden. Through a more co-ordinated discussion of issues which
may be of importance from the standpoint of safety assessment (or in connection with
alternative siting) and by focusing on significant issues of importance for the decision-
making process, the value of the study would have been considerably enhanced.

As far as feasibility studies are concerned, SKI realizes that there are advantages of
keeping within the boundaries of the municipality as an administrative unit, especially
with regard to the assessment of consequences on the environment, finance, local
economy and society. However, SKI wishes to emphasize that a good understanding of
the important geoscientific conditions in several cases requires geological regions which
are considerably larger than municipalities.

With regard to the feasibility study carried out in the Municipality of Storuman, SKI is of
the opinion that SKB should have more clearly described favourable as well as
disqualifying factors in its evaluation of the municipality's suitability as a deep repository
site. As an example, proximity to potential economic resources, the possibility of
constructing facilities in the Revsund granite, typical fracture geometries and their links to
the groundwater flow. The uncertainties in the information compiled in the study must be
more clearly described, quantified and discussed.
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SKI finds that RD&D Programme 95 does not contain any specification and quantification
of criteria and site selection factors. On the other hand, in the site investigation pro-
gramme which is planned, SKB intends to describe how essential information on site
selection criteria can be obtained. SKI considers this to be an important goal to which
SKB should accord the highest priority.

SKI finds that a more detailed plan of how SKB had intended to select the sites where it
intends to carry out site investigations is lacking. In accordance with the current time-
schedule, SKB will start site investigations during the current programme period. This
means that the methodology selected for the site investigation must be specified before the
site selection is started.

With regard to the proposed investigation stages when two sites (municipalities) have
been selected for surface-based site investigations, the scaling up and planned work seem
to be well-thought out. In SKI's view, the structure of SKB's proposal is preliminary.
However, a detailed site investigation programme must be prepared in good time prior to
the start of the site investigations.

SKI hopes that SKB, with its combined experience from investigations carried out at
study sites, Stripa and Aspo, has acquired the required knowledge for doing the right
things in the right way (in the right order) with the right equipment. This means that
parameters which are important to the long-term safety must be measured, evaluated and
documented, i.e. adapted to the needs of the safety assessment. The co-ordination of
different activities both in terms of time and content is necessary in order to i.a. obtain the
optimum benefit from the knowledge. This is something that, in SKI's view, should also
be taken into account in the programme.

SKI is of the opinion that active, well-controlled experiments of the type developed by
SKB within the Aspo project, are an important part of a detailed characterization pro-
gramme. Furthermore, SKB should also plan to use tracer tests in its site investigations to
verify hydrological zones and transport parameters as well as to verify connectivity
between existing zones.

SKI is aware that the properties of the rock are very heterogeneous. This means that there
is no possibility of achieving a "complete" description through a detailed characterization.
However, it is vital that methods should be developed and applied which, as far as
possible, can measure the parameters which are of importance for the long-term safety of
the repository.

6 .7 .2 Work Relating to Construction and Operation

SKI is of the opinion that SKB, in the Aspo Hard Rock Laboratory, should test and
evaluate methods for the horizontal deposition of canisters and related equipment
development. The deposition of two canisters in each vertical hole may require bentonite
blocks of other dimensions in the bottom of the hole and between the canisters in order to
prevent canister movements.

Furthermore, in SKI's view, the principle and the methodology which have been applied
to the drilling of vertical deposition holes (full-face drilling) appear to work from a
technical point of view and may therefore be worth developing further in the Aspo Hard
Rock Laboratory.

One alternative to the main repository design alternative that SKB has mentioned pre-
viously would be to construct the deep repository on two levels. SKI is of the opinion
that this alternative should be investigated again and compared with the single-level
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repository design. From the standpoint of rock mechanics, it would be of great interest to
obtain an answer to the question of whether one of the alternatives is preferable in terms
of stability in a long-term perspective (future glaciations).

Furthermore, in SKI's view, it is urgent that SKB should acquire deeper knowledge of
the durability of the grout, its long-term properties and its possible impact on the
chemistry of the repository which may be of importance for the long-term safety of the
repository.

SKB's opinion is that the buffer properties of blocks of coarse-grained bentonite
manufactured using applied methodology (isostatic pressing) are as good as blocks made
of compacted bentonite powder. In SKI's view, this work must be further developed in
order to confirm that the properties of the buffer are also adequate from the perspective of
long-term safety.

In connection with planned full-scale backfilling experiments at Aspo, SKB intends to use
uncrushed and crushed TBM muck. Due to difficulties in effectively compressing the
backfill material against the tunnel roof in the Stripa experiments, in SKI's view, it is
important for SKB to continue to develop this technique in the Aspo Hard Rock
Laboratory.

The possibility of reversing the spent nuclear fuel deposition process has been taken into
account in SKB's plans. SKI assumes that SKB will plan and design machinery so that
any deposited canisters can be retrieved since SKB's credibility would otherwise be
questionable with regard to its intention as well as capability of retrieving the canisters if
necessary.
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7 Aspo Hard Rock Laboratory

7.1 Background

In this chapter, SKI discusses Chapters 12 and Section 8.2.2 of SKB's RD&D Pro-
gramme 95.

After an evaluation was made by SKB of the facts, requirements and views presented in
connection with the preparation of R&D Programme 86, the proposal was presented of
constructing an underground hard rock laboratory in Sweden. Most of the reviewing
bodies were positive to the proposal. The National Board for Spent Nuclear Fuel (SKN)
was of the opinion that there was sufficient reason to construct an underground
laboratory, although SKN considered that an adequate geoscientific basis was lacking to
decide to site the facility at Simpevarp and Aspo.

7.1 .1 SKB's Work

The work on the Hard Rock Laboratory was divided into three stages: pre-investigation,
construction and operation. The siting of the Hard Rock Laboratory took place during the
pre-investigation stage (1986-1990). The natural conditions in the bedrock were analyzed
and described and certain predictions were made. During the construction stage (1990-
1995), extensive investigations and experiments were carried out in parallel with the
construction work. Construction of the tunnel to a depth of 450 m and construction of the
Aspo Research Village were completed. The operating stage was initiated during 1995.

7.1.2 SKI's Review Reports - Government Decision in 1993
concerning SKB's RD&D Programme 92

In SKI's Review Report to the Government of March 1993 (SKI, 1993), concerning the
results so far achieved by SKB, SKI stated the following:

• The determination of methodology for feasibility studies and detailed
characterizations would gain from reinforcing the link to a broadly based safety
assessment in order to identify what information is important and what information
is less important.

• SKB must carry out a thorough review of the validation process with a
comprehensive evaluation of whether the Aspo model provides a correct description
of the central issues.

• The integration between the Aspo project and, above all, the safety assessment
work as well as the work on the deep repository must be reviewed in order to
ensure that the goals are reconciled.

In SKI's Review Report, presented to the Government in 1993, and in the government
decision of December that year, SKB was recommended to take recommendations into
consideration in the further work. SKI can confirm that several of these recommendations
still apply, since SKB has not fully implemented the measures/evaluations which have
been described.
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7.2 Goals of the Aspo Hard Rock Laboratory

7.2 .1 Main Goal and Stage Goals

One of the main reasons behind SKB's decision to construct the Aspo Hard Rock Labora-
tory was to enable research, development and demonstration activities to be carried out in
a realistic and undisturbed rock environment at the depth at which it is intended to con-
struct the future deep repository. The main goals which are currently specified by SKB
are to:

• increase scientific understanding of the deep repository's safety margins

• develop and test technology which reduces costs and simplify the repository
concept without sacrificing high quality and safety,

• demonstrate technology that will be used for the deposition of spent nuclear fuel
and other long-lived waste.

On the basis of these goals, SKB has specified four stage goals which are evaluated in
detail below.

In SKI's view, from a general standpoint, the activities at Aspo are motivated by the
needs of the deep disposal project with regard to new knowledge. However, SKI has
certain comments to make regarding the scope, feasibility and time-schedule of the goals.
It must be emphasized that the deep disposal project cannot only be supported by the
knowledge acquired within the Aspo project. At the same time, the deep disposal project
is not completely dependent on the knowledge acquired within the Aspo project. Certain
investigation methods, such as geophysical methods, may be more or less applicable
depending upon site-specific geological conditions.

7.3 Results Obtained, Work Initiated and Planned
for Achieving Stage Goals

7.3 .1 Verify Pre-investigation Methods - Stage Goal 1

In order to verify the pre-investigations, SKB uses the method of characterizing the rock
volume from the surface, from boreholes as well as from tunnels and shafts. SKB intends
to show that the evaluations which have been carried out on the basis of pre-investigations
(site investigations) from the surface lead to the same main conclusions as those
subsequently obtained after detailed characterizations underground are completed.

In SKB's view, Stage Goal 1, Verification of Pre-investigation Methods was fulfilled
once the construction work and R&D work were completed in 1995. A final report on
results obtained and experience gained as well as a comparison between predictions and
actual outcome is planned to be carried out no later than during 1996. SKB's preliminary
conclusions are that, on the whole, the results show that the methods which are available
for rock investigation are well suited for obtaining the necessary knowledge and data on
the bedrock for the construction of a deep repository and for showing that the repository
fulfils the safety requirements.
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Comments of the Reviewing Bodies

In its review statement to SKI, Greenpeace maintains that it would like to see operational
and long-term safety requirements and states that these should be clearly specified.
Furthermore, Greenpeace considers that the work at Aspo has not yet been validated,
verified and accepted since the evaluation is in progress and further data have to be
interpreted.

The University of Technology in Linkoping is of the opinion that deviations from
predictions (e.g. low-dipping fracture zones, Stage Goal 1) can be seen as examples of
uncertainties which are linked to pre-investigations.

The Mathematical-Scientific Faculty at the University of Stockholm/SU (Pereira) main-
tains that SKB's goal: "to develop and test technology which reduces costs and simplifies
the repository concept without sacrificing high quality and safety" cannot be realized as
long as SKB has not carried out a complete site-specific safety assessment which defines
what is meant by a high level of safety.

The Royal Academy of Sciences states in its review statement to SKI that SKB's
proposed research work is adequate and the research work at the Aspo Hard Rock
Laboratory deserves to be particularly highlighted as centra] from the scientific standpoint.
From the purely scientific standpoint, there is hardly any reason for criticism.

SKI's Evaluation

A comprehensive development of methods, with a high level of scientific competence, has
been achieved within the Aspo project. However, much work remains to be done in the
form of the validation of individual methods for application within the deep disposal
project.

In previous evaluations of SKB's research programme, SKI has requested that SKB
should, at an early stage, provide a description of applied methodology for the verification
of pre-investigation methods. (The term pre-investigation has been used within the Aspo
project and is the equivalent of the concept of site investigation which is used in
connection with the siting of a deep repository). In SKI's view, SKB must define what is
meant by the expression sufficient data on essential safety-related properties of the rock.
There is a strong link between the basis for evaluating whether the site investigation
methods are adequate and the safety assessment's need for data. The Aspo project would
probably gain from reinforcing the link to a broadly structured safety assessment (see
Chapter 8 of this Review Report).

SKI does not fully agree with the statement that most methods for site investigations are
available, e.g. reliable methods for the detection of low-dipping fracture zones are lacking
as well as a programme for the measurement of rock mechanical properties. Examples of
preliminary conclusions which SKB draws from the Aspo investigations are that most of
the predicted fracture zones have been identified. However, SKI can observe that, e.g.
zone EW-7 was both incorrectly predicted and characterized (Stille et al., 1992). Further-
more (in several cases) the predicted strike, dip and width of several zones deviate from
what was actually found in the tunnel. In SKI's view, SKB should have commented on
the reasons for these deviations as well as on estimated uncertainties in the predictions.

Furthermore, SKB must investigate the benefit which can be gained from different types
of tracer tests carried out on different scales within a surface-based site investigation. This
is important in order to determine hydraulic properties and to verify geological structural
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models etc. A programme for groundwater chemistry sampling must also be developed
since experience from Aspo has indicated obvious problems.

The site investigation methodology which is applied at Aspo results in large quantities of
data. However, only some of this data provide essential information concerning the
safety-related properties of the rock. Thus, in order to assure the quality of the charac-
terization and evaluation of a site, it is necessary to carry out an overall evaluation of
applicable methods in order to measure safety-related parameters.

One conclusion which SKI has reached from the views expressed by SKB (Wikberg and
Gustafsson, 1993) is that Stage Goal 1 has not been fully attained since additional work
(flow rate, hydraulic gradients etc.) are recommended by SKB.

It is necessary that SKB, in the reports (on the Aspo project) to be made in 1996, should
be completely clear about the limitations of the measurement methods, i.e. concerning
what can be measured, the possible level of measurement accuracy as well as the sources
of error which may arise in instruments and while conducting measurements. It is also
important to establish the reason for major deviations between predictions and actual
results obtained. This issue is linked to evaluations using different models and validation.
Furthermore, SKB should describe the applicability of different methods to different
geological environments. Many of the methods which have been tested at Aspo are not
necessarily applicable at other sites with other geological conditions.

7 .3 .2 Finalize Detailed Characterization Methodology - Stage Goal 2

As far as Stage Goal 2 is concerned, Finalize Detailed Characterization Methodology,
SKB believes that a great deal of experience has been gained concerning the application of
many different investigation methods underground, particularly as regards the co-
ordination of detailed characterizations and tunnel construction.

On the basis of preliminary experience from Aspo, SKB maintains that there is a need for
the further development of certain methods to increase the quality of the collected data, to
increase efficiency as well as to improve reliability in a realistic underground environ-
ment. Thus, for SKB, the goal is to test and evaluate existing and new methods where the
usefulness of the methods for detailed characterizations is not clear. SKB intends to
establish a programme for testing and further development when the experience from the
construction stage of the Aspo Hard Rock Laboratory has been evaluated.

Experiments concerning the Disturbed Zone
In connection with rock engineering work, the zone around the tunnels and other holes
will be disturbed. The extent of this zone must be established by different methods. The
properties and extent of the zone must be taken into account in the interpretation of
measurement data from tunnel excavation as well as in the design of the repository and in
the assessment of its long-term performance. The disturbed zone entails a change in the
hydraulic properties of the rock as well as a change in the mechanical properties of the
rock. This can affect the stability of drifts and rock caverns and thereby influence the
layout of a repository. The reasons for the disturbance have been interpreted as a
combination of blasting damage, chemical reactions and redistribution of stresses.

During 1994, SKB started, in co-operation with ANDRA and UK Nirex, a study of the
disturbed zone for blasted and drilled tunnels (ZEDEX = Zone of Excavation Disturbance
Experiment) in the Aspo Hard Rock Laboratory (SKB, 1995). The result is expected to
be of importance for the selection of the excavation method or combination of excavation
methods which SKB plans to use in the deep repository.
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Rock System Visualization
During 1994, within the area of rock type visualization, SKB started to develop an
interactive 3D CAD tool for model simulation and result visualization. SKI can see several
advantages of the system where alternative structural models can be successively
developed to optimize further investigations as well as to be able to adapt the layout of the
deep repository to the geometrical structure of the rock.

Comments of the Reviewing Bodies

In its review statement, Greenpeace states that SKB should further develop methods for
surface-based investigations and also use these methods to develop methodology for
detailed characterization of the deep repository site and not only develop the methods
which have been used for measurement in connection with the underground work in the
Aspo Hard Rock Laboratory. Furthermore, Greenpeace congratulates SKB for the
development of a commendable concept for model simulation and result visualization.

SKI's Evaluation

At this point, SKI would like to reiterate the statement it made in its Review Report of
RD&D Programme 92 that a complete characterization of a rock mass can neither be
carried out at a site nor in a detailed investigation. The measurements that are carried out
from inside the tunnel do not provide all the answers. The results of the detailed charac-
terizations must also be interpreted and are also associated with uncertainties. SKI hopes
that method limitations, e.g. measurement precision, sources of error in instruments and
in connection with the design of detailed characterization methods, will be described in the
reports which SKB plans to publish in 1996.

In SKI's view, it is important that SKI, through the ZEDEX experiment and thereby
applied methodology, should improve knowledge concerning the extent of the disturbed
zone since this can act as a possible transport pathway for any radionuclides escaping
from damaged canisters and thereby affect the long-term safety of the deep repository.
The results of the evaluation will also serve as a guide in the selection of the excavation
method for the deep repository. SKI observes that SKB, in the measurement programme,
does not mention hydraulic tests and their usefulness in the description of hydraulic
properties.

In SKI's view, it would also have been desirable if SKB had more closely defined in the
stage goal what was meant by the concept of necessary in connection with the description
of the rock during the detailed characterization of a site. Since SKB has not specified what
information it aims to achieve, whether the stage goal has been achieved or can be
achieved cannot be satisfactorily evaluated.

SKI wishes to emphasize that methods used from both surface-based investigations as
well as tunnel investigations at Aspo must be further developed on the basis of the
experience gained in order to be of subsequent use in the planned site investigations and
detailed characterizations. For further comments concerning the further development of
measurement methodology for detailed characterization, see Section 6.3.6.

7 .3 .3 Test Models for the Description of the Barrier Function
of the Rock - Stage Goal 3

Within the framework of this stage goal, SKB plans to carry out the project with the aim
of evaluating the usefulness and reliability of different models for the determination of the
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barrier function of the rock as well as to evaluate and test methods for the determination of
parameters included in the models. A special Task Force is working on linking the
modelling work to ongoing and future experiments at the Aspo Hard Rock Laboratory.

Classification and Characterization of Fractures
SKB plans to develop a fracture classification system to link the geological character of
fractures to their occurrence and properties as water conductors and transport routes for
radionuclides (Mazurek et al. 1995). According to SKB, the aim of the classification
project is to obtain data (parameter values) on fracture characteristics for transport
modelling on the basis of a few relevant fracture classes.

Tracer Retention Understanding Experiments - TRUE
SKB has designed a programme for tracer tests on different scales to gain a better
understanding of radionuclide transport and retention in fractured rock, to evaluate the
usefulness and reliability of different models as well as to develop, test and evaluate
models and determine values for important transport parameters in situ in the Aspo Hard
Rock Laboratory. The programme has been divided into stages where it is planned that
experiments will be carried out in close connection with the Aspo Task Force. The results
will be made available to the Task Force on a continuous basis so that they can be applied
to different transport models. This approach will enable the necessary co-operation
between experimentalists and modelling engineers to be achieved.

Redox Experiment on a Detailed Scale
The aim of SKB's planned redox experiment at the Aspo Hard Rock Laboratory is to
establish and demonstrate how oxygen is consumed on contact with rock (backfill and
bentonite) and thereby minimize any risk for corrosion attacks on the copper canister
during a limited period of time after repository closure.

Radionuclide Retention
In connection with laboratory experiments, numerical values for constant distribution
coefficients, Kj values, (affinity for adhering to different surfaces) have been obtained for
radionuclides. These parameter values are used in safety assessments. Natural ground-
water conditions concerning redox status, colloid concentrations, dissolved gases and
organic materials in rock are difficult to reproduce in the laboratory. Consequently, the
values for e.g. dissolution or the retention of radionuclides linked to the groundwater
characteristics contain considerable uncertainties. In order to improve knowledge in this
area, SKB has developed a borehole probe to carry out in situ measurements during the
next five-year period. The aim of the measurements is to evaluate the influence of
naturally reducing conditions on solubility and sorption of radionuclides as well as
evaluate the capacity of the groundwater to absorb and transport radionuclides with
natural colloids, humus and fulvic acids.

Comments of the Reviewing Bodies

Greenpeace emphasizes that the work carried out by the Task Force should be subjected
to peer review from independent researchers and other interest groups in society. This
view is in keeping with SKI's statement in its Review Report of RD&D Programme 92.
At that time, SKI proposed that SKB, to a greater extent than before, should publish its
research results in open scientific literature.

Greenpeace also believes that considerable work remains to be done before fractures can
be adequately classified and characterized. Greenpeace warns that generalizations at this
stage can be highly misleading for outside observers.
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In its review statement, the Swedish Natural Science Research Council (NFR) states that
it will be very important to improve the state of knowledge concerning fracture frequency
and the importance of the fracture size for the transport of radionuclides.

SKI's Evaluation

In SKI's view, SKB's work on testing and evaluating models for the description of the
barrier function of the rock is of a high international class. Thus, SKI fully supports SKB
in its further work within this area.

SKI considers that it is hardly surprising that there is good agreement between the
calculation models of different Task Force groups (flow and transport) for Aspo, since
the models were based on processed data from LPT2 (Task 1). Thus, it is desirable that
SKB, to a greater extent than before, should study alternative interpretations (models) of
Aspo and discuss if any interpretation can actually be considered to be supported to a
greater extent by data than any other.

SKI believes that if the proposed interpretation for fracture classification can be
confirmed, this will facilitate investigation and detailed characterization of the rock at a
particular site and possibly also the selection of canister positions in the repository.
However, SKI would like to emphasize that SKB should take into account the fact that
much remains to be done before this can actually be proven.

SKI has observed with satisfaction that SKB has taken into account the proposals which
were presented in SKI's Review Report of RD&D Programme 92, where SKI stated that
modelling is an important means of planning experiments and that SKB needed to develop
its approach to modelling. In accordance with SKB's current proposal, modelling and
experiments will be an integrated and iterative process. By modelling a possible experi-
mental design, using different conceptual models of the hydraulic and chemical properties
of the rock, it is possible to study whether the postulated parameters or effects can
actually be observed in reality.

SKI also considers it to be of great value that SKB, at repository depth in the Aspo Hard
Rock Laboratory, is acquiring in depth knowledge of the mechanisms of oxygen and the
reaction rate upon contact with rock and the minerals in water-bearing fractures. This is
particularly important since the knowledge of how the redox front can spread from the
surface downwards into the rock, e.g. in connection with ice ages, has considerably
increased since RD&D Programme 92 was presented. A scenario with oxidizing phenom-
ena down to repository depth is not considered to be impossible nowadays.

Furthermore, SKI is of the opinion that it is of value that SKB should carry out, at
repository level (at a depth of 450 m in the Aspo Hard Rock Laboratory), in situ
investigations of the different properties of radionuclides, since this knowledge is
necessary to validate models and parameter values which are to be used in safety
assessments. However, SKB should ensure that the natural environment will not be
affected so that the results will be useful for the long period of time that the experiments
will be carried out.

7 .3 .4 Demonstrate the Technology for and Function of Important
Parts of the Disposal System - Stage Goal 4

In SKB's view, the construction of the Aspo Hard Rock Laboratory has resulted in
valuable experience with regard to the fourth, modified Stage Goal, Demonstrate
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Construction and Handling Methods, above all through the fact that a tunnel drilling
machine (TBM) has been used on a limited tunnel section (the last 408 m of the tunnel).

According to SKB, the Aspo Hard Rock Laboratory will provide an opportunity to, on a
full scale, evaluate, investigate and demonstrate various components in the deep disposal
system which are of importance for long-term safety. Within the framework of the stage
goal, SKB plans to construct a full-scale prototype of the deep repository in order to
simulate the deposition sequence including the testing of different backfill materials and
methods for backfilling tunnels.

Planned programmes for the testing of backfill materials which will be conducted by SKB
in three different projects will involve the testing of different materials for tunnel
backfilling, the construction of a prototype repository at the end of the TBM tunnel as
well as the testing of buffer material under different extreme (dry/wet) conditions.

Testing of Different Backfill Materials
In addition to experiments involving different backfill materials (uncrushed rock, i.e.
TBM muck, mixtures of quartz sand-bentonite, crushed rock-bentonite) and different
packing methods, SKB plans to develop technology for the positioning, design and
performance of a tunnel plug. Other goals are to test methods for retrieving tunnel
backfill, to test the interaction between the backfill and the near field rock in a blasted
tunnel and to increase knowledge of the hydraulic properties of the disturbed zone.

SKB has described detailed plans for carrying out the experiments (Borgesson, 1995). A
discussion is presented concerning the possibility of distinguishing the water flow in the
backfill and in the rock to thereby be able to determine the axial water transport in the
tunnel direction in the disturbed zone in the rock as well as in the KBS-3 backfill (and not
only as planned the total axial hydraulic transmissivity).

Prototype Repository
In SKB's view, prior to the construction of a deep repository, it is of particular
importance to test the interaction between the engineered barriers and the rock in a realistic
environment. SKB intends to do this in a "protoype repository" which is constructed at
the end of the TBM-drilled tunnel in the Aspo Hard Rock Laboratory at a depth of 450 m.
The overall goals are to simulate the stages in the disposal sequence from the detailed
characterization of the surrounding rock until the water saturation of the backfilled
deposition holes and tunnel.

Long-term Tests of the Performance of the Buffer
On the basis of the tests which were carried out at Stripa (over a period of 5 years), some
basic knowledge has been acquired concerning the buffer and its properties in the
repository environment. SKB has found i.a. that the negative effects (salt enrichment,
quartz dissolution in the bentonite and cementation) on buffer performance are negligible
if the buffer is designed with the intended density (about 2.0 g/cm3 after water saturation
in laboratory experiments) in the KBS-3 method where the bentonite blocks are pre-
compressed with a high degree of water saturation and the temperature is kept at a
moderate level (below 100 °C).

In order to verify laboratory results, e.g. the alteration of smectite to illite, salt
enrichment, the influence of a high pH, and models under realistic deep repository
conditions, SKB intends to test the performance of the bentonite buffer in the deep
repository environment over a long period of time (possibly up to 20 years).

Fracturing in connection with Tunnel Drilling Using the TBM
In SKB's view, mechanical drilling (TBM drilling) entails much less damage to the rock
wall than conventional drilling/blasting. Fracturing in the tunnel periphery and in the walls
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of the deposition holes are important to the hydraulic properties (transmissivity) in the
near field. For this reason, the aim is to further develop a model for fracturing in
crystalline bedrock and to verify the model through further laboratory tests and studies of
samples from the TBM-drilled part of the Aspo tunnel.

Siting of Suitable Near Fields
The methodology of predicting suitable canister positions (Provisional Position Index,
PPI is defined as the probability that a canister position can be used in a given rock
volume) is being tested at the Aspo Hard Rock Laboratory and is expected to provide a
basis for the planning, design and construction of a deep repository.

In SKB's view, preliminary results (Rosen and Gustafson, 1994) based on calculations
carried out with a geostatic model developed by SKB indicate that there are possibilities of
identifying approved canister positions along the TBM tunnel in terms of lithology and
rock quality. This is in good agreement with observations made along the tunnel. On the
other hand, bearing in mind the hydraulic conductivity, the PPI calculations indicated that
there was very little possibility of locating acceptable canister positions along the tunnel
(Rosen and Gustafson, 1995).

Test of Grouting Methodology
In its Review Report of RD&D Programme 92, SKB was recommended to allocate re-
sources for the improvement of the grouting methodology which is required to pass trans-
missive zones of weakness at great depths and therefore carry out additional grouting ex-
periments (besides experiments for the passage of NE-1) before initiating the operational
phase of the Aspo Hard Rock Laboratory. This has been partially carried out and reported
(Stille et al., 1994) where the experience from the passage of NE-1 has been utilized.

For the characterization of rock from the standpoint of grouting, it is planned to develop
and test a purpose-suited hydraulic testing method under well-controlled forms in the
Aspo Hard Rock Laboratory. In the beginning of 1997, SKB plans to initiate testing of
grouting methodology including field experiments concerning dispersion mechanisms in
fractured rock with varying fracture openings. One condition is that theoretical data will
be available in the form of conceptual models for the prediction of grouting results.

Comments of the Reviewing Bodies

Of the reviewing bodies, the Royal Institute of Technology (KTH) maintains that in order
to apply the described backfilling methodology, it is required that the material can be
guaranteed to have homogeneous properties in order to form part of an engineered barrier.
If there are considerable variations in the geological variations, it will be difficult to fulfil
this requirement. KTH also emphasizes that any organic materials taken into the
repository during the construction work and any effect such materials may have (on
repository chemistry) should also be taken into account, in general.

Greenpeace maintains that it is highly probable that SKB will be confronted with many
practical and technical problems during the course of the project. These problems may
mean that the design of experiments for the prototype repository may have to be modified.
Furthermore, in Greenpeace's view, much greater emphasis should be placed on the
grouting methodology since uncertainties in predictions concerning fracture grouting
effects/results will mean that it will be very difficult to verify the ultimate level of safety.

The Swedish Natural Science Research Council (NFR) believes that it is important to
demonstrate, at Aspo, technology which will be used in the deep repository. NFR also
believes that the Aspo Hard Rock Laboratory will be an important resource for Swedish
geoscientific research.
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SKI's Evaluation

SKI supports SKB's plans to use the Aspo Hard Rock Laboratory for the practical
development of the deep disposal system. However, in spite of the relatively long
duration of the project (10-15 years), the prototype repository cannot be used (as SKB
also points this out) to demonstrate the long-term safety of a deep repository. SKI
considers it to be valuable that SKB is carrying out the proposed tests on a full-scale since
this may confirm whether the disposal technology is living up to SKB's expectations.

In SKI's view, there are questions relating to the use of uncrushed as well as crushed
TBM muck from the environmental (oil spills and other organic impurities) and other
standpoints. A large specific surface of crushed rock with varying mineralogy may also
cause a change in the chemistry in the tunnels as well as a change in the chemistry of the
fracture minerals in the deep repository which, in turn, can have a negative impact on the
engineering barriers.

SKI believes that it is important for SKB, on the basis of experience from experiments
carried out at Stripa, to further develop existing methods and to develop new methods for
the emplacement, compacting, excavation of backfill in tunnels as well as to develop and
test field measurement instrumentation and sampling methods for the buffer and backfill.

SKI also believes that it is important that SKB should, through the Aspo experiments,
verify the Stripa results and broaden the knowledge of the performance of the bentonite
buffer in the deep repository environment. Due to the length of time that it is planned to
carry out the experiments (up to 20 years), it may be difficult for SKB to benefit in full
from the knowledge and to apply such knowledge to the deep repository. See Section 4.4
of this Review Report for further comments by SKI concerning the buffer.

SKI is of the opinion that SKB must investigate the actual benefit of the "PPI
calculations" at the planning stage for making a prognosis of approved canister positions
in a deep repository. Furthermore, in SKI's view, SKB must first establish the criteria
that can be used to determine whether a canister position is to be eliminated or accepted in
relation to the requirements of the safety assessment.

In SKI's view, if the determination of axial water transport in the tunnel direction in the
disturbed zone can be carried out without excessive practical and technical problems
(instrumentation) it would be particularly valuable for SKB to utilize the possibility of, in
this way, acquiring greater knowledge of the hydraulic properties of disturbed zones.

SKI is looking forward to an evaluation of experience gained from the Aspo Hard Rock
Laboratory in order to establish the differences, advantages and disadvantages, between
the applied alternative construction methods, full-face drilling and conventional
drilling/blasting, for application in the deep repository. SKI also believes that it is
important and necessary for SKB to acquire more detailed knowledge of the fracture
system in tunnel contours and in deposition holes in connection with mechanical drilling,
since the extent of the disturbed zone is of considerable importance for the long-term
safety of the deep repository. SKB must still verify the claim that TBM drilling will lead
to considerably less damage to the rock wall than is the case in with smooth blasting
(evaluation which SKB plans to carry out during 1996).

As far as the testing of grouting methodology is concerned, SKI believes that, in general,
it can be said that tests with different grouting materials have so far been far too limited at
the Aspo Hard Rock Laboratory. It is obvious that a practical classification system for
grouting must also be developed and it is furthermore important that theoretical develop-
ment and field tests will be carried out as an integrated and iterative process (Kjorholt and
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Nilsen, 1994). See Section 6.4.2 of this Review Report for further comments by SKI
concerning the grouting methodology.

Furthermore, in SKI's view, SKB should consider the possibility of the test deposition of
full-scale canisters at the Aspo Hard Rock Laboratory, which SKB has hinted at in other
contexts. The possibility of drilling a horizontal deposition hole at the end of the TBM
tunnel and of testing a horizontal canister position in the bentonite buffer, directly in the
tunnel should also be considered by SKB.

7.4 Time-schedule for Experiments

7.4.1 Planned Tests

The testing of models for the barrier function of the rock, including TRUE and radio-
nuclide retention, is planned, according to SKB's time-schedule to continue mainly up to
the year 2002. In SKI's view, these tests must be carried out until the licence for a licence
to conduct detailed characterization of a repository is submitted. It is possible that this will
occur later than the year 2002. However, this does not mean that all testing will cease
after the application has been submitted, since experiments must also be carried out in the
deep repository up to the time that an application for a licence to operate Stage 1 (5-10%
of the spent nuclear fuel) is submitted and possibly until the time that deposition of the
fuel is started. It should also be observed that the need for research remains even after the
deep repository has been taken into operation (cf. Section 4.10).

According to the time-schedule, the demonstration of technology and performance,
including a prototype repository and long-term test of the buffer material is also planned
to continue until the year 2002. However, SKB mentions that the duration of the project
can be expected to be 10-15 years for prototype repository tests and up to a maximum of
20 years for buffer material tests.

In SKI's view, all of the prototype repository tests should be completed and evaluated no
later than when the application for an operating licence for Stage 1 of the repository is
submitted to the authorities. This is planned to take place in the year 2006, at the earliest,
after the detailed characterization and construction of Stage 1 are completed. In SKI's
view, the time-scale of a maximum of 20 years for the testing of the buffer material seems
to be not entirely realistic, if SKB's time-schedule is taken into consideration.

7.4.2 Co-ordination with SKB's Other Activities

As SKI emphasized in its Review Report of SKB's RD&D Programme 92, the need for
co-ordination is particularly great during the latter part of the operational phase of the
Aspo project since during this phase, the deep repository project will probably be in a
very active period. SKI particularly wishes to emphasize the importance of prioritizing the
future activities according to the needs which emerge from an integrated safety
assessment. The role of the Aspo project as a supplier to other projects may also have to
be reviewed. It is the needs, particularly within the deep repository project, which should
dictate what work must be carried out at Aspo as well as when and how. The prime goal
of the Aspo project would then be to deliver the desired information to other projects
being carried out by SKB. Thus, the time-schedules and goals which have now been
formulated for the operational stage must not be allowed to dictate the rest of SKB's
work. It must be possible to significantly review the plans as the need arises.

It is also obvious that the necessary knowledge and experience do not only have to be
obtained from the Aspo Hard Rock Laboratory. This experience may very easily be
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available or attained within other disposal programmes abroad. Through its participation
in international projects, SKB has made sure that it can acquire such knowledge.

7.5 Overall Evaluation

7.5 .1 SKB's Stage Goals for the Aspo Hard Rock Laboratory

SKB's purpose in establishing the Aspo Hard Rock Laboratory is to enable research,
development and demonstration activities to be carried out in a realistic and undisturbed
rock environment at the depth at which it is intended to construct the future deep
repository. Before a site is selected for detailed characterization, pre-investigation
methods at Aspo will be verified and detailed characterization methodology will be
finalized. As a basis for the optimization of the deep disposal system and for a safety
assessment prior to an application for a repository siting licence, SKB intends to test and
evaluate models for the description of the barrier function of the rock. Prior to the
construction of the deep repository, SKB wishes to demonstrate technology for the
function of important parts of the repository system.

In SKI's view, the activities at Aspo are motivated by the needs of the deep disposal
project. In SKI's view, the extensive experimental programme which has now been
planned for the coming period of 1996-2001 (with an estimated operating period of about
15 years) will probably provide a good opportunity to improve the understanding of
important parameters and processes in crystalline bedrock and to develop methodology
for detailed characterizations.

However, in SKI's view, SKB should review its time-schedule for the Aspo Hard Rock
Laboratory and more clearly account for the deadline when certain strategic issues must be
resolved with regard to further work on the deep repository. This does not mean that all
of the research at the Aspo Hard Rock Laboratory has to be completed before the start of
the detailed characterization of the deep repository site. SKI also wishes to emphasize the
importance of prioritizing the future activities according to the needs which emerge from
an integrated safety assessment.

7 .5 .2 SKI's Overall Evaluation of the Stage Goals

Verify Pre-investigation Methods - Stage Goal 1

A comprehensive development of methods, with a high level of scientific competence, has
been achieved within the Aspo project. However, much work remains to be done in the
form of the validation of individual methods for application within the deep disposal
project. Furthermore, work remains to be done on combining different methods into an
integrated site investigation programme, which will provide the information required for
the evaluation of a site's potential for safe, long-term deep disposal. SKI emphasizes that
this requires that an overall evaluation of suitable methods and measurement strategies
should be carried out, using the overall requirements on measurement data from the safety
assessment and other parts of the deep disposal programme as its starting point.

There is a strong link between the basis for evaluating whether the site investigation
methods are adequate and the safety assessment's need for data. Thus, SKI is of the
opinion that the Aspo project would benefit from reinforcing the link to a broadly
structured safety assessment.
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SKI also emphasizes that a need for development still remains with regard to individual
methods, including

• detecting low-dipping fracture zones
• a programme for the measurement of rock mechanical properties
• methodology for tracer tests applied to a surface-based site investigation as well as
• a programme for sampling of groundwater for chemical analysis.

It is necessary that SKB, in the reports to be made in 1996, should be completely clear
about the limitations of the measurement methods, i.e. concerning what can be measured,
the possible level of measurement accuracy as well as the sources of error which may
arise in instruments and while conducting measurements. It is also important to establish
the reason for major deviations between predictions and actual outcomes. This issue is
linked to evaluations using different models and validation. Furthermore, SKB should
describe the applicability of different methods to different geological environments. Many
of the methods which have been tested at Aspo are not necessarily applicable at other sites
with other geological conditions.

Finalize Detailed Characterization Methodology - Stage Goal 2

In SKI's view, it would have been desirable if SKB had more closely defined in the stage
goal what was meant by the concept of necessary in connection with the characterization
of the rock during the detailed characterization of a site. Since SKB has not specified what
information it aims to achieve, whether the stage goal has been achieved or can be
achieved cannot be satisfactorily evaluated.

SKI hopes that SKB, through the ZEDEX study, can obtain a better understanding of the
extent of the disturbed zone and that the experiment will also be one of several guiding
factors in the selection of excavation methods in the deep repository.

Finally, SKI wishes to emphasize that methods used from both surface-based
investigations as well as tunnel investigations at Aspo must be further developed on the
basis of the experience gained in order to be of subsequent use in the planned site and
detailed characterizations. SKI is of the opinion that SKB must establish, more clearly,
which safety-related factors can be determined in connection with a surface-based site
investigation as well as a detailed characterization from tunnels and shafts.

Test Models for the Description of the Barrier Function of the Rock
- Stage Goal 3

It is desirable that SKB, to a greater extent than before, should study alternative
interpretations (conceptual models) of Aspo and discuss if any interpretation can actually
be considered to be supported to a greater extent by data than any other. Thus, SKI's
view is that SKB has not seriously evaluated different conceptual model descriptions of
Aspo and, thereby, has not studied how uncertainties in interpretations affect uncertainties
in predictions of groundwater flow and the transport of solutes.

In SKB's view, it is of great value that SKB should now take advantage of the possibility
of carrying out long-term experiments in the Aspo Hard Rock Laboratory in order to
determine the hydraulic properties and the capability of the rock to retard radionuclide
transport. Assuming that the Tracer Retention Understanding Experiments (TRUE) are
successful, SKB should be able to use the methodology to carry out corresponding
experiments at the repository site.
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SKI also considers it to be of great value that SKB, at repository depth in the Aspo Hard
Rock Laboratory, is acquiring in depth knowledge of the mechanisms of oxygen and the
reaction rate upon contact with rock and the minerals in water-bearing fractures. This is
particularly important since the knowledge of how the redox front can spread from the
surface downwards into the rock, e.g. in connection with ice ages, has considerably
increased since RD&D Programme 92 was presented.

Furthermore, SKI is of the opinion that it is of value that SKB should, in situ at
repository level, investigate the different properties of radionuclides, since this
knowledge is necessary to validate models and parameter values which are to be used in
safety assessments. However, SKB should ensure that the natural environment can be
kept undisturbed during the long period of time that the experiments will be carried out.

Demonstrate the Technology for and Function of Important Parts of the
Disposal System - Stage Goal 4

SKI supports SKB's plans to use the Aspo Hard Rock Laboratory for the practical
development of the deep disposal system. For Stage Goal 4, to demonstrate technology
for the function of important parts of the repository system, SKI believes that it is
important for SKB, on the basis of experience from experiments carried out at Stripa, to
further develop existing methods and to develop new methods for the emplacement,
compacting, excavation of backfill in tunnels as well as to develop and test field measure-
ment instrumentation and sampling methods for the buffer and backfill.

SKI also believes that it is important that SKB should, through the Aspo experiments,
verify the Stripa results and broaden the knowledge of the performance of the bentonite
buffer in the deep repository environment. Due to the length of time that it is planned to
carry out the experiments (up to 20 years), it may be difficult for SKB to benefit in full
from the knowledge and to apply such knowledge to the deep repository.

With regard to experiments in the Aspo tunnel using different backfill materials, SKI is of
the opinion that questions remain to be answered concerning the use of crushed as well as
uncrushed TBM muck. Questions which must be investigated include the possible impact
on the chemical conditions in the repository caused by TBM muck as well as practical
problems in connection with backfilling.

SKI is looking forward to an evaluation of experience gained from the Aspo Hard Rock
Laboratory in order to establish the differences, advantages and disadvantages, between
the applied alternative construction methods, full-face drilling and conventional
drilling/blasting, for application in the deep repository.
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8 Safety Assessment

8.1 Introduction

SKB describes safety assessments under several headings in RD&D Programme 95. The
state of knowledge and programmes for method development are described in Section 5.1
and in Section 11.7, respectively. In Chapter 10, Programme for Safety Assessments
etc., an account is provided of how the safety assessments will be included as a basis for
decision-making when different licence applications are submitted/various decisions have
to be made. A proposal for a template for safety reports as well as the state of knowledge
and the continued programme for the development of safety assessments are presented in
SKB's report, Template for Safety Reports with Descriptive Example. (SR 95).

SKI has commented on SKB's safety assessment methodology as well as on SR 95 in
Section 8.2. SKI's views on the basis for decision-making (safety reporting) prior to
forthcoming licence applications are presented in Section 8.3. SKI's overall evaluation is
presented in Section 8.4.

8.2 Safety Assessment Methodology

One of the stipulations of the government decision on RD&D Programme 92 was that
SKB should present a programme for future safety assessments. In its RD&D Pro-
gramme 92 Supplement, SKB presented a programme for future safety assessment
reporting as well as plans for further development work on safety assessment methodol-
ogy, including the handling of uncertainties, validation and integration of different
background studies.

In SKI's view, the direction of the supplementary programme for safety assessments can
provide the information which will be necessary prior to future licence applications.
However, SKI emphasized that several method-related issues needed to be further
developed and specified in concrete terms. This included a description of the premises,
purpose and scope of various safety assessments, the links between site specific data and
safety assessment, scenario methodology, the handling of uncertainties and validation.
SKI emphasized that the structure and content of safety assessments must be discussed
with the different parties who will use safety assessments as a basis for decision-making.
Furthermore, SKI maintained that it will be necessary to use safety assessments when
SKB prepares a programme for site investigations and specifies a design basis for the
canister. This was emphasized in the Government's decision of May 1995 concerning
SKB's RD&D Programme 92 Supplement where the Government stated that "SKB ...
must describe its plans and programme for the specification of technical requirements on
barriers, subsystems and components, on the basis of performance analysis and safety
assessments of the final disposal system, as well as for the investigation of possible
repository sites".

8.2 .1 State of Knowledge and Planned Work

General

In RD&D Programme 95 (Sections 5.1 and 11.7), SKB describes the state of knowledge
and programme for the development of safety assessment methodology prior to planned
licence applications.
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SKI considers that safety assessments are also an important tool which should be used on
a recurrent basis to direct the development of different parts of the final disposal
programme. As the deep disposal programme progresses, it is necessary to carry out, at
regular intervals, new safety assessments which incorporate new knowledge and provide
access to new data, e.g. geoscientific site data and more detailed specifications for the
canister and the other engineered barriers. It is necessary to check that the requirements
from the safety assessment are still relevant in relation to ongoing development and
modification work on the deep disposal system. It is also necessary to successively define
and quantify general requirements. Finally, newly developed safety assessment methodol-
ogy must be applied and evaluated.

SKB's most recent complete safety assessment for the final disposal of spent nuclear fuel
was carried out in connection with the evaluation of the KBS-3 method in 1983-84. Since
then, SKB has carried out the SKB 91 safety assessment (SKB, 1992) which focused on
the importance of the rock barrier for the long-term safety of a deep repository.
Furthermore, a large number of performance analyses for individual barriers and
components in the deep disposal system have been presented in SKB's technical reports
on a continuous basis. According to SKB's current time-schedule, the next safety
assessment for the entire final disposal system will be presented in connection with the
application for a licence to site and construct the encapsulation plant.

In the light of the above and bearing in mind future commitments in connection with the
selection of investigation sites and the siting of the encapsulation plant, SKI considers that
the next safety assessment is an important point of reconciliation in SKB's deep
repository programme, especially with regard to the application and evaluation of SKB's
methodology for carrying out a complete safety assessment.

Scenarios

In RD&D Programme 95, SKB describes ongoing work on the preparation of a
systematic methodology for the selection and analysis of scenarios. Two different
methods have been studied : the RES method and a method involving the use of influence
diagrams. The former method is SKB's main alternative. The RES method means that the
most important system components and their properties ("Features, Events and
Processes, FEPs") and the inherent interactions/links between these are described in the
form of a matrix. The matrix is the Process System. Work is currently in progress to
compile information in the form of RES matrices, and will be presented as part of the
documentation in the application for a licence to site and construct the encapsulation plant.
SR 95 provides an illustration of how the methodology can be used to select and analyze
the consequences of different scenarios. SKB emphasizes that the analyses do not cover a
complete set of scenarios. Some of the more important scenarios are the normal scenario,
canister defect scenario, ice-age scenarios and human activity-related scenarios.

Comments of the Reviewing Bodies

The Mathematical-Scientific Faculty of the University of Stockholm/SU (Pereira) states
that the RES method is a valuable and coherent instrument for the design of scenarios.
However, SU states that each scenario in itself includes a full spectrum of uncertainties
associated with experimental data, input data for models and conceptual model un-
certainties. For each scenario, it is important to discuss these uncertainties and how they
are to be treated. SU further points out the unclear definitions of scenarios in SR 95, with
regard to the relation between the "Reference scenario" and the "Normal scenario". SU
believes that it is misleading to call a scenario where no canisters are damaged a "Normal
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scenario", bearing in mind the fact that the goal of the encapsulation programme is that no
more than 0.1% of all of the canisters should have initial defects.

The Swedish Council for Planning and Co-ordination of Research (FRN) and the
Swedish Natural Science Research Council (NFR) consider that "worst case" scenarios
should be used to establish upper boundaries for any damage to the final disposal system.
Greenpeace considers that the scenario methodology is well-described. However, in its
view, the selection of the RES method must also be motivated. In the view of the Royal
Institute of Technology (KTH), the procedure for scenario selection must be clarified.

SKI's Evaluation

In SKI's view, SKB's development work on scenario methodology is of a high standard
and essential progress has been made by SKB compared with RD&D Programme 92. The
application in SR 95 (Chapter 9) is a good example of a structured description of the final
disposal system and scenario analysis. The tables with information on Scenarios,
Initiating Events, Consequences and Analysis Method provide an overall and traceable
manner of deriving the need for analyses and calculations. However, SKI would like to
emphasize that the methodology must be further developed and evaluated before it can be
applied to safety assessments for future licence applications. A complete system
description of the different components of the repository must be developed in matrix
form. Furthermore, SKI shares KTH's view that the procedure for scenario selection
must be specified in concrete terms.

SKI would also like to emphasize that SKB must develop a strategy for selecting an
analysis method and conceptual models as well as for formulating calculation cases for
selected scenarios. SKI is in complete agreement with SU that the uncertainties within a
scenario are at least as important as the scenarios which are selected. In SKI's view, the
selection of the analysis method must be motivated and it must be possible to derive the
selection of the method using an overall strategy for propagation and evaluation of
parameter uncertainties, process and model uncertainties and spatial variability.

SKB is following the international work within NEA on questions pertaining to how
human actions can affect repository safety. SKI considers this to be a good starting point.
However, SKI believes that SKB must develop its own strategy for how questions
relating to human intrusion will be handled in future safety assessments.

More detailed comments on SKB's work on scenarios are provided in Section 4.2 of this
Review Report.

Uncertainties and Validation

RD&D Programme 95 provides general comments concerning the state of knowledge and
ongoing development work concerning uncertainties and validation. SR 95 provides a
general survey of the understanding and handling of uncertainties with regard to their role
in the safety assessments. In Chapter 5.1.4 of RD&D Programme 95, SKB states that
"the assessment of whether knowledge and technology for handling uncertainties is
adequate, or whether it must be further refined, is closely linked to how simplifications,
pessimistic assumptions and safety margins are handled in each specific assessment."

SKB's work on validation includes the preparation of "validity documents" for analysis
models as well as ongoing "validity experiments" at Aspo, which aim at testing the
models and assumptions, e.g. the Kd concept, used in the safety assessment to calculate
the dispersion of radionuclides in the near field and the geosphere.
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Comments of the Reviewing Bodies

SU and Greenpeace emphasize that uncertainties and the handling of these uncertainties to
a large extent affect the results of a safety assessment. In their view, SKB must specify in
explicit terms its methodology for handling conceptual model uncertainties. In
Greenpeace's view, the classification into three safety levels (isolation, retardation and
favourable recipient conditions) is good. However, Greenpeace emphasizes that links
must be taken into consideration (multibarrier principle). SU believes that comprehensive
use of deterministic as well as probabilistic calculation methods should be made in future
safety assessments.

Furthermore, SU maintains that the degree of validation or confidence in different models
is a central question for long-term safety assessment where the predictions cannot be
verified against experimental data. Consequently, SU would like to see more work carried
out in the area of model validation and on comparisons between predictions and actual
outcomes. Greenpeace emphasizes that the validation process of pre-investigation
methods at Aspo has taken several years and is being carried out in the form of an iterative
process in several stages. Thus Greenpeace is of the opinion that SKB should specify the
criteria which are used to determine when the validation/knowledge is sufficient at the
different stages.

The Local Safety Committee at Oskarshamn nuclear power plant (LSNO), Oskarshamn
municipality and the Local Safety Committee at Studsvik's nuclear installations (LSNS)
would like SKB to clearly specify what is solid fact, expert opinion and best estimates in
the safety assessments. These reviewing bodies consider that value judgements can and
must be discussed during the Environmental Impact Assessment and with the general
public. NFR emphasizes that several independent approaches and methods should be
used during the safety assessments to study the sensitivity of the results for method
selection, treatment of uncertainties in input data etc.

SKI's Evaluation

In the chapter on methodology in SR 95 (Chapter 3), SKB presented a good, well-
structured review of different aspects to qualitative and quantitative uncertainties and of
how these can be handled in a safety assessment. It is positive that SKB in RD&D
Programme 95 discusses the need to test alternative models and methods in connection
with the interpretation of geological data and the description of the conditions at a
repository site.

SKI agrees with SKB's statement that several methods are currently available for the
evaluation of uncertainties. However, like the reviewing bodies, SKI wishes to strongly
emphasize that SKB needs to prepare a transparent strategy for how these methods must
be applied in an integrated safety assessment. The handling of uncertainties is an
integrated part of the entire safety assessment and includes everything from the analyses
of data, selection of conceptual models and calculational cases to the interpretation of
results. Furthermore, a systematic analysis of uncertainties is necessary to be able to trace
results and conclusions of the safety assessment to basic data and assumptions in the
analysis of the final disposal system and site. The evaluation of uncertainties is not just a
matter of carrying out a sensitivity analysis using selected models! In SKI's view,
participation in international work, e.g. within the NEA's International Performance
Assessment Group (IPAG), is an important part of the work on uncertainty handling.

RD&D Programme 95 contains a thorough review of the state of knowledge and
uncertainties with regard to individual process and models of importance for the long-term
safety of the repository. In the descriptive example provided in SR 95 (Chapter 6),
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uncertainties in the geoscientific site description are discussed in relation to site-specific
data from i.a. Aspo. SKI supports SKB's work within this area. However, SKI would
like to see a clearer link between the description of uncertainties in the site description and
the assessment of long-term safety. Judgements of whether the knowledge of processes is
adequate and of whether data and models are adequate must be viewed in relation to the
importance of the uncertainties for other parts of the safety assessment. The work that
SKB has started within the safety assessment project (Hedin, 1995) and within the Aspo
project (Birgersson et al., 1995 and Olsson, 1995) on describing uncertainties on the
basis of the needs of the safety assessment is a step in the right direction.

SKB's work on validating models for radionuclide transport within the Aspo project is of
a high class, also in an international perspective. SKI is also positive to SKB's work on
developing "validity documents" for different calculation models. However, from RD&D
Programme 95 and SR 95, it is difficult to obtain an idea of how SKB plans to report
validation-related issues. SKI would like to maintain that SKB should develop a clear
plan for the reporting of validation-related issues in safety assessments. This applies to
everything from basic data and assumptions in the description of a site to the conceptual
models which are used to calculate radionuclide release and transport in the near field and
the geosphere. SKI would like to re-iterate the views that SKI expressed on RD&D
Programme 92 Supplement, namely that validation does not only have to do with
verifying that the calculation models actually do calculate what we think they calculate.
The overall validation issue is whether selected conceptual models are relevant for the
needs of the safety assessment and how well the models describe the processes which are
to be modelled.

Model Development

In RD&D Programme 95, SKB gives an account of extensive model development within
the framework of safety assessment and work within the Aspo project. Detailed
descriptions of available models are given for particular subject areas, i.a. in the section
concerning the state of knowledge and supporting R&D. SR 95 contains a special chapter
on the models which are used to calculate radionuclide transport and illustrates the
application of different models in a safety assessment.

One of the aims of the model development work is to obtain a chain of calculation models
which is of practical use prior to the work on future safety assessments. The models in
the safety assessment include alternative conceptual models for the calculation of
groundwater flow, models for the dissolution of fuel and transport of radionuclides in the
near field and the geosphere. Work is in progress on the development of a menu-based
user interface (MONITOR 2000) for the computer code for coupled probabilistic
calculations (PROPER).

Comments of the Reviewing Bodies

Greenpeace notes with satisfaction that SKB is planning to evaluate alternative
interpretation models within the Aspo project and within other areas. However,
Greenpeace would like to see a clearer discussion of the role of different models in the
safety assessment, e.g. with regard to uncertainties and basic assumptions associated with
different models, remaining needs for development and how alternative models will be
used for different analyses. Furthermore in Greenpeace's view, SKB should evaluate
MONITOR 2000 before applying it to safety assessments.

SU states that much work has been done on testing different conceptualizations within the
area of hydrology. However, less work has been done within the modelling of radio-
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nuclide transport. In SU's opinion, the monitoring program, PROPER, which allows for
full use of the probabilistic method, is a powerful tool which should be used to a greater
extent than stated in RD&D Programme 95 and SR 95. Furthermore, experimental work
should be carried out to determine correlations between different parameters as well as to
incorporate these correlations into the deterministic and probabilistic models. Further-
more, in SU's view, more sophisticated temperature calculations on the basis of the
preliminary geometry and design of a full-scale repository should be carried out prior to
the next safety assessment.

The University of Lund would like to see an analysis of the groundwater turnover process
at great depths prior to the work on alternative repository sites. In KTH's view, SKB
does not have an overall approach to the coupling between models for groundwater,
radionuclide transport and rock mechanical modelling.

SKI's Evaluation

In SKI's view, SKB has access to a wide range of relevant models for different purposes
in a safety assessment. In previous RD&D Review Reports, SKI has emphasized the
importance of SKB distinguishing between basic conceptual assumptions and numerical
models/computer codes and, therefore, is very positive to the clear definition of
terminology and applications for different models in RD&D Programme 95 (Section
5.1.2) and SR 95 (Chapter 11).

The work on developing a new monitoring program (MONITOR 2000) to produce a
whole chain of different sub-models is praiseworthy. Used in the correct way, this is a
powerful tool. However, SKI cautions SKB against an excessively high degree of
automation of calculations which would entail the risk of bypassing the conceptual
uncertainties in the sub-models used. SKI agrees with SU that more work has to be done
to investigate the validity (or credibility) of the simplified models which are used to model
radionuclide transport in a safety assessment.

RD&D Programme 95 and SR 95 provide a good overview of the models which will be
used in a safety assessment. However, like Greenpeace and SU, SKI finds that SKB
must develop a strategy for how these models are to be applied. Important issues are the
use and evaluation of alternative conceptual models, the systematic transfer of data
between different models and calculations, the formulation of calculational cases and
traceability in the handling of uncertainties. SKI would also like to see a broader
discussion of the applicability of different conceptual models, e.g. of whether the site
investigations can provide sufficient input data for a certain model, and the way in which
the selected model influences the design of a site investigation programme.

It is satisfactory that SKB has developed a programme for the use of paleohydrological
data to improve the understanding of i.a. groundwater flows and geochemical conditions
on a regional perspective. However, SKI would like to repeat its previous criticism of
SKB's conclusion that the occurrence of "old" groundwater with a high salt content is a
clear indication of stagnant groundwater conditions. The coastal area around Aspo is, e.g.
a discharge area for deep groundwater which infiltrates into the central parts of the
Smaland highlands. On the basis of a simple rough estimate, it can be established that a
groundwater age of around one million years should actually be expected for the water
transported in the rock about 100 km from the Smaland highlands to the coast. This issue
is very important, as a matter of principle, since it influences the need to develop models
for groundwater transport and geochemical evolution on a regional scale in connection
with the evaluation of a repository site.
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Quality Assurance

In RD&D Programme 95, SKB states that work is in progress to develop quality control
procedures for future safety assessments. According to SKB, examples of important
issues include validation documents for models, version handling of computer models
and input data as well as documentation and traceability of calculations which have been
performed. Furthermore, SKB mentions that a new database (SICADA) and a computer-
based visualization tool are being developed. Work is also in progress to increase the
understanding of the representativity of various types of geological data.

SKI's Evaluation

The experience from SKI's own analyses of pre-investigation data from Aspo has shown
that there were deficiencies in the basic documentation of site investigation data. The
deficiencies apply to procedures for transferring field data to databases and the
documentation and traceability of measurements and interpretations of data. Thus, SKI is
positive to the development work which has been initiated by SKB. On the basis of the
account in SR 95, SKI would also like to remind SKB that the structure of the actual
assessment, e.g. the propagation of uncertainties, information transfer between different
analyses and the documentation of assumptions and simplifications are an important part
of the quality assurance of a safety assessment. In summary, SKI is of the opinion that
SKB should present a complete quality assurance system for safety assessments which
can be evaluated by the safety authorities and other parties concerned before the safety
assessment for the encapsulation plant is performed.

8 .2 .2 Template for Future Safety Reports (SR 95)

The main new feature in the reporting of safety assessments in RD&D Programme 95 is
that SKB has developed a template for future safety reports. The template is presented in a
separate report (SR 95) which contains a synopsis describing the general structure of a
safety assessment. SR 95 also contains a descriptive example of what information can be
provided in the different chapters on the basis of the current state of knowledge as well as
some illustrative calculations based on Aspo data. The purpose of the template is to
simplify the future preparation of safety reports and to facilitate the follow-up work on
how performance assessments and safety assessments are gradually supplemented and
developed in detail during different stages of work.

Comments of the Reviewing Bodies

SU considers that the SR 95 template is valuable and well-structured. In Greenpeace's
view, SR 95 is a new form of development work and must therefore be evaluated before
it is applied. LSNO and the municipality of Oskarshamn would like a clarification at an
early stage of the application of different site selection factors to future site-specific safety
assessments in different phases of the programme.

Several reviewing bodies believe that the absolute decisive factor for the resolution of the
deep disposal issue is whether or not it can be shown that a deep repository can be
assessed as safe and that this will place high demands on safety assessments prepared by
SKB. In the view of the reviewing bodies, it is entirely necessary for the safety
assessment to be presented so that it can be understood by the general public, participants
in the Environmental Impact Assessment and decision-makers.
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LSNO, the municipality of Oskarshamn and LSNS emphasize that SKB must clearly
specify what is solid fact, expert opinion and best estimates in the safety assessment.
These reviewing bodies maintain that SKB in RD&D Programme 95 does not describe
how it intends to handle various types of value judgements. In the view of the reviewing
bodies, these value judgements must be clearly described and must be a subject of
discussion in the Environmental Impact Assessment.

SKI's Evaluation

In SKI's view, SKB's template for safety reports (SR 95) is a logical and flexible
framework for the presentation of future safety assessments even if the structure needs to
be specified in greater detail in order to better establish how uncertainties will be handled
as well as goals and couplings between different analyses. However, SKI would like to
emphasize that authorities and experts are not the only users of the important information
provided in an overall safety assessment. The views of the reviewing bodies clearly show
that there is a need to prepare versions of the safety assessments which are easier to
understand. Additional requirements of this type may be made by e.g. municipalities and
other parties involved in the Environmental Impact Assessment. SKI assumes that SKB,
in good time prior to submitting an application for the construction of the encapsulation
plant, must conduct a dialogue with the authorities as well as other parties concerning the
structure of safety assessments in order to ensure that they will provide an adequate and
comprehensive basis for decision-making.

SKI is very positive to the fact that SKB places considerable emphasis on providing a
clear description of the purpose and premises of the safety assessment. SKI has observed
that the introductory chapters essentially describe the basic need for the necessary back-
ground information for a safety assessment, e.g. in terms of purpose and scope, a descrip-
tion of safety goals and criteria and their application as well as a method description.

In Chapter 3, SKB describes the methodology selected for safety assessment. This
description includes:

• requirements on the relevant safety-related information for the decision which is to
be made

• scope and delimitations and the effect of this on the safety assessment
• scenario methodology
• handling of uncertainties
• quality control procedures.

The next two main sections of SKB's template describe the repository system and the
development of the repository system over time. The description of the repository system
includes the spent nuclear fuel, the structure of the repository system, properties of the
repository site, the site-specific design and layout of the repository and the biosphere. In
the second section, models and analyses of the repository system and its future
development are presented. SKI would like to emphasize that the links between these two
main sections must be clarified. It must be possible to, e.g. derive the selection of con-
ceptual models and calculational cases which are presented in the sections dealing with
calculations from the description of the site and the repository system. The description of
the properties of the site (according to the intended presentation in Chapter 6) is e.g. a
first step in the development of conceptual models for the analysis of the development of
the repository system and radionuclide transport calculations. Furthermore, many of the
models (e.g. for calculating the groundwater flow) which are introduced in the analysis
section (Chapter 11) are tools which are also used to promote an understanding of the
properties of the site. Questions relating to model validation and the description of un-
certainties must be coupled to both sections.
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SKI supports the idea that the underlying data and a description of how the data have been
used (site-specific information as well as other relevant knowledge) should be presented
in a separate section. Since the underlying data will successively increase as the repository
system is developed and new measurements are carried out at a site, the underlying data
will vary for different safety assessments. In SKI's view, it is important that results and
uncertainties in each separate safety assessment should be viewed in relation to the
relevant knowledge base and available data.

8.3 Basis for Decision-making in connection
with Applications

In Chapter 10 of RD&D Programme 95, SKB specifies at what times during the licence
application and decision-making process it intends to prepare the basis for decision-
making. To summarize, safety assessments will be provided in connection with: an
application for the encapsulation plant (siting and construction), an application for the
deep repository (siting, construction, including certain construction work), an application
for initial operation - Stage 1 - (start of encapsulation, start of deposition), an application
for regular operation - Stage 2 - as well as decommissioning. In Chapter 10 of RD&D
Programme 95, SKB also specifies when during the licence application/decision-making
process it intends to prepare safety assessments and safety reports.

Figure 1 (see page 109) provides an overview of SKI's interpretation of important stages
in the decision-making process for the final disposal programme up to and including the
time that an application is submitted for a licence to initiate operation of a full-scale
repository. The time-schedule is approximate and is based on information presented by
SKB in RD&D Programme 95. The various licensing actions in accordance with the Act
on Nuclear Activities (KTL) and the Act concerning the Management of Natural
Resources etc. (NRL) which are specified for various licence applications in the figure
should be regarded as one possible alternative. The ultimate structure of the decision-
making process and the scope of different licences will be established by the Government.
The purpose of the figure is to provide a basis for discussing the requirements on safety
assessments below, as well as for showing the relationship between different application
and licensing stages. In addition to the information provided in Figure 1, there are other
requirements on reporting related to environmental impact assessments, licensing in
accordance with other legislation as well as recurrent evaluations of SKB's RD&D
programmes.

8 .3 .1 Safety Reporting in connection with an Application for a Licence
to Site and Construct the Encapsulation Plant

Purpose and Scope

In the government decision concerning SKB's RD&D Programme 92 Supplement, the
Government stated that SKB should carry out an integrated safety assessment of the entire
final disposal system (system analysis) before it submits an application for a licence to site
and construct the encapsulation plant. In RD&D Programme 95, SKB states that the
overall and in-depth assessment of the encapsulation plant will cover five separate safety
reports. (1) encapsulation plant, (2) transportation system, (3) long-term safety of the
deep repository, (4) zero alternative as well as (5) dry storage facility for possibly
retrieved spent nuclear fuel.

In SKI's view, the purpose of the application is, besides siting the encapsulation plant, to
evaluate the KBS-3 method and show that the canisters which fulfil the long-term
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performance requirements of the deep repository can be manufactured in a safe manner in
the encapsulation plant, as well as to show that it is reasonable that a suitable site can be
found for a repository based on the KBS-3 method.

Comments of the Reviewing Bodies

Several reviewing bodies emphasize the need to link the encapsulation plant, canister,
transportation and deep repository in an overall safety assessment. Important issues
discussed include, e.g.:

• the definition of overall system boundaries in time and space for the system
analysis

• the need for detailed reporting of alternatives, including the zero alternative
• reporting of how the transportation system, the encapsulation plant and

the repository affect and place restrictions on each other
• reporting of safety-related links between SFL-2 and SFL 3-5
• reporting of any safety-related stages in the disposal process which can go wrong,

both during the handling of the spent nuclear fuel and at the deep repository.

In the view of the National Housing Board, the proposed final disposal method should be
tested and evaluated before SKB can continue with the final disposal programme. In
KTH's view, preliminary safety assessments must be carried out already at the time when
possible deep repository sites are initially selected.

The Local Safety Committee at Oskarshamn nuclear power plant and the municipality of
Oskarshamn state that the municipality cannot make a decision regarding an application
for a licence to construct the encapsulation plant before an application has been submitted
for a licence to carry out detailed characterization of a deep repository site. The People's
Campaign against Nuclear Power-Nuclear Weapons share this opinion and maintain that
the design and planning of the encapsulation plant should be postponed until SKB has
been able to document mat it has identified a site which guarantees the safe final disposal
of the spent nuclear fuel.

The municipality of Oskarshamn and the Local Safety Committee at Studsvik's nuclear
installations state that SKB has divided up safety assessment into its different parts, i.e.
the encapsulation plant, transportation and deep repository, without describing how the
entire system is to be assessed in terms of safety and radiation protection. These
reviewing bodies are of the opinion that if an overall safety assessment is to be carried
out, the basis for the work must be clarified at an early stage. It is also important that the
authorities, at an early stage in the Environmental Impact Assessment, should clarify their
requirements on the system analysis as well as specify norms and criteria for the safety
assessment.

In the view of the Swedish Radiation Protection Institute (SSI), SKB should consider the
entire final disposal system, i.e. encapsulation, transportation to and inside the repository
and late effects of radiation as one unit from the standpoint of radiation protection, and
attempt to minimize the sum of all of the doses instead of optimizing separate sub-
systems.

SKl's Evaluation

Since the application for a licence to site and construct the encapsulation plant is a stage in
the evaluation of the entire final disposal system, SKI is of the opinion that SKB state its
intentions, in general terms, with regard to the siting and layout of the repository for long-
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lived low- and medium-level waste (SFL 3-5). This is particularly important from the
standpoint of acceptance in the Environmental Impact Assessment. SKB should also be
able to show that there is no safety-related link between the different repositories which
would affect the performance requirements on the canister.

SKI is positive to the fact that SKB has presented a concrete programme for safety
assessments prior to forthcoming licence applications. However, SKI shares the view of
the reviewing bodies that SKB must clarify its strategy for how the assessments of
different parts of the final disposal system are to be integrated. SKI is of the opinion that
the safety report prior to the application for a licence to site and construct the encapsu-
lation plant should be supplemented by an overall system report which will summarize, in
a manner that is easy to understand, the detailed safety assessments for the encapsulation
plant, transportation, deep repository and their inherent links as well as describe
alternatives including the zero alternative. SKI would also like to emphasize that the scope
and delimitations of the safety assessments need to be discussed with safety authorities
and with the participants in the Environmental Impact Assessment.

In SKI's view, the main emphasis of the application for permission to site and construct
the encapsulation plant must be on an overall system analysis in order to establish links
between the different parts of the final disposal system together with the description of the
operation of the encapsulation plant. The requirement on system analysis means that SKB
must show that the system solution is realistic, i.e. that SKB can manufacture canisters of
verifiable quality which fulfil the requirements on long-term safety and that it is possible
to identify sites which, together with these canisters, provide an adequate level of safety.

In addition to this information, there are a number of aspects which are strongly linked to
the safety assessment for the deep repository and which are of central importance for
SKB's continued programme, e.g. SKB is about to develop a programme for surface-
based site investigations. In SKI's view, the safety assessment for the deep repository
should be designed so that it can provide support and motivation for the site investigation
methodology that SKB plans to use in the site investigations. The overall aim is to ensure
that general safety requirements can be quantified with measurable site characteristics.
SKB must also specify and quantify the general site selection factors which have been
presented in the RD&D Programme 92 Supplement prior to the selection of two of the
feasibility study sites for surface-based site investigations. Finally, SKI considers that
SKB should demonstrate its safety assessment methodology. Several of the methods and
concepts, e.g. scenario and uncertainty handling methodology, described in RD&D
Programme 95 and SR 95, are still being developed and have not previously been applied
to a complete safety assessment.

Safety Report for the Encapsulation Plant

SKB states that, in structure, the safety assessment will be similar to the preliminary
safety analyses which were compiled prior to the construction of nuclear power plants and
CLAB. SKI has nothing to object to the idea of the preliminary safety analysis for CLAB
being the point of departure for the structuring of the safety assessment for the
encapsulation plant.

The additional information which will have to be provided in this particular safety
assessment is a description of the requirements made on the canister with regard to
radiation protection and safety (also long-term safety), the quality which can be achieved
in the encapsulation process, the evaluation that will be made to show that the require-
ments have been achieved as well as how any canisters with defects will be handled. This
means that SKB must show that canisters of the required and verifiable quality, according
to the design basis, can be manufactured and sealed in a series production process within
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the specified defect frequency. SKB must also describe any balancing of factors which
has been made between the safety and radiation protection requirements.

In SKI's opinion, the safety report for the encapsulation plant must describe:

• the plant, processes and quality assurance
• safety and radiation protection assessments for plant operation, including the

handling of canisters with defects
• the handling of issues relating to the non-proliferation of nuclear weapons.

The final point means that Euratom must be involved in the design of the encapsulation
plant at an early stage.

Furthermore, a separate safety report for the canister must be provided which includes:

• the derivation of the design basis for the canister (on the basis of safety-related and
radiation protection requirements on the canister in the deep repository as well as
safety-related and radiation protection requirements during handling and operation)

• a description of methods for the series production of canisters including
manufacturing, sealing and quality control.

Safety Report for the Deep Repository - Part of the Application for a
Licence to Site and Construct the Encapsulation Plant

In accordance with the government decision made after RD&D Programme 92
Supplement had been submitted, SKB intends to prepare a report for the long-term safety
of the deep repository. The report will be a part of the basis for the application for a
licence to site and construct the encapsulation plant. With the time-schedule for site
investigations which currently applies, it will not be possible to use data from candidate
sites. The assessment will be based on data which reflect typical conditions in Swedish
crystalline bedrock.

In the view of the People's Campaign Against Nuclear Power-Nuclear Weapons and the
municipality of Oskarshamn, such a safety assessment will not provide an adequate basis
for deciding whether or not to grant a licence to site and construct the encapsulation plant.

SKI is of the opinion that it is reasonable for the assessment of the long-term safety of the
repository which will be a part of an application for a licence to site and construct the
encapsulation plant should be based on existing data from SKB's investigation sites
(Aspo, Stripa and other previously studied sites). In the light of the requirements
described above and the combined requirements on safety assessments, SKI is of the
opinion that SKB should carry out a complete safety assessment based on data from a
specific site. The site should be selected so that its characteristics are representative of the
expected properties of an actual repository site.

SKI is of the opinion that SKB, on the basis of such a site-specific safety assessment
should:

• specify performance requirements for the canister (for the operating stage as well as
for the long-term safety)

• further specify the general siting factors which have been presented in the
Supplement to RD&D Programme 92 prior to selecting two sites for investigation

• derive the parameters which must be measured in a site investigation
• present a site investigation programme including relevant methods for measuring

these parameters.
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With regard to the function of the canister in the deep repository and the possibilities of
identifying a site which fulfils the requirements on long-term safety, it is also necessary
for SKB to emphasize the importance of variations between different sites. This can be
achieved through supplementary sensitivity analyses with regard to conceptual un-
certainties in different process models and the general knowledge of the variability of
chemical, hydrological and rock mechanical parameters in crystalline rock. SKB states
that the report will deal with the understanding of the long-term safety performance of the
canister during expected and reasonably assumed unfavourable conditions in the
repository. In SKI's view, this must not be limited to e.g. the canister defect scenario (as
it is outlined in SR 95), but must cover scenarios which essentially affect the canister and
its performance.

In the government decision concerning RD&D Programme 92 Supplement, the
requirement on system evaluation is linked to the application for the encapsulation plant
which, in accordance with SKB's time-schedule, will be submitted during 1997/1998.
However, SKI is of the opinion that a new safety assessment for the deep repository is
also necessary prior to the selection of two sites for site investigations and the start of the
surface-based site investigations, since the safety assessment will provide information for
the specification of site selection factors and will put requirements on the site investigation
programme. Bearing in mind the uncertainties in SKB's time-schedule, there is a risk that
the application for a licence to site and construct an encapsulation plant will only be
submitted after the site investigations have been started. Thus, SKI proposes that the
Government should adopt the requirement on a new safety assessment as a necessary
condition for starting site investigations, alternatively, as a reporting requirement in
connection with RD&D Programme 98.

Other Reports in connection with an Application for a Licence to Site and
Construct an Encapsulation Plant

In RD&D Programme 92, SKB states that the basis for an application for a licence to site
and construct an encapsulation plant will also include a description of the transportation
system, an evaluation of the zero alternative in accordance with the requirements on the
Environmental Impact Statement as well as a description of the dry storage facility for
possibly retrieved spent nuclear fuel.

It also follows from the increasing systems-based approach to the relationships between
the encapsulation plant and the deep repository that the transportation system should be
included in the assessment of the system as a whole. Like many reviewing bodies, SKI
considers these relationships to be important and has emphasized the need for a safety
assessment which covers the entire final disposal system (system analysis).

SKB's description of alternatives included different layouts for the tunnel systems and
deep boreholes for canister deposition. An additional method which is described in
RD&D Programme 95 is transmutation through which long-lived radionuclides are
converted into more stable or short-lived radionuclides through neutron irradiation. To a
certain extent, different variations of the KBS-3 method can also be regarded as
alternative solutions. SKI, like a few of the other reviewing bodies, including SSI, would
like to see the zero alternative better described than it has been so far. The zero alternative
describes what will happen if the planned programme cannot be implemented. In this
case, the spent nuclear fuel must be stored for a longer time in CLAB. A changeover to
dry storage may also be considered. In this context, the planned storage of spent nuclear
fuel in sealed canisters should also be studied.
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Thus, SKI considers that the system analysis must contain the following information:

• An overall evaluation of the entire system. SKI is of the opinion that the
Government's requirements on the system analysis means that an overall
description of the repository for long-lived low- and medium-level waste (SFL 3-5)
must be provided. Above all, SKB must show that siting SFL 3-5 near to the spent
fuel repository will not affect the performance requirements on the canister.

• A description of alternatives including a zero alternative (extended interim storage)
and the detailed design of the alternative for which the licence is being sought as
well as the retrieval and dry storage of the deposited fuel.

• A description of links and considerations between the different parts of the final
disposal system, focusing on the function of the canister as well as justifications of
the alternatives selected.

8.3.2 Safety Reporting in connection with an Application for a Licence to
Site and Construct the Deep Repository

Purpose and Scope

In its decision concerning SKB's RD&D Programme 92 Supplement, the Government
stated that the application for a licence to carry out detailed characterizations is the first
stage in the construction of a nuclear installation and, as a result, should be subjected to
licensing in accordance with the Act on Nuclear Activities. In RD&D Programme 95,
SKB interprets this to mean that the application will also concern permission to site and
start construction of a deep repository at the site.

According to RD&D Programme 95, the application concerns a licence under the Act on
Nuclear Activities and the Act concerning the Management of Natural Resources etc. to
site the deep repository and to carry out detailed geoscientific investigations in order to
confirm the suitability of the rock for the siting of a deep repository for long-lived radio-
active waste. At the time that the application is submitted, after surface-based investi-
gations have been carried out, SKB intends to present the following information: (1) a
safety assessment for the transportation of encapsulated fuel from the encapsulation plant
to the deep repository, (2) a safety assessment for the operation of the repository,
including possible retrieval of encapsulated fuel, (3) a comparison between the sites
investigated with regard to safety and feasibility of construction, as well as (4) a safety
assessment for the deep disposal of long-lived waste.

Comments of the Reviewing Bodies

The Local Safety Committees at Oskarshamn nuclear power plant and the municipality of
Oskarshamn, as well as the Local Safety Committee at Studsvik's nuclear installations
consider that it is unclear whether SKB intends to present site-specific safety assessments
for both sites. However, the Local Safety Committees and the municipality assume that
site investigations will be carried out at such a level that site-specific assessments can be
carried out and that these will be reported in an application for a licence prior to the
detailed characterization of a site.

The People's Campaign against Nuclear Power-Nuclear Waste is of the opinion that it
would be highly remarkable if a licence to carry out detailed investigations and to
construct a deep repository were granted at the same time, i.e. that a licence would be
granted to start construction of the deep repository before SKB had investigated one of
the basic premises (showing that the site is suitable) for the construction of the deep
repository. Greenpeace maintains that an evaluation is necessary between the detailed
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characterization and the start of repository construction, in order to avoid SKB investing
so much in the site that it will be difficult to terminate work. ABB Atom AB raises the
issue of how it is possible that a licence to start detailed characterization can be required
under the Act on Nuclear Activities and questions whether the interpretation of the
government decision is correct.

SKI's Evaluation

In its Review Report of RD&D Programme 92 Supplement, SKI considered that the
detailed characterization should be regarded as the start of work on a nuclear installation
since shafts and tunnels will be components of the deep repository if the detailed charac-
terization leads to the construction of a repository. Thus, the detailed characterization
should also be licensed under the Act on Nuclear Activities. SKI shares SKB's
interpretation of the government decision made on the basis of RD&D Programme 92
Supplement that a licence in accordance with the Act on Nuclear Activities is necessary
before the detailed characterization is started.

However, in SKI's view, the information from the detailed characterization should be
integrated into the safety assessment for the deep repository and be subjected to a new
review before the construction of the actual repository parts is pursued. However, SKI's
intention with this interim evaluation is not that it should be impossible for SKB to
excavate a small number of deposition tunnels and holes within the framework of the
detailed characterization, since this may provide valuable information for the site
characterization. In SKI's view, the requirement of an updated safety assessment prior to
the construction of the repository parts for Stage 1 (5-10% of the spent nuclear fuel)
should be formulated as a stipulation for a licence to start detailed characterizations.

SKI envisages decision-making in stages with licensing by the Government and the
authorities prior to the different stages of construction and commissioning of Stage 1 (see
Section 8.4.2).

SKI's views concerning an overall safety assessment also apply to the application for a
licence to site and construct the deep repository, i.e. that SKI is positive to SKB's
description of a concrete programme for how safety assessments are to be performed
before the forthcoming licence applications are submitted. However, like the reviewing
bodies, SKI is of the opinion that SKB must clarify its strategy for how the safety
assessment of sub-systems will be integrated into an assessment of the system as a
whole. In SKI's view, the safety assessment prior to the submission of an application for
a licence to site and construct the deep repository should be supplemented by an overall
system analysis which, in an easily accessible manner summarizes the detailed safety
assessments for operation, transportation, long-term safety of the deep repository and the
comparison between the two sites as well as the inherent links between the different
assessments. SKI would also like to emphasize that the scope and delimitations of the
safety assessments must be discussed with safety authorities and with the participants in
the Environmental Impact Assessment.

Reporting on the Long-Term Safety of the Deep Repository and the
Comparison between the Investigated Sites

SKB intends to present a site-specific safety assessment for a deep repository to be
located at the one candidate site (of two) which is selected for detailed characterizations.
The comparison between the two candidate sites will be described in a separate report.
The level of the assessment will be equal for both candidate sites in terms of geological
structural model, modelling of groundwater movements and identification of areas where
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deep groundwater reaches the biosphere. SKB states that an important part of the
comparison between the two sites will be the potential of the sites to provide a safe final
disposal of the spent nuclear fuel taking into account the remaining uncertainties.

As reported above, the Local Safety Committee at Oskarshamn nuclear power plant and
the municipality of Oskarshamn as well as the Local Safety Committee at Studsvik's
nuclear installations maintain that it is unclear whether SKB intends to present site-
specific safety assessments for both sites.

SKI agrees with the reviewing bodies that the scope of the assessments for the two sites
is unclear. For example, it is not clear whether radionuclide transport will be analyzed for
both sites. In SKI's view, in order to be able to compare the suitability of the sites, the
assessments of both sites must contain the entire chain of analyses included in an
integrated safety assessment. This means that the analysis of radionuclide transport must
be included. Since some of the premises for the integrated safety assessments are equal
(e.g. fuel, canister, parts of the scenario work) for both sites, much of the information
applies equally to both sites and can be prepared at the same time. Similarly, sensitivity
analyses and knowledge of the parameter values may mean that some calculations of the
radionuclide transport can be used for both sites.

Furthermore, SKI is of the opinion that geoscientific site investigations at the two
candidate sites should be equivalent and sufficiently comprehensive so as to provide a
basis for the assessment of the safety of a full-scale repository. SKI considers that this is
a prerequisite for a meaningful comparison between the potential of the different candidate
sites for safe final disposal.

In addition, SKI believes that the specifications in the preliminary safety report for the
encapsulation plant are a natural point of departure for acquiring canister data for the
assessment of the long-term safety of the repository. However, the experience from
further research and development on the canister and the encapsulation process must be
integrated into the assessment of the deep repository which will be submitted in
connection with the application for licences to site and construct the deep repository.

In RD&D Programme 95, SKB states that with an adequate and essentially equivalent
safety potential at both sites, other siting factors will be taken into consideration, along
with the safety-related factors. SKI would like to emphasize that the motive for selecting a
prioritized site must be clearly reported, both in terms of safety-related aspects as well as
with regard to other siting factors.

Other Reports in connection with an Application for Licences to Site and
Construct a Deep Repository

In RD&D Programme 95, SKB states that the information to be submitted in connection
with an application for licences to site and construct the deep repository will also include
an assessment of the transportation system and a safety report for the operation of the
deep repository.

In the same way as for an application for licences to site and construct the encapsulation
plant, an increasing systems-based approach to the relationships between the encapsu-
lation plant and the deep repository means that the transportation system must be included
in the assessment of the system as a whole. SKI, like many other reviewing bodies,
considers these relationships to be important and has emphasized the need for a system
analysis.
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In RD&D Programme 95, under the heading "Safety Report for Operation of the Deep
Repository", SKB states that the assessments of the long-term safety of the deep
repository may mean specifying requirements on methods to construct the repository or to
manufacture barrier components. SKI would like to emphasize that the assessments of the
long-term safety of the deep repository not only can, but must be used in the preparation
of requirements on the methods of repository construction and manufacturing of barrier
components. This is a typical example of links which must be dealt with in the system
analysis.

The overall assessment of the deep repository should be provided in a separate system
report which examines issues relating to safety and radiation protection for the different
parts of the final disposal system. The system report must be based on detailed safety
assessments for the encapsulation plant, a comparison between the sites, the long-term
safety of the deep repository, the transportation system, the repository for long-lived
medium-level waste, radiation protection-related issues, alternatives, safety during
operation and control of fissile material.

8.3.3 Safety Reporting in connection with Applications for Licences for
Operation - Stage 1

SKB plans to submit the following documents in connection with applications for a
licence to encapsulate fuel and a licence to operate Stage 1 of the deep repository:

• A safety report for operation of the encapsulation plant
• A safety report for shipments of encapsulated nuclear fuel
• A safety report for operation of stage 1 of the deep repository
• A safety report for the deep repository after closure, Stage 3

SKB states that the number of canisters to be deposited in Stage 1 will correspond to 5-10
% of the final quantity of fuel.

At a later stage, SKI will stipulate conditions and requirements on information to be
submitted with the application to operate Stage 1 of the repository (licensing under the Act
on Nuclear Activities). An important requirement is, e.g. that SKB, on the basis of the
test operation of the encapsulation plant should show that canisters of a verifiable quality
which fulfil requirements on long-term safety can be manufactured. Another question is
how much of the repository parts for Stage 1 must be completed before an application for
operation can be submitted.

From RD&D Programme 95, it is not clear how SKB intends to co-ordinate the
application for a licence to operate Stage 1 of the deep repository with the application for a
licence for active test operation of the encapsulation plant. SKI is of the opinion that the
deep repository should be approved by the authorities before SKB starts to seal the
canisters containing spent nuclear fuel. Thus, in SKI's view, the licensing of these
applications under the Act on Nuclear Activities must be co-ordinated.

8.3.4 Other Licence Applications

In SKI's view, applications for licences for the expansion and operation of a full-scale
repository (not including closure) require new licensing actions by the Government in
accordance with the Act on Nuclear Activities. Before submitting an application, SKB
must evaluate the operation of Stage 1 (5-10% of the spent nuclear fuel).
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Greenpeace maintains that the evaluation of the operation of Stage 1 will be difficult due
to the disturbances which will be caused by the successive expansion of the repository
during this time.

SKI assumes that the expansion to a full-scale repository will be subjected to a stage-by-
stage evaluation by the authorities: further detailed characterizations, extension of reposi-
tory parts and commissioning. At this stage it is difficult to predict the exact form of these
evaluations since SKB has not yet presented detailed plans for the expansion to a full-
scale repository. As with the principles which were applied in the case of the licence for
SFR, SKI believes that the closure of the deep repository should be subject to licensing at
a later stage by the Government in accordance with the Act on Nuclear Activities.

8.4 Summary of Evaluation

In SKI's view, SKB's programme for integrated safety assessment for the disposal
system has the prerequisites to provide the necessary basis for decision-making in
connection with the planned licence applications. However, strategic issues exist con-
cerning the content of the programme and the decision-making process which SKI would
like to stress. In several cases, these issues must be clarified by the Government. SKI
also emphasizes that the detailed structure of the safety reporting must be discussed with
the safety authorities and with the partners involved in the EIA. Furthermore, SKI is also
of the opinion that, prior to submitting an application for a licence to construct the
encapsulation plant and also prior to the subsequent licensing of the deep repository, SKB
should prepare a separate system report which provides an overall summary of the
detailed safety assessments and their inherent links.

The following summary firstly presents the technical views on issues relating to
methodology for safety assessments (Section 8.4.1) and then issues relating to the basis
for decision-making and the decision-making process.

8.4.1 SKI's Evaluation of Issues Relating to Methodology

In SKI's view, SKB's development of methods for safety assessment is of a high class.
Compared with RD&D Programme 92, considerable progress has been made in several
areas, including scenario methodology and the structure of safety assessments. In SKI's
view, SKB's model for safety assessments (SR 95) is an adequate and flexible
framework for future safety assessments. However, SKI is of the opinion that parts of
the methodology reported has to be further developed and specified in concrete terms.

SKB has started its work on classifying and describing uncertainties linked to the
geoscientific description of a site. However, SKI emphasizes that SKB must also develop
methods for the systematic propagation and evaluation of uncertainties as well as prepare
a plan for the description of issues relating to validation in safety assessments.

In SKI's view, SKB has access to relevant models. However, SKI wishes to emphasize
that SKB should develop a strategy for the application of these models, including the use
and evaluation of alternative conceptual models, maintaining a systematic transfer of data
between different models and calculations, the formulation of calculation cases and issues
relating to validation.

SKI considers SKB's programme for the development of the quality assurance of safety
assessments, which includes the preparation of a model for safety assessments, to be
appropriate. SKI assumes that SKB will present a quality assurance plan in good time
prior to the next complete safety assessment.
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SKB states that the purpose of SR 95 has been to prepare a model for the presentation of
safety assessments. However, SKI emphasizes that the overall objective of the work that
SKB has now started is also to develop a strategy and methodology for the
implementation of complete safety assessments. In SKI's own experience, the step from
theory to practical application in a complete safety assessment requires time-consuming
development work. SKI is aware that the development of safety assessment methodology
is an ongoing task. However, SKI emphasizes that the next complete safety assessment,
will be an important stage of reconciliation with regard to applying and evaluating the
components and methods which are included in a complete safety assessment. This will
be the case, regardless of whether the next complete safety assessment is a part of the
application for a licence to construct the encapsulation plant or whether it is otherwise
required.

8.4.2 SKI's Proposed Guidelines for a Basis for Decision-making
in Connection with Applications

Applications for a Licence to Site and Construct the Encapsulation Plant

An application for a licence to site and construct the encapsulation plant must be subjected
to a co-ordinated evaluation under the Act on Nuclear Activities and the Act concerning
the Management of Natural Resources etc. as well as other legislation. In accordance with
the government decision concerning RD&D Supplement 92, SKB must also show that the
proposed disposal system is realistic. The Act concerning the Management of Natural
Resources etc. and the Ordinance concerning the Management of Natural Resources etc.
contain requirements on a comprehensive environmental impact statement (EIS). The
Government must make the decision to grant the siting licence.

Before active test operation can be started, a new evaluation by the regulatory authorities
and licensing in accordance with the Act on Nuclear Activities must be carried out. SKI is
of the opinion that the deep repository should be approved by the authorities before SKB
starts to seal the canisters containing spent nuclear fuel. Thus, in SKI's view, the
licensing for active test operation should be co-ordinated with licensing under the Act on
Nuclear Activities for the operation of Stage 1 of the deep repository (i.e. the deposition
of 5-10% of the spent nuclear fuel). The Government should establish whether a govern-
ment decision is necessary or whether the permission of the authorities is sufficient.

In SKI's view, the application for a licence for further operation of the encapsulation
facility for a full-scale repository should be subjected to a new examination and evaluation
by the authorities in connection with the submission of an application to extend and
operate a full-scale repository. SKI assumes that the Government will make a decision
concerning the application for a licence to extend and operate a full-scale repository.

Reporting in Connection with an Application for a Licence to Site and
Construct the Encapsulation Plant

In SKI's view, the emphasis in an application for a licence to site and construct the
encapsulation plant should be on an integrated safety assessment, a system analysis, in
order to investigate the links between different parts of the final disposal system together
with the description of the operation of the encapsulation plant. SKI proposes that the
following requirements should be made with regard to reporting prior to the submission
of an application for a licence to site and construct the encapsulation plant.
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The safety report for the encapsulation plant must describe:

• the plant, the processes and quality assurance
• safety and radiation protection assessments for the operation of the plant including

the handling of canisters with defects
• the handling of issues relating to the non-proliferation of nuclear weapons.

A separate assessment of the canister must be provided. The report must include the
following information:

• a specification of the design basis for the canisters (derived from safety and
radiation protection requirements on the function of the canister in the deep
repository as well as from safety and radiation protection requirements in
connection with the handling of the canisters and operation).

• descriptions of the method for the series production of canisters including
manufacturing, sealing and quality control.

The safety report for the deep repository must:

• be a complete safety assessment based on data from an actual site (reference site)
as well as contain sensitivity analyses in order to account for variations between
sites
include the operating stage
specify canister performance requirements
provide a basis for further specification of site selection factors
provide a basis for specifying requirements on the site investigation programme
demonstrate the possibility of identifying a site which fulfils the safety
requirements.

Besides providing information for the system analysis in connection with the application
for a licence to site and construct the encapsulation plant, SKI believes that a complete,
site-specific safety assessment is necessary in preparation for the coming stages of the
siting of the deep repository, i.e. the selection of two sites and the carrying out of surface-
based site investigations (see below the heading "SKI's Proposed Requirements for a
Complete Safety Assessment")- With SKB's current time-schedule the application for a
licence to construct the encapsulation plant largely coincides with the starting of the site
investigations.

The transportation system must be described.

The system analysis must contain the following information:

• An overall evaluation of the entire system. SKI is of the opinion that the
Government's requirements on system analysis means that an overall description of
the repository for long-lived low- and medium-level waste (SFL 3-5) must be
provided. Above all, SKB must show that siting SFL 3-5 near to the spent fuel
repository will not affect the performance requirements on the canister.

• A description of alternatives including a zero alternative (extended interim storage)
and the detailed design of the alternative for which the licence is being sought as
well as the retrieval and dry storage of the deposited fuel.

• A description of links and considerations between the different parts of the final
disposal system, focusing on the function of the canister as well as justifications of
the alternatives selected.
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SKI's Proposed Requirements on a Complete Safety Assessment

SKI is of the opinion that it is reasonable that the safety assessment for the deep
repository which is included in the application for a licence to construct the encapsulation
plant should be based on existing data from the sites investigated by SKB (Aspo, Stripa
and other sites previously studied). Bearing in mind the Government's requirements on
system evaluation and future commitments in connection with the construction of the
encapsulation plant and the selection of two sites for surface-based site investigations,
SKI is of the opinion that SKB should carry out a complete safety assessment based on
data from a specific site. The site should be selected so that its characteristics are within
the range of the expected properties of an actual repository site.

SKI is of the opinion that SKB, on the basis of such a site-specific safety assessment
must:

• further specify performance requirements for the canister (for the operating stage as
well as for the long-term safety)

• specify the general siting factors which have been presented in the Supplement to
RD&D Programme 92 prior to selecting two sites for site investigation

• derive the parameters which must be measured in a site investigation
• present a site investigation programme including relevant methods for measuring

these parameters.

In addition to the above, SKB must carry out supplementary sensitivity analyses based on
data from previous study sites as well as Stripa and Aspo in order to establish variations
between sites and their significance for the performance requirements on the canister and
the possibility of identifying a site which fulfils the safety requirements.

In summary, SKI is of the opinion that it is very important that SKB should, at this time,
demonstrate its methodology for carrying out a safety assessment. It is 13 years since
SKB last carried out a complete safety assessment and SKB also needs to determine what
has to be measured at a site and the way in which this will be done. Furthermore, much of
the methodology for safety assessments which is reported in RD&D Programme 95 is
currently being developed, e.g. scenario methodology and uncertainty management
methodology.

In the government decision of May 1995, concerning the Supplement to RD&D
Programme 92, the requirement on system evaluation is linked to the application for the
encapsulation plant which, in accordance with SKB's time-schedule, will be submitted
during 1997/1998. However, SKI is of the opinion that a new safety assessment for the
deep repository is also necessary prior to the identification of two sites for site
investigations and the performance of the surface-based site investigations since the safety
assessment will provide information for the specification of site selection factors and will
make requirements on the site investigation programme. Bearing in mind the uncertainties
in SKB's time-schedule, there is a risk that the application for a licence to site and
construct an encapsulation plant will only be submitted after the site investigations have
been started. Thus, SKI proposes that the Government should adopt the requirement on a
new safety assessment as a necessary condition for starting site investigations,
alternatively, as a reporting requirement in connection with RD&D Programme 98.

The Municipality of Oskarshamn has stated that it is not prepared to make a decision on an
application for a licence to site and construct the encapsulation plant before a licence
application has been submitted for the detailed characterization of a site for the deep
repository. In this way, there would be a clear indication that it would be possible to find
a suitable deep repository site and that it would be possible to deposit canisters from the
encapsulation plant. The Government should establish whether SKB's approach to
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compiling a safety assessment based on data from a reference site is reasonable or
whether it should be required that data should be used from the prioritized site (for the
deep repository) as a basis for submitting an application for a licence to site and construct
the encapsulation plant.

Application for a Licence to Site and Construct the Deep Repository and
Decision-Making in Stages

In SKI's view, an overall evaluation must be carried out in accordance with the Act
concerning the Management of Natural Resources etc. and the Act on Nuclear Activities
as well as other legislation. An evaluation in accordance with the Act concerning the
Management of Natural Resources etc. will cover the siting of the deep repository
(selection of one site on the basis of two investigation sites) and must therefore address
the impact of the entire disposal system (full-scale repository).

The first stage in SKB's application in accordance with the Act on Nuclear Activities
should cover a licence to carry out detailed characterizations (from shafts and investigation
tunnels) as well as the construction and operation of Stage 1 for 5-10% of the spent
nuclear fuel. SKI envisages decision-making in stages with evaluations by the
Government and the authorities prior to the different stages of construction and
commissioning of Stage 1.

• Proposed Conditions for a Licence to Conduct Detailed Characterizations

The first stage in the decision-making process for the deep repository covers the licence to
conduct detailed characterizations at a particular site. The application must be evaluated in
accordance with the Act on Nuclear Activities, the Act concerning the Management of
Natural Resources etc. and other legislation. The decision will be made by the Govern-
ment. The licence in accordance with the Act on Nuclear Activities means that SKB can
construct the shafts and investigation tunnels which are required for the detailed charac-
terization of the rock volume which is to host Stage 1 of the repository. In SKI's view, it
is reasonable that the municipal veto should apply without any restrictions in connection
with this licensing action.

• SKI's Proposed Conditions for a Licence to Construct Stage I of the Repository

SKI is of the opinion that a new evaluation in accordance with the Act on Nuclear
Activities should be carried out prior to the construction of the repository components
required for Stage 1. An up-to-date safety assessment, based on the data from the detailed
characterization, must be prepared. The Government should establish whether a
government decision is necessary or whether the decision of the authorities is sufficient.

• SKI's Proposed Conditions for a Licence to Operate Stage 1

Prior to the commissioning of Stage 1, in SKI's view, an additional evaluation in
accordance with the Act on Nuclear Activities must be made. This evaluation should be
co-ordinated with licensing for active test operation of the encapsulation plant. SKB must
show, e.g. that canisters with a verifiable quality which fulfils long-term safety require-
ments can be manufactured. The Government should establish whether a government
decision is necessary or whether the decision of the authorities is sufficient.
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• Application for a Licence to Construct and Operate a Full-scale Repository

The next application relates to the construction and operation of a full-scale repository
(excluding the closure of the repository) and in SKI's view requires a new licensing
action by the Government in accordance with the Act on Nuclear Activities. Before
submitting this application, SKB must evaluate the operation of Stage 1 (5-10% of the
spent nuclear fuel). SKI assumes that the extension of the installation to a full-scale
repository will be evaluated by the authorities at several stages: additional detailed
characterizations, the construction of repository components and commissioning. At this
stage, it is difficult to predict the exact form of these evaluations since SKB has not yet
presented detailed plans for the construction of the full-scale repository.

As was the case with the principles upon which the licence to construct SFR was based,
the question of the closure of the repository should be decided at a later stage by the
Government, in accordance with the Act on Nuclear Activities.

Reporting in Connection with an Application for a Licence to Conduct
Detailed Characterizations

An overall description of the entire final disposal system is required to be submitted in the
application in accordance with the Act concerning the Management of Natural Resources
etc. for a licence to site a deep repository. The requirement on alternatives under the Act
concerning the Management of Natural Resources etc. means, according to SKI, that
SKB must carry out equivalent geoscientific site investigations at two sites. The site
investigations must be sufficiently comprehensive to provide a basis for the evaluation of
the safety of a full-scale repository. Furthermore, a complete safety assessment is
required for both sites in order to motivate the selection of a particular site for detailed
characterization from shafts and investigation tunnels.. However, it is quite possible that
certain parts of the safety assessment will be common to both sites. The important factor
is that the two assessments should be of equivalent value.

The requirements on reporting for an evaluation in accordance with the Act on Nuclear
Activities in connection with the submission of an application for a licence to conduct
detailed investigations includes a detailed safety and radiation protection assessment for
the construction and operation of the first stage of the deep repository.
The overall assessment of the deep repository should be provided in a separate system
report which examines issues relating to safety and radiation protection for the different
parts of the final disposal system. The system report must be based on detailed safety
assessments for the encapsulation plant, a comparison between the sites, the long-term
safety of the deep repository, the transportation system, the repository for long-lived
medium-level waste, radiation protection-related issues, alternatives, safety during
operation and control of fissile material.
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Time schedule according to SKB's plans (may be modified)
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According to a Government decision from May 1995 a system evaluation, where the "KBS-3" method
will be evaluated and compared to the Zero Alternative and other alternatives, should be submitted in
connection with the application for a permit to construct the encapsulation plant. In the event of
possible delays of SKB's programme for the encapsulation plant, the system evaluation should be
coordinated with the application for a permit to construct a deep repository'. The system evaluation will
be crucial for the continuation of SKB's waste disposal programme.

Figure 1. Schematic illustration of the decision-making process related to SKB's programme for the encapsulation plant and the deep repository for spent
nuclear fuel. NRL = the Act Concerning Management of Natural Resources, KTL = the Act on Nuclear Activities, Auth./Gov. = permission by
authorities or government decision.



9 Decommissioning and Dismantling
of Nuclear Installations

9.1 General

SKB states that the experience of the decommissioning and dismantling of nuclear
installations which exists in Sweden and abroad is limited. However, the decommis-
sioning and dismantling work which has been carried out shows, in SKB's view, that
methods are already available today. In a study, the OECD/NEA has stated that the next
step is to develop these methods. The greatest obstacle to dismantling seems to be that re-
positories do not yet exist in countries which have installations which could be dis-
mantled. SKB has a good insight into the work that is being carried out abroad.

SKB is planning to decommission and dismantle the nuclear installations in several
stages:

• In Stage 1, the fuel and effluent will be removed from the installation. This process
will be monitored.

• In Stage 2, most of the components which contain radioactive substances will be
concentrated to a limited volume which will be monitored.

• In Stage 3, the radioactive waste will be removed and the site will be restored.

The approach to be adopted has been described in SKB's report 'Technology and Cost of
Dismantling Swedish Nuclear Power Plants." SKI has commissioned NAC International,
an international consulting firm, to evaluate SKB's study. In its evaluation, NAC makes
comparisons with other dismantling studies. Certain differences in the cost estimates,
especially with regard to salary costs, were observed. SKI is continuing to follow SKB's
work within this area.

SKB plans to continue its studies of dismantling-related issues and is also following de-
velopments abroad. In particular, an ongoing study within the OECD/NEA has provided
valuable experience. However, in SKB's view, no area has been identified where pure
basic research is necessary. Certain projects which are of interest for dismantling are also
being carried out within the framework of the EU's research programme. Work is being
carried out within the IAEA to compile the available data and prepare guidelines and
recommendations for decommissioning.

SKB intends to pursue work within the area of dismantling. The first installation will only
be dismantled after the year 2010. A few years before this time, SKB intends to plan the
work in detail, in the form of a project. SKB has identified certain issues where work
must be done, including the issue of the possibility of handling and disposing of an entire
reactor pressure vessel and methods for cutting up the reactor internals. The repository for
decommissioning waste must be ready prior to the dismantling of the nuclear power
plants. Work on constructing this repository will be started some time after the turn of the
century.

9.2 Comments of the Reviewing Bodies

Only SSI has commented on the work on decommissioning. In SSI's view, SKB's
description of dismantling-related issues is inadequate and SKB should present a supple-
mentary report where the entire decommissioning problem is discussed.
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9.3 SKI's Evaluation

On the whole, SKI agrees with SKB's statements. There is no need for basic develop-
ment and research. However, a number of issues must be studied. SKI supports SSI's
proposal that SKB should supplement its report so that a more complete description is
provided where different aspects of the decommissioning issues are discussed.

SKI and SSI are preparing to issue regulations for decommissioning. These regulations
will deal with issues relating to waste classification, measurements and the documentation
of the decommissioning waste.
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10 Programme Implementation, Time-schedule
and Costs

10.1 General

SKB maintains that it has adapted its organization for the implementation of the
programme. There is a need for external work and international co-operation. SKB states
that the uncertainties in the implementation of the programme mainly concern the site
selection process and are of a political and societal nature. Another aspect is that certain
R&D results must be available in connection with the site investigations and for the
planning of facilities.

Above all, the deep repository siting process will take considerable time. The issue is
controversial and there is a considerable risk that delays will arise. According to RD&D
Programme 95, SKB plans to start the site investigations at the end of 1996. However,
SKB states that if the feasibility studies are delayed, this may result in the delay of the site
investigations. The licensing by the authorities will also take time. Licensing for the
detailed characterizations must be carried out in accordance with both the Act concerning
the Management of Natural Resources etc. and the Act on Nuclear Activities.

SKI agrees that the time-schedule is very vulnerable with regard to various issues,
especially societal and political issues. Difficulties regarding technical issues concerning
canister manufacturing methods etc. may entail delays. The link between the encapsu-
lation plant and the deep repository (system analysis) may also lead to delays in the
programme.

SKB maintains that once the Government and municipality have approved the siting of the
deep repository, the time-schedule will be primarily controlled by technical factors.

The costs of the programme specified by SKB agree with what SKB has reported in the
PLAN reports which are the basis for determining the size of the fee to be paid into the
nuclear waste fund. The deviations in cost which are described can be explained by
changes in work- and time-schedules.

With the government decision of 18 May 1995 and through the amendment of the Act on
the Financing of Future Expenses for Spent Nuclear Fuel etc., which took effect as of
year-end 1995, municipalities where feasibility studies are to be carried out can obtain
funds from the nuclear waste fund. The funds concern "the costs which the licensees, the
state and the municipalities have for providing information to the public on issues relating
to the handling and final disposal of spent nuclear fuel and nuclear waste." The
amendment of the Act has also meant that SKI and SSI, in a joint application to the
Government, have applied for resources from the fund for a three-year information
project which aims at supporting these municipalities undergoing feasibility studies. The
county administrative boards in the counties where feasibility studies are being carried out
have explained that they intend to apply for funding. In SKI's view, this is reasonable
bearing in mind the county administrative board's role as the regional co-ordinators of the
EIA.

10.2 SKI's Evaluation
In SKI's view, SKB will have great difficulty in following the time-schedule that it has
set up. Many different issues of a technical, societal and political nature can result in
delays in the time-schedule. In SKI's view, the time-schedule must not be allowed to
dictate the work in the final disposal programme. It is important that the process of
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development and decision-making in stages should be based on knowledge and quality,
and not primarily on the condition of sticking to the time-schedule. This means that delays
in the implementation of the programme under certain circumstances must not only be
accepted; they may be necessary to reach the established target - a safe final disposal
system which is accepted by the parties concerned.

From the standpoint of cost, SKB's programme seems to be in agreement with the reports
that SKB has submitted as a basis for decision-making concerning the size of the nuclear
waste fund fee.
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Furthermore, a comment on SKB's programme has been given by Otto Brotzen
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