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1. Introduction
The Swedish Nuclear Power Inspectorate (SKI) is responsible for the reviewing and
evaluating the safety of planned and existing facilities where radioactive waste is to be
stored or is being stored.

The Swedish Nuclear Fuel and Waste Management Co (SKB) has performed a safety
assessment called SR 97 to determine the requirements on the bedrock that will host a
deep repository for spent nuclear fuel as well as to investigate how repository
performance can change with time.

This report focuses on how geological and tectonic conditions are dealt with in SR 97:

• how they are described,
• how they are used as input data in the safety assessment

Three different sites/bedrock environments are studied in SR 97 and these are called
Aberg, Beberg and Ceberg.

A short review of SR 97 is presented here. Each section starts with a presentation of the
subject. This is followed by a brief discussion containing comments and issues
addressed to SKB.

Detailed comments dealing with specific questions are presented in the appendix.

2. What Is Safety Assessment?
SKB's definition of the term "safety principles for a deep repository" is presented in the
third chapter of the main report. Repository safety is primarily based on isolation of the
waste. A secondary purpose is to retard the transport of radionuclides from the
repository to the biosphere and a third safety function is dilution and dispersion. Factors
affecting these functions are the conditions existing at the repository site ("when it has
just been built and closed") as well as future changes. The future evolution is a complex
and interrelated function of various parameters.

The purposes of SR 97 are (SKB 1999a: Section 1.2 Purposes) to:

1. "Serve as a basis for demonstrating the feasibility of finding a site in Swedish
bedrock where the KBS-3 method for deep disposal of spent nuclear fuel meets the
requirements on long-term safety and radiation protection that are defined in SSI's
and SKI's regulations".

2. "Demonstrate methodology for safety assessment".
3. "Serve as a basis for specifying the factors that serve as a basis for the selection of

areas for site investigations and deriving which parameters need to be determined
and which other requirements ought to be made on a site investigation".

4. "Serve as a basis for deriving preliminary functional requirements on the canister
and the other barriers".



3. Issues concerning Bedrock Geology

3.1 Selection of Sites and Use of Geological Terms

The three sites studied are referred to as Aberg, Beberg and Ceberg and correspond to
following actual sites: Aspo, Finnsjon and Gidea respectively. "These have been
selected as calculations examples to reflect different conditions in Swedish granitic
bedrock..." (A page 18) and because "The sites represent three areas in stable
geological settings" (A page 93).

The three sites have in common the fact that they are situated along the eastern coast of
Sweden. The sites are at a distance of about 340-350 km from each other. Aspo, located
225 km SSW of Stockholm, is the site of SKB's Hard Rock Laboratory and detailed
investigations have been in progress there since 1987. Finnsjon, located 115 km north of
Stockholm, was included in the KBS study site programme (1977-83) and was
subsequently the site (only the northern part) for the characterization of a horizontal
fracture zone (1985-92). Gidea, 465 km north of Stockholm was a study site in the
KBS-3 investigations (1981-83) and, subsequently, a few limited borehole studies were
conducted at this site.

The dominant rock type of the different sites varies from foliated granodiorite at Aberg,
gneissic granodiorite in Beberg to veined gneiss (sediment gneiss) at Ceberg. None of
the sites are dominated by granite (in the strictly petrographical sense). All of the sites
have a regional foliation, although this is either more strongly or less strongly
developed, and they are located in three different geological terrains with different
geological histories.

What is described as stable background is more a question of judgement than the
classification of rock types. Sweden is situated within the Fennoscandian Shield (often
called the Baltic Shield). A shield is an area within a craton where the crystalline
basement is exposed, in other words, the bedrock is outcropping. Cratons are
continental parts of the earth's crust that, over an extended geological period, have only
slightly been affected by deformation, that is, they have not become fragmented. In a
geological sense, such an area is stable. This does not mean that small-scale movements
in the bedrock do not occur. "Small-scale" movements relieve the tectonic stresses that
the shield is constantly subjected to. These movements can occur abruptly, leading to
earthquakes or can occur without earthquakes by creep. Creep takes up most of the
crustal deformation, even within the crystalline basement shields. Neotectonic
movements are young movements of this type (younger than five million years old,
although in Sweden, what is meant are movements that have occurred in connection
with the last deglaciation or after). Knowledge of the magnitude and character of the
deformation of shield areas will be considerably improved through ongoing precision
GPS measurements and detailed seismic studies.

Instead of characterizing the bedrock in relation to dominant bedrock types as SKB has
done, it should be related to the geological evolution of the site (the accumulated effect
by superimposed processes have resulted in the present-day bedrock). The
characteristics of an unfoliated granite are different in a rheological sense from a gneiss
of similar chemical composition. Another example is that SKB uses the geological



meaning of the concept, such as stable area (taken from the geological definition of
craton and crystalline basement shield, see above), without explaining the meaning of
the transferred concept. This could be controversial and affect the general understanding
of the bedrock characteristics. Movements in a crystalline basement shield are normal.
However, their frequency is considerably lower than at plate tectonic boundaries.

3.2 Scales - Resolution - Structures

Firstly, it should be stated that there is a difference in what is meant by cartographic
scales and geological scales. The map scale refers to the size of the represented area in
relation to the size of the actual area (cf. model scale). The geological scale refers to the
size of the studied object. In general, it could be said that structures represented on
geological maps are large-scale and structures on the rock surface are small-scale. In
geological descriptions of the area, analogue designations are used of the size of the
area, for example, the local scale corresponds to the site investigation area while the
regional scale covers the region surrounding the site investigation area.

Two geological scales are used in SR 97:

• regional scale
• local scale

One question that SR 97 does not answer is how large an area should be in order to
describe the bedrock on a regional scale. How is the regional area delimited? Is the size
of the regional area different for different geoscientific parameters? It should be stressed
that the resolution of the data and the interpretation are important.

The two parameters, extent of study (i.e. delimitation of investigation including
demarcation of study area) and resolution (including base data and study performance),
supplement each other. It may be difficult to determine the general level of resolution
that is necessary for regional studies. It all depends on the object that is being studied.
Working on different scales makes it possible to apply the results gained during the
regional studies to the local studies and to verify that the structural patterns that have
been interpreted locally agree with the regional pattern. The relationship whereby
'anything that can be seen on a large scale can also be found on a small scale and vice
versa'(cf. fractal theory) has long applied within structural geology. However, it is not
completely clear from SR 97 how SKB uses the regional information.

The use of a semi-regional scale may be necessary in order to study the possible
continuity from the local scale to the regional scale and vice versa. The occurrence of
horizontal fracture zones is one example of structures that may be more easily
confirmed on a regional scale. Another question is whether thin "local" structures exist
that intersect larger structures at the boundaries of the local area. Furthermore, such a
gradual transition from the regional scale to the local scale can explain local variations
in the frequency for certain fracture orientations, for example, that a regional structure
occurs as a concentration of small-scale structures on a local scale. An understanding of
the occurrence and character of structures will be more obvious if the resolution of the
interpretation is successively increased towards the local region.



The above reasoning leads to the question of how, for example, fracture zones can be
identified and characterized on different scales. How are regional planes of weakness
defined? How are they identified? Answers to these questions also provide answers to
which zones are included on maps. In the case of Aberg, for example, for some of these
zones, it is stated that "These fracture zones are often interpreted as having a width of
hundred of metres, with a central fractured portion which can be up to ten or so metres
wide". What is a fracture zone and what is wall rock that has been affected by processes
other than fracturing (cf. for example, ductile shear and hydrothermal alteration of all
rock)? It should be possible to present the structural data in the form of a structural map
showing the traceable length of the structures and their thickness. An improved visual
impression would be obtained if this pattern were presented in three dimensions. This
would also have the advantage of making it easier for laymen to understand the existing
conditions.

The fact that models are based on a gradual development of a basic model can lead to
difficulties in tracing data. For example, what is the source of the information that
certain regional zones in the sea outside Aberg are water conductive?

What is the relationship between topographical relief, soil depth, the level of the ground
surface in relation to the base of erosion and the character of identified zones? One or
two kilometres west of Ceberg, a significant elevation of the top constant of the area
occurs (about 100 m difference in altitude). The importance of the structure/those
structures along which this difference in altitude occurs is not explained.

The question is whether it is sufficient to have two levels of ranking for regional scales
as SKB has done. Normally, a three-point scale (cf. ranking of processes for safety
assessment in SR 97) is used or a scale system that handles "intermediate classes" is
used. In order to do this, SKB should adjust the interpretation methodology. In short,
this adjustment means that the result should determine the classification of structures
and not that the classification should be determined before the interpretation is
performed. Based on primary data (such as elevation data, aerial photographs) a high-
resolution interpretation is obtained, representing a base map. Structural patterns in this
interpretation are thereafter classified and described. A generalization can then be made
based on what the presentation is to illustrate and the classification made. The result
will be a thematic map.

3.3 Primary Data, Base Data and Interpreted Models

Primary data are recorded data, measurements and observations (cf. the concept data
acquisition). Measurements are generally reproducible. Observations are, for example,
visual recordings of relationships and are dependent to some extent on the experience of
the person making the observation. In this case, base data represent data used as a basis,
input data, when constructing different types of geological models, such as maps,
profiles and three-dimensional descriptions. In turn, these models are the base data for
planning the repository layout and groundwater transport, for example. Models that
include repositories are used as a basis for calculating the migration of radioactive
substances to the biosphere in the canister defect scenario. Primary data and models are
used in various combinations as input data for the characterization of an area and in
different parts of the safety assessment.



The geological and structural-geological presentation of the three sites varies
considerably. This lack of structure for the data that are presented makes it difficult for
the reader to understand, which data are relevant for the safety assessment. In addition,
the level of detail in the investigations conducted at the different sites varies both in
terms of the degree of detail and the size of the volumes investigated. The three sites
have been investigated by different teams which have not co-ordinated the methodology
for data collection and interpretation.

One purpose of SR 97 is to "serve as a basis for specifying the factors that serve as a
basis for the selection of areas for site investigations and deriving which parameters
need to be determined and which other requirements ought to be made on a site
investigation". Furthermore, the concluding chapter of the Main Report "Discussion and
Conclusions" states that the "site investigation programme includes more than the
information sought by the safety assessment, however. The investigations are supposed
to provide a basis for general geoscientific understanding, and many investigations do
not in themselves furnish direct data for analyses, but are used when data are to be
interpreted. These questions are also dealt with and discussed when the site
investigation programme is formulated". More detailed information on this question
will be presented later in 2000 when SKB presents its site investigation programme.
This means that SKB has not given the reader a detailed view of what SR 97 has
contributed on this issue.

In order to evaluate certainty/uncertainty, traceability and reproducibility of geological
and tectonic models presented in SR 97, the background reports must be reviewed. Such
an evaluation is beyond the scope of this review.

3.4 Repository Design

The following conditions and prerequisites determined by SKB apply to SR 97:
• "respect distance" - depends on the nature of the adjacent zone
• in this case, "In all analyses, the least favourable tunnel orientation was

assumed, i.e. with the tunnel axis perpendicular to the largest primary principle
stress" (C page 213)

• "Blocks that can accommodate tunnels with a length in the span 250 to 500 m
are considered advantageous in the design process" (D page 76).

It would have been helpful if a diagram had illustrated the text concerning the impact of
different types of zones on the repository layout. Furthermore, it would have been
helpful if zones within the investigation sites had been classified according to function
(class D1-D4: B, table 5-1; Almen et al., 1996) in the diagrams presented. One
requirement is that the entire model area should be shown for all sites (in the case of
Aberg, only the repository site, not the geographical location, is shown) so that the
position of the repository is clear. A further condition should be made for repository
siting (in addition to those specified by SKB): for a rock volume to be classified as a
possible host for a repository, the rock volume must have a minimum width (in Aberg,
there are repository volumes that can hardly accommodate one tunnel).

The planning of the location of a repository must be based on information concerning
the quality of the rock. It is questionable whether this is so in the case of Aberg and
Beberg. In both cases, few boreholes and the occurrence of gently inclined fracture



zones at the repository site, affect the possibility of evaluating the structural pattern in
the rock at repository depth.

For each site some information presented by SKB in SR 97 have been compiled below.

Aberg

In the case of Aberg, the question is whether the rock in the southern part of Aspo is
representative of the surroundings. The repository is spread out and located on two
levels (a depth of 500 and 600 m respectively) and largely located outside the area
where the detailed characterization was conducted. Two boreholes intersect the site
where the repository is located in the upper repository level. At the lower repository
level, two boreholes touch rock volumes where waste is stored. No boreholes intersect
the repository volume at a depth of 600 m.

Beberg

In the case of Beberg, the northern part of the site, known as the northern block,
comprises an upper less fractured unit resting on a lower more fractured unit. Between
these units, there is an up to 100 m wide gently inclined deformation zone with a
varying fracture frequency. The gently inclined zone has not been identified at the
surface. The lower unit is assumed to have a certain similarity with the rock in the
southern block. The greater part of the repository is located in the northern block under
the less fractured unit below the gently inclined zone and in the more fractured domain.
The rock at repository depth has been investigated by using two boreholes. Neither of
these boreholes are located in rock volumes where waste is deposited. Two zones have
been identified from the surface to repository depth.

Ceberg

In Ceberg the location of the repository at a depth of 500 m has been penetrated by five
boreholes. In Ceberg, the size of the rock volumes where waste could be deposited is
considerably larger than at the other two sites. The form of these rock volumes is very
irregular. Does this indicate that structures intrude into the rock volumes (with dead
ends in the rock volume) or are there structures missing in the model?

General Comments

The above description of knowledge of the rock in the areas where the repository is
located should be included in the description of the repository (see also Appendix).
SKB should review the geometry of the rock volumes that will host deposition drifts.



3.5 Uncertainties

Firstly, the concept of uncertainty is examined in general and this is followed by a
discussion of uncertainties in geological models.

3.5.1 General

Uncertainty is defined as "a lack of knowledge" (Andersson, 1999: Section 2.1
Uncertainty Concepts).

Uncertainty can be defined as a measure of a lack of knowledge, information and
training within a particular area and the concept also includes deficiencies in specifying
the relationship between cause and effect. The latter can also be expressed as an
inability to be able to predict what will happen if a system is subjected to an external
event.

The relationship between knowledge and uncertainty is complex and it is debatable
whether or not the one is the opposite of the other.

3.5.2 Geoscientific Models

The uncertainty of the geological-structural model can be investigated by developing
alternative, independent models. Doing this means, to a certain extent, that base data for
subsequent models must be changed. Furthermore, the development of alternative
models at each stage involves a whole spectrum of possible interpretations. Geological
and structural-geological modelling can be considered to be interrelated functions, since
the results may depend on the interpretation of the data quantities used, whether or not
data are used in a certain order or whether data are simultaneously used. Furthermore,
the modelling methodology should be described and systematically implemented. It is
recommended that SKB should commission two separate groups to develop alternative
models. This approach will enable characteristics to be identified in the model that are
related to the treatment of data by the specific modelling group.

The question of what are the similarities and differences between the repository site
and the surrounding region illustrates both uncertainties in the models and in the input
data (especially with respect to representativity). Furthermore, studying the degree to
which models explain and incorporate primary data and observations can assess the
uncertainty in the models.

This type of information will provide some idea of the uncertainty in the models and
calculations. SKB has not applied any of the three approaches to data uncertainty
handling described above.

Since SKB can use alternative hydrogeological models to study possible spread in
interpretations, SKB can also use alternative geological and structural-geological
models to study the result (spread) that is dependent on the characteristics of the model
used. SKB points out that the characteristics of input data have a greater impact on the
spread of results than the hydrogeological model used. Input data in both deterministic



and stochastic models do not only comprise primary measurement data but also
interpretations (such as structural geological models).

4. Conclusions
The task of the safety assessment is to show "that the repository has been designed with
sufficient margins to be safe in spite of the incomplete knowledge available". SKB
mentions "confidence in the results" as an important aspect. For the layman, confidence
in the information presented is of the greatest importance. This means that the
presentation of the safety assessment should be of a high visual standard with respect to
descriptions of processes and events.

SKB presented the purpose of SR 97 as four points (see Section 2 above, since the
comments below are related to these four points). From a geological-structural
geological viewpoint, the following can be mentioned:

1. Methodology for evaluating the geometry of the structural patterns of the
bedrock at a depth of 500 m exists in general, but there are also certain
deficiencies. Examples include determining the position of the individual
structures and obtaining information. The importance of the bedrock is not
completely clear. What is related to the rock type and what is related to the
geological environment (including the geological evolution)? A clearer and
more systematic compilation of data used in the safety assessment is required.

2. Work involving alternative models and evaluations of how well the models
explain the collected data would be appropriate. The geological and structural
models for a site are included as the base data in calculations and other
modelling conducted in connection with the characterization of a site.

3. SR 97 does not provide any detailed information on site investigations.
4. The function of the bedrock as an external barrier is shown. However, to a

certain extent, information on how this barrier can be affected by aseismic creep
movements along fracture structures and the impact of selective erosion along
such structures is lacking. Furthermore, criteria for properties of the rock
volumes where deposition drifts are planned should be expanded, such as by
determining a minimum width and suitable length-width relations.
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1. Focus and Structure of the Review
The review presented in this appendix is an expansion, and in certain cases, a clarification
of information presented in the main text. In particular, this review examines certain topics
in the bedrock geology and tectonics presentation in SKB's SR 97 safety assessment and
how these topics have been presented on different scales (regional to local). The combined
geoscientific knowledge of a site is the basis for the layout of a repository at the site. This
topic is dealt with before repositories at the three different sites are discussed. Some of the
parameters that can affect the future performance of a repository (scenarios) are discussed
and this is followed by general comments on uncertainties in background data and
interpretation. Uncertainties are also dealt with under a separate sub-heading in each
section. Finally, a general overview of the impact of geological and structural geological
interpretations on the safety assessment is presented.

The following issues are examined in this review:
• similarities and differences in data (how are the variations in the purpose of the

investigations of the three sites and the variations in the level of detail taken into
account?)

• the relationship of interpretations to interpreter, interpretation methodology and
base data (input data)

• how the results are presented (what is presented and why, including traceability)
• consistency in the presentation of the sites.

The scales dealt with are:
• the regional scale (has the size of the regional scale been justified and what is the

information provided by the regional study that has been used for the
characterization of the local site?)

• semi-regional scale (size and the information that can be obtained for an assessment
of the local site)

• local site (size and level of detail).

In the review of the repository layout, the following factors are taken into account:
• criteria for an assessment of the suitability of the rock
• how these criteria have been applied
• presentation.

The review presented here is based on parts of the following reports:
A. SKB, 1999. Deep Repository for Spent Nuclear Fuel, SR 97 - Post-closure Safety.

Main Report, Volume I & II, SKB TR-99-06, Stockholm.
B. Andersson, J., 1999. SR 97 Data and Data Uncertainties, Compilation of Data and

Data Uncertainties for Radionuclide Transport Calculations. SKB TR-99-09,
Stockholm.

C. SKB, 1999. SR 97, Processes in the Repository Evolution. SKBTR-99-07,
Stockholm.

D. SKB, 1999. SR 97 Waste, Repository Design and Sites, SKB TR-99-08,
Stockholm.

E. Munier, R., Sandstedt, H., and Niland, L., 1997. Forslag till principiella
utformningar av fdrvar enligt KBS-3 for Aberg, Beberg och Ceberg. SKB R-97-09
(in Swedish), Stockholm.



F. SKB, 1999. Djupforvar for Mgt- och medelaktivt avfall. SKB R-99-59 (in
Swedish), Stockholm.

G. Backblom, G., 1989. Guidlines for use of nomenclature on fractures, fracture zones
and other topics. SKB Technical PM 25-89-007, Stockholm.

The above reports are referred to as (A), (B), (C), (D), (E), (F) and (G) below.

Only in exceptional cases have other reports been studied. When this has been done, the
aim has been to understand modifications made in SR 97 of previously presented models
and to obtain a clearer view of the underlying work (traceability).

Before the geoscientific content of SR 97 is discussed, some general comments are
presented.

2.General Comments

2.1 Data Used

Existing regional and local data are listed in tables. However, it is not clear which of these
data have been used in modelling Aberg, Beberg and Ceberg.

2.2 Text - Diagrams

The text is brief, as it should be, but in the bedrock geology sections, it has been found that
the text and diagrams sometimes do not agree, e.g. the description of regional zones for
Aberg and the information presented in the accompanying diagram (D, Figure 4-3). It is
recommended that diagrams should be presented using one scale and consistent
designations throughout (such as geological maps and vertical cross-sections as well as
rock stress measurements).

2.3 References

The sources of background data are provided in the form of references and the text is
supported by diagrams and tables. Referenced text often comprises summary reports or
reports that have made an extra contribution to previous investigations. References to
background reports and base data are often deficient.

To this must be added the fact that different reports can refer to different compilations, that
is different parts of SR 97 may be based on non-identical background data (see for
example, below in the rock stresses section).



3.Geological and Structural Geological
Evaluation

3.1 Selected Sites

The three sites called Aberg, Beberg and Ceberg correspond to the following actual sites:
Aspo, Finnsjon and Gidea (see tables 3.1 and 3.2). "The sites have been selected as
calculation examples to reflect different conditions in Swedish granitic bedrock..." (A, p.
18) and "The sites represent three areas in stable geological settings" (A, page 92).

Table 3.1: Data concerning site location and rock types at the sites.

Site

Beberg

Ceberg

Actual Site

Aspo: SKB's
Hard Rock
Laboratory,
450 m deep
Finnsjon;
KBS-1&-2
study site,

Fracture Zone
Project
Gidea: KBS- 3
study site

Distance
to
Stockholm

230 km
south

110km
north

460 km
north

Investigated

1986-to
present
(ongoing)

1977-1983

1985-1992

1981-1983

Distance to
Coast/Ele-
vation
above sea
level (a.s.l)
Island in
archipelago
0-15ma.s.l.

15 km
about 30 m
a.s.l.

10km
about 110 m
a.s.l.

Main Rock
Type

Weakly
foliated
granodiorite

Foliated
granodiorite

Veined
gneiss,
migmatite

Table 3.2: Seismic data (seismic regions in accordance with A) and isostatic uplift at
each site.

Site Above the Isostatic Total
highest shore uplift today uplift
line since (rate)

Seismic region

Aberg about 12 500 1 mm/year about 200 m Outside
years

Beberg about 10 000 6 mm/year about 500 m the Gulf of
years Bothnia*

Ceberg about 9 500 8 mm/year 700-800 m the Gulf of
years Bothnia

~~* At the southen boundary of the Gulf of Bothnia



What the three sites have in common is that they are located along the eastern coast of
Sweden and the sites are separated by a distance of about 340-350 km. The rock types at
each site vary and none of the sites is dominated by granite (in the petrographical sense).
At Aberg, there is mainly a mixture of various acidic to intermediary rock types (granite to
diorite, granodiorite dominates) with varying grain size and type of preferred mineral
orientation (foliation). The bedrock at Beberg is homogeneous, comprising gneissic
granodorite. Ceberg comprises gneissic and partially melted sedimentary bedrock. The
melted parts are locally concentrated, forming 'migmatite granite' with a granodioritic
composition. However, a veined gneiss is predominant. All three sites have a regional
foliation, although the intensity varies. The three sites are all located in Precambrian
crystalline bedrock. However, the geological history of the sites is not identical.

What is commonly characterized as 'stable bedrock' is more a matter of judgement than the
classification of rock types. Sweden is situated in the Fennoscandinavian Shield (often
called the Baltic Shield). A shield is a large area of exposed basement rocks in a craton.
Cratons are continental parts of the earth's crust that has attained stability, and has been
little deformed for a prolonged period. That is, they are stable in the geological sense. This
means that small-scale movements in the bedrock occur within the shield. "Small-scale"
movements have constantly relieved the tectonic stresses that the shield has been subjected
to. These movements may or may not result in earthquakes. Neotectonic movements are
young distortions of the earth's crust (less than five million years old, although in Sweden,
this usually means movements that have occurred during or after the last continental
deglaciation).

Table 3.2 shows that the sites have varying features with respect to the impact on the rock.
This impact may also be reflected in the rock stress patterns of the site. Gidea, which
shows the largest deformation, namely the vertical movement after deglaciation, also
shows the least regular rock stress conditions (is most stress-relieved?).

The basis for the site selection is not directly justified beyond the fact that SKB wishes to
show that sites that do not fulfil the repository site criteria have not been found. It should
not be stated, as SKB does, that the three sites comprise the same rock type and that the
stability conditions are similar. This review considers that the three sites - Aberg, Beberg
and Ceberg - can be compared providing that the description of the site is adequate so that
similarities and differences between them are clear. However, no comparison or ranking of
the sites is included in SKB's SR 97.

The KBS-3 report discussed the difference in the characteristics of fractures formed in
granitic rock types vs. fractures in gneissic rock types. Fractures in gneisses are usually
shorter and have a lower hydraulic conductivity than fractures in granite.

3.2 Regional Characterizations

The purpose of describing regional characteristics is to determine, for example:
• characteristics and features that can occur within the detailed area
• groundwater transport pathways through the detailed area
• characteristics that can affect the future stability of the area.



Examples of such information include the homogeneity of the bedrock with respect to rock
type distribution and planes of weakness.

3.2.1 Regional Area

A central question is what is meant by a regional area? Is the size of the regional area (see
table 3.3) different for different parameters? How is the regional area delimited?

How are regional planes of weakness defined? How are they identified? Answers to these
questions also provide answers to the zones that are drawn on maps (see also below). In the
case of Aberg, it is stated that "These fracture zones are often interpreted as having a width
of hundred of metres, with a central fracture portion which can be up to ten or so metres
wide" (D page 31, cf. page 38). What is a fracture zone and what is the wall rock affected
by processes other than fracturing (cf reactivation of plastic shear zones and hydrothermal
conversion)? Furthermore, is it, for example, specified that certain regional zones in the sea
outside Aberg are water-bearing (only an assumption?).

How is the relationship between topographic relief, level above the base of erosion and
zone characteristics evaluated? Are two scales for regional structure sufficient? One or two
kilometers west of Ceberg there is a significant vertical shift in the top constant of the area
(about 100 m difference in altitude). The importance of the structure(s) along which this
altitude difference occurs is not explained.

Table 3.3: Sizes of the specified regional areas for Aberg, Beberg and Ceberg.

Site Scale Dimensions Size Number of Sea (%)
zones in the
investigated site

Aberg about
1:104 170

Beberg about
1:375 940

Ceberg about
1:242 720

12.5x12.5 km 156 km2 1 longer than 10 More than 30
km, %
1 smaller than
3-5 km long

50x50 km 2 500 km2 1 well-defined About 20 %
lineament,
1 poorly defined
lineament

31.5x31.5 km 980 km2 6 poorly defined About 4 %
lineaments

It can generally be assumed that the topographic relief is related to the structural pattern in
the bedrock, the elevation of the base of erosion over geological time and the effect of the
soft sediment cover. How are the low-lying areas with low relief evaluated? See also the
treatment of erosion below.

What is the relationship of the regional structures to the investigated site? Is the
identification of regional blocks no longer relevant to the position of an investigated site?
Do the regional structural maps display the block pattern? It is common to apply a
structural classification which, at the minimum, shows a structural ranking that is more



than relevant to the question at hand (a classification into three levels is considered a
minimum. This partly provides an answer to a question posed above. We shall return to
this issue below).

Related to the above-mentioned question is the issue of the resolution of the regional study.
Is a semi-regional scale necessary? The question is warranted since many of the structures
described in Aberg, for example, do not appear to be clearly related to the regional pattern
(see below).

Related questions to SKB are:
• what is the connection between regional geology and local geology
• in what way has this connection been utilized when planning investigations and

interpreting results?

3.2.2 Uncertainties

Uncertainties relating to regional structures mainly concern the following:
• which structures should be included (a matter of resolution and definition of the

regional structure)
• width of the structures
• dip of the structures
• identification of horizontal structures.

In all of the regional models presented, structures have not been drawn in accordance with
their width but in relation to their length (Aberg: "structures" with a length > about 10 km
or about 3-5 km long, and in the case of Beberg and Ceberg: well-defined lineaments and
poorly defined lineaments). It can be noted that for Beberg, there is a local map where the
apparent width of the zones at the ground surface has been stated.

Only in the case of Aberg has the dip of the regional structures been stated. However, the
uncertainty is on the order of 10° to 60°, in the case of structures that have not been bored.
Why are the "vertical" unbored structures not described as having any dip distribution?
Structures investigated with boreholes have a dip uncertainty of 0° to 45°. Uncertainties in
dip of more than 10° for structures investigated by borehole appear to be too much (cf. G).
What is the reason for this large uncertainty? One possible explanation is that SKB's
assessment is that the dip of structure shows lateral variation along the structures.
Furthermore, it must be noted that the occurrence of gently dipping zones has not been
discussed in spite of the fact that zones of this type are described in the region (Aberg and
Beberg). Why? It is possible that SKB has not identified gently dipping structures at the
sites.

3.3 Semi-regional Scale

The need for a semi-regional scale, that is a scale that links the regional scale and the local
scale should always be taken into consideration. This is really not a question of scale, but a
question of the resolution of the investigations conducted (applies to the resolution of the
data and the interpretation as well as the size, demarcation of the investigated area).



The resolution in a semi-regional interpretation would have to be such that the structures
(individual structures or groupings of structures) have a traceable length of, for example,
250 m or more are detected (independently of the thickness of the structures). In the case
of Aberg, examples of such structures include the fracture swarm oriented WNW-ESE as
well as defined fractures oriented in the sector NNW-ESE across N-S to NNE-SSW. In the
case of Beberg, it is a question of intersecting N-S structures and in the case of Ceberg,
structures oriented WNW-ESE and ENE-WSW.

In the case of Beberg, such a semi-regional interpretation has been conducted. In spite of
this, certain regional structures that intrude into the local area and that are included in the
semi-regional interpretation have not been included in the final local model. This was
commented upon in connection with SKB's treatment of uncertainties in the underlying
data (B). However, the reason for this is not given.

Some probable reasons why structures identified on the regional scale are not included in
the local models are proposed below. These are:

• the size and location of the local site in relation to the regional structure
• unavailability of field data (including borehole data)
• the fact that structures do not have the expected appearance and are thereby not

identified
• the fact that the regional information was not fully used.

3.4 Local Scale

The local scale should have boundaries that are oriented N-S and E-W. This reduces
unnecessary errors with respect to reference to the geographical north (such errors occur in
the description of Aberg in SR 97, A, Figure 9-16).

The following is shown on the local scale:
• rock type distribution
• planes of weakness patterns in the bedrock.

The resolution of the work conducted varies from site to site as well as within the different
sites. SKB should improve the consistency of its presentation of the sites. This is
particularly the case with respect to bedrock maps displaying structures and in vertical
cross-sections.

3.4.1 Size of the Investigated Site

The actual size of the investigated site (see Table 3.4), that is, the part of the site covered
by surface data (mapping, ground geophysics etc.) and depth data (boreholes, core
mapping, seismic measurements, radar measurements etc.) is smaller than the geographical
boundaries of the site (the surface area of the site on the map). Another way of looking at
this is to consider it as a form of inhomogeneous sampling. In the case of Beberg, the
sampling is also inhomogeneous with respect to investigation methods (the southern block
has not been included in recent investigations - borehole radar, reflexion seismics, large-
scale tracer tests etc.).



3.4.2 Rock Type Distribution

In maps and vertical cross-sections describing the rock distribution within the three sites,
SKB's interpretation is that tectonic structures do not have any significant impact on the
rock type distribution.

The central parts of Aberg are intersected by a marked structure oriented NE-SW. Along
this structure, large parts of the rock are oxidized (lost its magnetic signature). The NE-SW
structure is a mylonite zone that is traceable for more than 10 km. In spite of this, the
mylonite, a shear structure, does not appear to displace any lithological contacts. The
question is why?

Table 3.4: Location, shape, size and number of boreholes at the investigated sites.

Investigated site Location Shape/
Size

Number of Concentration Number of
boreholes ofbh bh to
(bh) repository

depth
500m/600m

Aberg

Beberg

Ceberg

Island within
an
archipelago

Crystalline
basement
plain
At the
boundary of
regional
elevated area

Triangle
about 1 km2

Rectangle
5 km2

Rectangle
6 km2

From
surface: 12
From tunnel:
12 (or
more?)
From
surface: 11

From
surface: 13

Central and
southern Aspo

Central and
southeastern
part
Central parts

From
surface
From
tunnel:

From
surface

From
surface
11/11

:5/2

4/0

:7/2

The geological map shows that the rock boundaries have a strike that conforms to foliation
while in the profile, the rock bondaries are more or less horizontal and are thereby
intersected by the vertical foliation. Why is this so? Is there large-scale lineation?

On the regional map of the area surrounding Aberg, the "granitic bedrock" is referred to as
Smaland granite while on the local map and in the local profile, it is only "Avro granite"
that is referred to as Smaland granite. Why? Is the "Aspo diorite" an exotic rock type in the
region?

3.4.3 Zone Designations

The designation of structures should be simple and adequate. Some examples of
inconsistent and unclear designations used in SR 97 are presented below:

• the EW-1N and EW-1S zones in Aberg comprise a zone that, according to the text
and diagrams, is oriented NE-SW (A Table 6-4; according to the table, oriented in
W-E to ENE-WSW; different names and different shapes are used for this zone in
different background reports, although the latter is more understandable)
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• zones 2A, 2B, 3A, 3B and 11 A, 11B in Ceberg (A Table 6-8; alternative
interpretations or real zones?; the designations of zones are not used on maps or in
profiles).

It should be easy to compare zones specified in text, diagrams and tables.

3.4.4 Data for Evaluation of Uncertainty of Interpretation

To assess the uncertainty of interpretations, the location of boreholes should be included.
Boreholes are indicated in vertical profiles for Aberg and Ceberg, although without
specifying in any diagram the locations of these boreholes on the surface. The location of
boreholes at repository depth is also essential to an evaluation of repository layout (see
below).

In order to check the certainty/uncertainty, traceability and reproducibiliry of the models
presented, background reports must be reviewed. Such work is beyond the scope of this
review.

3.4.5 Presentation of Zones

The traceability of presented structures differs from site to site.
• Aberg. No maps of zones are presented. All of the zones listed in the table are not

included in diagrams and there is no vertical cross-section displaying the zones The
model shows the strike of structures where they intersect the main tunnel of the
Aspo Hard Rock Laboratory. This type of model is mainly useful for vertical
structures. Three-dimensional models are available but are not presented.

• Beberg. Mainly as a result of few boreholes and inhomogeneous rock, no check is
available of the location of structures below Zone 2 in the northern block, that is, at
repository depth. The check of the location of structures in the southern block is
deficient. Profiles contain more structures than the structural map.

• Ceberg. This site has several structures that appear irregularly (poorly defined
extensions?) and the relationship between these and other structures is unclear.
Zone dip information is not specified on maps. Tabulated structures cannot be
easily correlated with structures on maps and in profiles.

A consistent description of the three sites in text, diagrams and tables would make it easier
for the reader to see similarities and differences between the sites.

3.4.6 Uncertainty of Interpretation

The relationship between information density and the number of identified zones is
important. In the KBS study site project (six sites, including Beberg and Ceberg)
systematic boring campaigns were carried out to identify and characterize target structures.
About 75% of the boreholes hit the target. The relationship between the number of
expected zones (targets) and structures that were shown and additional structures that were
included in the models was about 1:1, that is, besides the structure to be investigated by the
borehole, an additional zone occurred. In addition, somewhat less than 50% of all of the
zones were bored at a depth of between 50 to 300 m, and usually at a depth of 100 to 200
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m. About 35% of all of the modelled zones in these areas were investigated by a single
borehole. Somewhat less than 30% of all of the zones that are included in the models were
not investigated by a borehole. In the case of Aberg, the figures are different.

The above emphasizes the fact that the sampling procedure is vital in obtaining
representative and homogeneous sampling. No evaluations indicating the uncertainties
related to the representativity of the borehole investigations conducted within the three
sites have been found in SR 97. This probably indicates that SKB has not conducted any
such investigations. If this is not taken into account, the sampling of structures of specific
orientations could be more comprehensive than others, in other words, this will result in an
incorrect relative distribution of structures within the presented model.

Uncertainty in interpretation models can also be expressed in the share of recorded
indications of planes of weakness and groundwater transport pathways that are explained
by models. How much has it been possible to explain? SR 97 does not provide this type of
information.

The development of alternative (independent) models could show where the uncertainties
(weaknesses) in and certainties (strengths) are in the models. This would also test different
approaches to modelling. In general, SKB only works with one set of geological and
tectonic models and these models are adjusted as new information emerges.

Another measure of uncertainty is to study how many boreholes at repository depth pass
through the rock volume containing deposition drifts. This is discussed in Section 5
"Repository", see below. SR 97 does not provide this type of information.

SKB states for Aberg "the carefully investigated area is quite small and the question could
be asked whether this volume is representative of the site condition in general. It has been
suggested that the actually investigated volume is anomaly fractured, tectonised unit if its
own". "Still no new or altered structures in the Aberg structural model are suggested" (B
page 54, cf. D page 45). No alternative interpretation is proposed for Aspo since the area
chosen for the modelling is naturally delimited and well researched" (D page 47). Does
this also apply to the immediate area where the repository is located? Note that the location
of most of Aberg's boreholes and the location of Aspo Hard Rock Laboratory's tunnels are
located has largely been classified as unsuitable for the location of deposition drifts.

It is normal for the variation/change in orientation of regionally defined structures to be
relatively moderate. How well has SKB established the orientation of the "major highly
conductive zones" (D Table 4-11) that intersect the southeastern part of Ceberg? The
model (the vertical cross-section) states that they are perpendicular. This would appear to
be unlikely since they are part of a structure that can be followed for more than 25 km (see
Askling, 1997). This is a vital question since it is of fundamental importance for the
interpretation of variations in the orientation of regional structures.

4. Rock Mechanics

Without being an expert in the area, I would like to raise a number of questions regarding
this section. Each of the sites is then discussed.
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What is the meaning of the values that are obtained from rock stress measurements? To
what extent is the measured rock stress related to structural inhomogenities in the rock?
What role does regional studies of rock stresses play? What type of data (rock stress
measurements, interpretation of seismic data/interpreted fault plane, geodesic data) are
used to assess regional stresses?

The measurements at Aberg have a distribution in direction of about 90°. How is the mean
direction of the horizontal principal stress calculated when the distribution of the
measurement points is inhomogeneous and the distance to the structures varies (the types
of structures also vary). Are the principal stress directions expressed by some sort of
"simplified" mean value?

4.1 Aberg

Since "the vertical stress is much lower than the maximum horizontal stress and agrees, at
least on average, fairly well with the lithostatic load",(A) horizontal structures should have
a propensity for water conductivity. However, SKB does not consider that it has observed
this in Aberg. How can this be explained?

In the case of Aberg, it is stated that the most frequent orientation of water-bearing
fractures is sub-parallel to the maximum horizontal principal stress and that they are
vertical. This has affected the selection of the direction of deposition drifts in SR 97.
However, structures that are perpendicular to the maximum horizontal principal stress have
determined the boundaries in the model for rock volumes hosting the repository. Why has
more attention been paid to the quantity of water-conductive fractures of a certain
orientation (WNW-ESE to NW-SE) than to the more water conductive fractures but not so
frequent fractures of another orientation (NNW-SSE), with respect to the choosen
orientaion of deposition drifts? What is SKB's view of the interaction between these
fracture sets? Do fractures of the two sets of fractures transect rock volumes hosting
deposition drifts?

The references to rock stress measurements in Aberg vary in the different parts of the SR
97 reports.

4.2 Beberg

At Beberg, the measurements of the maximum and minimum rock stresses follow each
other above Zone 2 while there appears to be a more irregular pattern below Zone 2. The
rock stresses below Zone 2 can be divided into two groups: one with higher stresses and
another with lower stresses. "Stress pairs" are thereby obtained (two pairs) that follows
each other in the same way above Zone 2. The rock below Zone 2 is more fractured than
above Zone 2 and is similar to the rock south of Zone 1 (that is in the southern block).
Could it be so that certain parts of the rock are more stress relieved than others and that this
is a function of the structural pattern of the rock? Can the spatial variation in the rock stress
amplitudes indicate that the higher stresses are residual stresses? SR 97 has not dealt with
these issues and neither has it taken into account the classification of rock stress.
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4.3 Ceberg

Is the almost 90° rotation in the mean value for the maximum horizontal stress in relation
to Aberg and Beberg caused by the relationship to the foliation in Ceberg? Does the
foliation also affect the order of magnitude of the horizontal stresses? Has the considerable
vertical uplift (about 800 m) at the site also affected the rock stresses?

4.4 General

A scale problem for rock stress measurements is acknowledged by SKB, although SKB
does not state how this is resolved.

By using consistent diagrams (with respect to symbols, colours and scales) when
presenting the same type of data from the different sites, SKB makes the text easier for the
reader to understand. Deviations from this recommendation also occur in diagrams other
than those dealing with rock stresses, such as diagrams describing geothermal gradients
and geological maps.

5. Repository
The following terms and conditions apply (D and E) to the repository:

• "respect distance" - depends on the nature of the adjacent zone
• in this case, the deposition drift must be in the most unfavourable direction in

relation to the maximum horizontal stress, that is, perpendicular to the stress
• blocks must be able to accommodate long deposition tunnels, 250 to 500 m long.

It would have been useful if the text on discontinuities had been illustrated with a diagram.
In geological terminology, the term "discontinuity" is usually preceded by a qualifier (such
as sedimentary, tectonic, geophysical etc.). Why has SKB introduced the term
"discontinuity"?

It would have been useful if SKB had classified the zones into "functional classes" (Dl-
D4) in the diagrams describing the structures of the investigated sites. It would also have
been useful if the entire model site had been shown for all sites (in the case of Aberg, only
the repository site is shown) so that the repository location is clear.

Does SKB plan to perform pilot hole boring and to test them before boring full-scale
deposition holes?
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5.1 The Basis for Repository Design

In order to design a repository, adequate knowledge of the fracture pattern in the bedrock is
necessary.

In SR 97, the selection of the most unfavourable direction of the deposition tunnels means
that the "deposition tunnels are oriented perpendicular to the maximum horizontal stress.
This direction has been chosen to avoid long intersections with water-conducting fractures
that have the same orientation as the horizontal stress". (B, p. 78).

5.1.1 Aberg

The presentation of the fracture zone pattern and position of the repository in the case of
Aberg is deficient. Some remarks:

• the geographical position of the repository is not specified (this also applies to the
background reports - however, there is a diagram in the canister defect scenario,
Figure 9-16 (A) where the arrow pointing north is incorrect). It is not clear what is
considered to be the investigated site in this case

• a structural map and profiles showing the position of structures are not provided
• the repository layout is not always identical in different parts of the reports (cf. A

and F)
• the entire repository layout is only provided in the F report, which is not the case in

the SR 97 report.

5.1.2 Beberg and Ceberg

In the case of Beberg and Ceberg, the sites have well defined boundaries and, thereby, the
geographical position of the repository is provided. However, in the case of Ceberg, the
presented rock stress directions are incorrect (cf Figure 4-15 in D and Figure 6-5 in A).

5.1.3 General

Which rock stress directions have been used? They are all different from those described in
"Rock-mechanical Description" (Reference D). In the case of Ceberg, the error is obvious
(all sites in the diagram have the same direction of stress axes).

If the fracture orientation determines the direction of the deposition drifts why are fracture
diagrams not used (stereograms, rosette diagrams or another type of diagram as well as
fracture statistics) in the presentation of the investigated sites?

How and when is the methodology available for identifying suitable deposition holes?
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5.2 Evaluation of the Location of Deposition Drifts

The following text on location of repositories in relation to the investigations performed
has been compiled in connection with this review. The base data for this part of the present
review is not included in SR 97.

5.2.1 Aberg

In connection with investigations carried out on the Aspo bedrock, different sets of
structures were investigated at different times. The initial investigations focused on
structures oriented in NE-SE, such as the NE-1 zone. NNW-SSE structures were then
examined and these were found to have a high hydraulic conductivity in spite of the fact
that the zones are very narrow and often comprised only a few discrete fractures. The
fracture maps of the Aspo Hard Rock Laboratory tunnels show that the dominant fracture
orientation for water-bearing (wet) fractures is WNW-ESE to NW-SE. Is there any
discussion that clearly states that the latter orientation is more significant than other
fracture orientations with respect to rock stability and hydraulic conductivity? In other
words, why has this fracture orientation been allowed to determine the layout of the
repositiory?

No map showing the location of the repository is provided in the part of SR 97 that
describes the repository position (A and D: except for D Figure 9-16).

At Aberg, two of the nine boreholes that extend as far as repository depth penetrate rock
volumes in the upper repository level where deposition drifts have been located. The other
seven boreholes are located in rock which has been exempted due to the existence of
structures and areas related to the "respect distance". Two boreholes penetrate to the lower
repository level and both are located just outside the area with the deposition hole. In brief,
this means that the deposition drifts are located in areas where knowledge is deficient.

Aberg is a small island in an minor achipelago. Such islands often represent areas with a
higher resistance to erosion than the surrounding water-covered areas. The narrower the
channel between islands, the greater the risk that the channel will correspond to structures
with low porosity, such as fracture zones. SKB writes that "the thoroughly investigated
rock mass in Aspo is relatively small and may comprise an unusually heavily tectonized
portion of the rock that is not representative of the entire area" (p. 47 in B). Could it be
worse in parts of Aspo that are not as well investigated? Can the structures at the
boundaries of Aspo island (if they exist) have an impact on the repository layout that is
proposed? This can be investigated using boreholes from the lower regions of the Aspo
Hard Rock Laboratory or through a three-dimensional seismic investigation (geophones
placed in the TBM tunnel, at the ground surface and possibly in the lift shaft).

The occurrence of horizontal fracture zones has been discussed. During the pre-
investigations, indications were found of the occurrence of a horizontal, several hundred
meter wide fracture zone in the northern part of Aspo. The base of the zone is estimated to
be just below a depth of 400 m and its water chemistry is different from other parts of
Aspo. In the base of the KAS02 borehole (below 900 m), there is a 100 m wide section
with a highly fractured rock (not included in the models?). Could this be a horizontal
fracture zone?

16



Rock volumes where the deposition drifts are to be located should be able to accommodate
drifts with a length greater than 250 m. This is rational. However, one question that should
be raised is the relationship between the length of the rock volume and its width. Are the
following proportions - 1:400 (width: length) or 1:10 as shown in diagrams in SR 97 -
acceptable (A, see also F)? The deposition drift undermines the rock and can result in a
fracture nucleus. Heat from the waste induces additional stresses. The horizontal maximum
stress is dominant and is perpendicular to the thin strip of rock that contains the deposition
drifts (tunnels).

Eight rock blocks used to host the repository (seven positions in the upper repository level
and eight positions in the lower level. The same rock block is used for the upper and lower
positions, apart from an additional block in the lower repository level). The Aberg site has
four zones that are functionally classified as Dl and nine zones classified as D2. Within the
area with deposition drifts, two zones are classified as Dl and six as D2. The surface of the
repository is almost 1.3 km2 on each level, in other words a total of 2.6 km2.

5.2.2 Beberg

There is a concentration of boreholes in the eastern part of the northern block, just north of
Zone 1, which separates Beberg into two parts. The boreholes are more dispersed in the
southern block. At Beberg, two drill core boreholes penetrate to a depth of 600 m. Neither
of these holes penetrate rock volumes where deposition drifts are located.

The greater part of the repository is located in the northern block below the horizontal zone
(Zone 2). Boreholes that penetrate into this part of the rock indicate a similarity with the
structural pattern in the southern block, that is a higher frequency of structures and a more
complex pattern than in the rock above Zone 2.

Reflexion seismic investigations have been carried out through the northern block. What
are the findings?

The repository is located in four rock blocks. Beberg has three zones which are
functionally classified as Dl and eleven zones classified as D2. Within the area with
deposition drifts, there is one zone classified as Dl and three classified as D2. The
repository surface is about 1.8 km2.

5.2.3 Ceberg

Ceberg has eleven boreholes that descend to a repository depth of 500 m. Five of these
penetrate into rock volumes with deposition holes and six penetrate into zones at this
depth.

In the version of the repository presented in the KBS-3 report, the repository is located at
600 m. Why has the repository level now been raised to 500?

Deposition drifts are perpendicular to the principal stress. However, the basis for
determining this direction was uncertain as well as incorrectly positioned in the diagram
(Figure 5-4 in D) and the difference between the maximum and minimum principal stress
is relatively small.
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The repository is located in four blocks. Ceberg has four zones which have been
functionally classified as Dl and eleven zones classified as D2. In the area with deposition
drifts, there are two D2 classified zones. The surface area of the repository is about 1.8
km2.

5.2.4 Uncertainty

The reason for the performance of site investigations was different in the case of Aberg on
the one hand and for Beberg and Ceberg on the other hand. The investigation of Aberg was
related to the construction of the SKB Hard Rock Laboratory (Aspolaboratoriet) while
Beberg and Ceberg were KBS study sites. This is reflected in the fact that the Aberg
repository is split (several rock blocks and two levels) and contains most Dl and D2
classified zones. It should be noted that in the case of Aberg the model area for the
repository layout is larger than Aspo itself and covers parts of the mainland (at Laxemar)
as well as the adjacent peninsula (Bockholmen, northern part) and islands (Avro,
northwestern corner and Mjalen, western part) as well as the water in between. Only a
small part of the respository is located within the well investigated areas. In the case of
Aberg, the repository layout must be considered to be uncertain and the value of the
transport modelling must be considered in this light.

The repository layout at Beberg is uncertain since the structural pattern below Zone 2 has
not been determined in detail. Beberg results in two transport models: one for the southern
block with similar (homogeneous?) structural conditions and one for the northern block
with a vertical contrast in the structural pattern.

The repository layout at Ceberg is the most coherent. The uncertainty in Ceberg partly
stems from the irregularity of the rock block geometry and the orientation of the structures.
Are there any structures that have not been identified? What is the orientation of the
marked zones intersecting the eastern part of the site?

When the ability of a site to accommodate a repository is evaluated, this evaluation is
based on models. One complementary alternative is to just consider primary data. The
question is then whether the sampling points at the repository level indicate that a
repository is feasible. However, in order to conduct such an analysis, a number of
boreholes penetrating to the specific depths must exist. In the case of Aberg, Beberg and
Ceberg, the share of holes through the repository site in relation to holes outside the site is
as follows: 2/9, 0/2 and 5/11. Neither of these sites has a repository without intersecting
zones. In the case of Aberg, individual repository areas (defined by the zone geometry and
respect distance) vary from about 6,000 m2 to just less than 200,000 m2. In the case of
Beberg, the corresponding figures are about 75,000 m2 to just over 750,000 m2 and in the
case of Ceberg just over 60,000 m2 to somewhat more than 1,00,000 m2.

Should future planning of a repository be based on a degree of openness, that is that there
is a possibility of adapting the repository layout to the existing conditions on a very local
scale (for example, the position of the deposition drift)? In SR 97, SKB emphases that the
"The KBS-3 system has a flexibility as regards repository depth and layout which allows
adaption to site-specific conditions and to the information on the rock conditions which is
continuously collected during site investigations and repository excavation (italics added
by author)" (A page 445). SKB should explain the meaning of this statement.
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6. Large-scale Groundwater Flow
Reference A (page 442) states that "There are several different concepts for underground
water flow, and three different concepts are compared in SR 97. The conclusion of the
comparison is that the natural variability of input data to the models influences the result
more than the choice of model". The questions below related to hydrogeology are outside
the author's area of competence.

Three diagrams in reference A (Figure 8-11, 8-12, 18-13) show the groundwater modelling
of Aberg, Beberg and Ceberg. In relation to topographic gradients and the site size, these
models are relatively deep. To show "the total flow per side" in such a model would appear
to be slightly misleading since the flow can vary with depth. It is also possible that in the
near-surface layer, the flow is considerably larger and in certain cases also moving in the
opposite direction at a depth. In these models, shouldn't the total flow in and out of the
model volume be equal to zero? If this is not so, the changes in the groundwater level
should be described as a function of time.

How is it that several different types of alternative hydrogeological modelling are
performed on a single geological description of a site? Without being a specialist on
hydrogeological modelling, the question can be asked whether or not there is a coupling
between the different model concepts. Is there some form of calibration or basic
assumption that directs the results to a specific solution? What are considered to be input
data in the hydrogeological models (other models and/or registered primary data)?

If the results of the different hydrogeological models are the same for the geological-
structural geological site description, why not also perform alternative structural geological
site descriptions and use them as input data?

7. Scenarios
In this case, scenarios are possible processes or phenomena that can affect radionuclide
migration from the repository to the human environment.

7.1 Earthquakes

An earthquake is the more or less perceptible expression of the deformation of the earth's
crust. However, only a small part of the deformation of the earth's crust takes the form of
an earthquake (more than 90% of all movements in the bedrock occur without an
earthquake). This also applies in areas with ongoing mountain chain formation and along
plate boundaries. To focus on where earthquakes occur at present might be incorrect. It has
been found that the epicenter can move over historical time (for example, as within the
Persian empire, currently Iran-Irak-Syria-Turkey). Earthquakes are only one sign that
movements are occurring. Areas "without" earthquakes, such as the southeastern parts of
Sweden could have the same order of magnitude with respect to deformation (both in a
vertical and horizontal direction) as within areas of greater seismic density, such as
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southwestern Sweden. The question is why earthquakes are more frequent in the west. The
relative movement in the N-S direction is 1 mm/100 km and year (Slunga et al, 1984).

Non-earthquake related deformation, namely aseismic deformation, occurs through creep.
Is this creep distributed over a large number of fracture planes or is it concentrated along a
few regional planar structures? Can this deformation affect a repository? Is there any
information on how creep occurs in Swedish bedrock? Is it a relative movement with
alternating directions, cf indications of block movements in Finland? Is it an absolute
movement for one region in relation to another, see results from the regional GPS
network? The need to study aseismic movements along deformation zones has been
presented in SR 97 as a future area of research. This will be an important area for future
SKB research.

7.2 Erosion

The Fennoscandinavian Shield is special. The region comprising Norway-Sweden-Finland
is one of the few areas where the dominant rock type at the ground surface comprises
"granite and gneissic rock types". Perhaps not much thought has been given to the reason
why this is so, since it is self-evident for us living in the region. To what degree is this
outcropping due to active (in a geological time frame) erosion? How much erosion can be
expected over the next million years? What is the extent of the average erosion during a
glaciation? The latter question can be answered by stating that it depends on the location.A
study by Lidmar-Bergstrom (1999) indicates that the glacial erosion during the last
glaciation did not have any significant influence on the landforms.

However, during a glaciation, significant, selective erosion can occur along subglacial
streams and where glacier outburst floods pass. The question is, how stable the subglacial
water transport pathways (channels) are with respect to their location? In areas dominated
by sedimentary rock, such as in the north of Germany (extremely flat area), the North Sea
and Baltic Sea, such erosion channels (incisions) are found (filled with soft sediment). The
dimensions of these channels can be 300-400 m in depth, one kilometer in width and up to
several tens of kilometers in length. We do not know of any such channel formations in the
bedrock of the Swedish mainland. However, the possibility that they exist cannot be
excluded as they can be filled with Quaternary or older sediments. In order to find out
more, data from the Swedish Geological Survey's archive on wells can be used to establish
the depth to the rock surface in a valley train. Erosion of intact, sound rock by more than
one or a couple of meters cannot be expected if the area has a low relief and low elevation
above sea level.

8. Uncertainties
The compilation of data and data uncertainties in connection with modelling of
radionuclide transport are treated in B. Uncertainty is defined as "a lack of knowledge" in
B.

Uncertainty can be described as a measure of the lack of general knowledge, information
and training about a particular topic, and also covers deficiencies in being able to describe
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the relationship between cause and effect. The latter can also be expressed as the inability
to be able to predict what will happen if a system is subjected to a particular influence.

The relationship between knowledge and uncertainty is complex and it is debatable
whether they are in fact the opposite of each other.

Uncertainty relating to certain types of data has been previously dealt with in the sections
where these data have been reviewed in general. A review of uncertainties relating to
modelling is provided below - from uncertainties in base data (input data) to uncertainties
in the model that has been developed.

8.1 Uncertainties Relating to Geological Primary Data

Uncertainty regarding the recording of geological data (primary data) may for instance
depend on the following:

• What are the adequate parameters that describe the structure or what is the property
of the structure that is to be investigated?

• What is the accuracy and precision with which the parameters can be described?
• What is the accuracy and precision of the location of the sample (especially in the

case of three-dimensional structures - is the position of particular importance)?
• What is the spatial distribution of the sampling points (is the sampling

representative)?
• What is the importance of the time sequence when sampling?

8.2 Uncertainties Relating to Geological Modelling

The evaluation of base data (parameter values obtained through sampling), namely
modelling, and the presentation of results can be affected by factors such as:

• handling of data (classification/grouping of data in relation to the resolution of the
base data)

• weighting of the importance of parameters
• sequence of data interpretation (how are parameters treated: separately, in a certain

order, simultaneously or interactively)
• limitations of the method/methods used to interpret data (including the scale

independence of structures)
• the interpretation work/modelling approach (such as interpretation procedures,

consequence in implementation, boundaries/limitations)
• reproducibility
• traceability of results
• influence of the interpreter on the interpretation results
• presentation of results (such as graphics and text).

Uncertainties relating to the model can be detected by the development of alternative,
independent models (see SKI, 1996, Tiren 1996). The question - where are the similarities
and differences between the repository site and the surrounding region? - highlights
uncertainties in the model.
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It is not evident from SR 97 how uncertainties relating to geological and structural
geological modelling have been handled.

Is the impact of the investigation on the measurement results taken into account? For
example, how do boreholes affect water transport in the rock? How great can this impact
be before it results in changes in the natural flow?

9. Summary and Conclusions
The safety of a repository can be summarized by two parameters relating to rock geology:

• isolation
• retardation.

"The rock contributes to isolation by providing a stable chemical and mechanical
environment for canisters and the buffer" (A).

Retardation "means that the time taken for the radionuclide to be transported from the
repository to the biosphere is delayed so that hazardous elements can decay considerably
before the radionuclides reach man or the environment" (A).

A third - hydrogeological - parameter must be added to those mentioned above, namely,
dilution which is not discussed here.

9.1 Isolation

The chemical environment that is important for repository safety is defined by the
groundwater chemistry. This topic is not dealt with here.

The function of the bedrock as mechanical protection has been studied from a seismic
perspective. Disturbances in the bedrock that are of an order of magnitude that will result
in damage to the repository in connection with earthquakes are considered to be
improbable.
Only a small share of crustal movements cause earthquakes (see above). The majority of
bedrock movements do not take the form of earthquakes. Will a repository be able to
withstand these movements and how can one ensure that such movements do not occur at a
repository site?

Movements along a fracture plane can have a shear component (movements along the
plane) and an extension/compression component (movements/load perpendicular to the
plane). Extension opens up structures, thereby increasing their capability to conduct water.
How are areas taken into account (classified) that, for instance, have a high frequency of
parallel fractures when the orientation of the principal horizontal stress is not well
determined and moreover uncertain? A change in the stress direction could imply a change
in the hydraulic conductivity of the rock. Could such changes occur in connection with a
glaciation? Transport pathways are treated below.
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9.2 Transport Pathways - Retardation

Radionuclides can migrate from a repository into the biosphere along planes of weakness
in the rock. The transit time depends on the water flow in the rock. The driving force for
groundwater transport is mainly gravitation and thereby related to topographical
differences in altitude (actually lateral differences in the groundwatersurface). This means
that the transport path is determined by the network of fractures and fracture zones in the
bedrock and the velocity of the groundwater in the rock is determined by the properties of
these structures along with groundwater formation and regional and local topographical
differences in altitude. In addition, the hydraulic conductivity of structures usually varies
along the length of the structure. Another retardation factor is the sorption of radionuclides
to the fracture and pore system of the rock. The extent to which this mechanism occurs is
dependent on the type of fracture mineral.

9.3 Late Adaptation to Site-specific Conditions

What does the statement "The KBS-3 system has a flexibility as regards repository depth
and layout which allows adaptation to site-specific conditions and to the information on
rock conditions which is continuously collected during site investigations and repository
excavation (italics added by author)" made in A (p. 445) mean? How large a deviation
from the original model is accepted? How large can the deviations become before SKB has
to inform the authorities concerned?

9.4 Basis for Site Selection
One of the purposes of SR 97 is to provide a basis for "specifying the factors that serve as
a basis for the selection of areas for site investigations". However, minor such explicit
specifications are provided. Instead it is stated that "these issues are treated and discussed
when the site selection programme is discussed". The reason given for this is that the site
investigation programme "includes more than the information sought by the safety
assessment" (A page 452).
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