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INTRODUCTORY COMMENT

This report is No IV, of four summarizing the pre-investigation phase of the Aspd Hard Rock
laboratory.

The reports are:

1 Stanfors R, Erlstrom M, Markstrom 1.
Aspo Hard Rock Laboratory
Overview of the investigations 1986-1990.
SKB TR 91-20.

1I Almén K- E, Zellman O.
Aspoé Hard Rock Laboratory
Field investigation methodology and instruments used in the pre-
investigation phase, 1986-1990.
SKB TR 91-21.

I Wikberg P, Gustafson G, Rhén I, Stanfors R.
Aspb Hard Rock Laboratory
Evaluation and conceptual modelling based on the pre-
invegations 1986-1990.
SKB TR 91-22,

v Gustafson G, Liedholm M, Rhén I, Stanfors R, Wikberg P.
Aspd Hard Rock Laboratory
Predictions prior to excavation and the process of their
validation.
SKB TR 91-23.

The background and objectives of the project are presented in a background report to SKB
R&D programme 1989 (Hard Rock Laboratory) where a detailed description of the HRL
project can be found.



ABSTRACT

In order to prepare for the siting and licensing of a spent fuel repository SKB decided to
construct a new underground research laboratory.

The pre-investigations for the Aspd Hard Rock Laboratory started in late 1986.
Intermediate reports on the investigations were published in 1988 and 1989. This report
presents those predictions made prior to excavation of the laboratory. These predictions
are based on data collected during the pre-investigations conducted between 1986 and
1990.

Comparisons between the predictions and observations will be made during excavation in

order to verify the reliability of the pre-investigations,

The predictions concern five key questions: geological structures, groundwater flow,
groundwater chemistry, transport of solutes and mechanical stability. These predictions
are made in three scales: site scale (100-1000 m), block scale (10-100 m) and detailed
scale (0-10 m).
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1.1

1.2

1.2.1

INTRODUCTION

Background

The Aspd Hard Rock Laboratory project is a rehearsal before the construction of a final
repository for high level waste in Sweden.

The plans for the Aspd Hard Rock Laboratory were initially presented inthe R& D
programme 1986 /SKB, 1986/. In that report it was stated that the laboratory should be
placed close to one of the nuclear power plants where exisiing services and the kind of
infrastructure needed for research already existed. Therefore investigations were first
carried out near the nuclear power facility at Simpevarp, Oskarshamn, Figure 1.1. SKB
found the island of Aspo to be suitable. Permits pursuant to the Act on the Conservation
of Natural Resources, the Planning and Building Code and the Act on Water Preservation
were obtained from the concerned authorities and excavation of the laboratory started in
October 1990.

The Aspd Hard Rock Laboratory is a continuation of the R&D effort developed during
the study-site investigations, at Finnsjon and in the international STRIPA project.

The goals and objectives of the HRL are discussed in SKB’s R&D Programme 89 /SKB
1989/. It should be noted that the site of the HRL will not be considered as a site for the
final repository.

Overview of the project
The project is basically divided into three main phases. The first phase comprises the
pre-investigations. The second phase is the excavation and construction of the laboratory

and the third the operating phase, see SKB, 1989.

The pre-investigation phase

Site characterization is a multi- and interdisciplinary task that necessitates coordination of
data acquisition, evaluation and presentation. In order to facilitate such coordination three
basic decisions were made for the site characterization of the Aspd HRL, see

Bickblom et al /1991/.

The first decision was to divide the investigations into stages. Evaluations have been
made and reported stage-by-stage. This provides an opportunity to record what has been
achieved and allows the investigators to co-interpret all data at every stage.

The second decision was to make conceptualizations on different geometrical scales, as it
was thought that this was appropriate for the planning of a real repository. The regional
scale >> 1000 m forms a basis for later detailed investigations and for selection of
suitable rock formations for a repository. The site scale, 100 - 1000 m will be used for
lay-out of a repository and for the far field evaluations in a siting application. The block
scale, 10 - 100 m, will be used for selection of canister positions and for near field
performance assessment. The very near field, 0 - 10 m, defines the zone near to the
buffer and canisters. It will also yield information on the so called "disturbed zone" that
develops close to the excavated rock. By using several geometric scales it is possible to
present both deterministically identified features and statistically defined properties in a
meaningful way and in reasonable detail. Thus on the site scale, structures and
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Figure 1.1 Aspé and environs




lithological bodies are localized whereas on the detailed scale, the properties of certain
rock units and their ranges of variation are shown based on statistical analyses.

The third decision was to designate five key questions of relevance for design and/or
performance assessment and/or safety assessment. The designated key questions are the
geological-structural model, groundwater flow, groundwater chemistry, transpost of
solutes and mechanical stability.

The first evaluation /Gustafson et al 1988/ comprised the result of the regional
investigations of geology, geohydrology and groundwater chemistry, a preliminary
evaluation of several target areas and a regional conceptual model. An important part of
the report was the initial geological prediction of Aspd made before results had been
obtained from any cored boreholes.

The second evaluation /Gustafson et al 1989/ made use of the regional conceptual model
in the above report to develop the first site-specific groundwater models. The report also
presents the result of the first three deep boreholes and conceptual models based on the
data. These conceptual models formed the basis of a new numerical groundwater flow
mode! which was later used to predict the outcome of a long-term pumping test
performed in 1989 and to calculate the impact the excavation of the laboratory will have
on the ambient groundwater situation.

The second drilling programme commenced in paralle] with the evaluation of the data
from the first three cored holes. The objective of the drilling of four additional cored
holes was to increase confidence in the existence and extention of indicated fracture
zones. However, the third investigation stage was extended much further than was
initially planned. This extension was required by the regulatory authorities for permits
and for changing the layout of the laboratory. The government decided that the project
should be reviewed under the Act on the Conservation of Natural Resources. In
connection herewith, SKB decided to reduce the environmental impact at Aspd by
starting the entrance tunnel from Simpevarp, see Figure 1.2, The extended target area
required further drillings and evaluations.

Figure 1.2 Schematic design of the Asps Hard Rock Laboratory.



Table 1.1

Tables 1.1 and 1.2 give an overview of the different investigations within the
project. A more detailed presentation of the investigation programme i3 given
in the document 1 of this series; Overview of the investigations 1986-1990
/Stanfors et al, 1991/. The objectives of the different investigations are also
presented in that report. The results are presented in document IT1 of this
series where the evaluation and conceptual modelling is also included
/Wikberg et al, 1991/, The field investigation metheds are presented in
document II of this series /Almén and Zellkman, 1991/

Overview of investigations for the Aspd HRL - Regional scale

Airborne geophysical survey (magnetic, EM, radiometric, VLF)
Gravity measurements (one station per km?)

Petrophysical measurements {density, susceptibility, IP, etc)
Interpretation of lineaments (LANDSAT, digital terrain models)
Mapping of solid rock

Characterization of main tectonic zones (mapping, ground geophysics)
General hydrology of the area

Regional analysis of well data and water chemistry

Compilation of geohydrological data from construction works in the area

The results of the investigations on the regional scale formed the basis for the
lithological-structural model of this scale. Inital models of hydraulic
conductivity and groundwater chemistry in the region was obtained.



Tabie 1.2

Overview of investigations for e Asps HRL - site scale

Detailed mapping and petrographic studies along cleaned trenches (1 600 m)

Detailed geophysical studies (VLF, resistivity, magnetic, radiometric, seismic
refraction, reflection)

Detailed study of ductile and brittle structures

Borehole investigations (20 percussion drilled holes, total length 2 200 m,

14 cored holes, total length 6 600 m)

- Lithology (detailed mapping, thin sections, modal and chemical analyses)

- Fractures (frequency, RQD, minerals, surface, relative and absolute
orientation)

- Geophysics (up to 13 geophysical logs)

- Rock stresses (hydraulic fracturing, overcoring, mechanical properties)

- Head monitoring in packed-off sections

- Hydraulic tests (air-lift tests every 100 m, 72 h pumping test, flow-meter
logging, packer tests in 3 m. Additional testing in 30 m sections in three
cored holes

- Interference tests

- Long-term pumping test (one month pumping, two months recovery)

- Dilution tests to measure ambient flow in cored holes

- Tracer tests (non-sorbing)

. Sampling of groundwater chemistry during air-lift tests, pumping tests and
sealed-off sections (full characterization in 10 points, including main
constituents, trace elements, stable and radioactive isotopes, organics and
gases).

The investigations on the site scale yielded in a first stage a preliminary 3-D
lithological-structural model of the Asp® island. Some of the main hydraulic
structures were identified and a mode! of the hydraulic conductivity
distribution was presented. A preliminary model of groundwater chemistry
was set up.

In a second stage a detailed 3-D lithological-structural model of the Aspt-
HA site was constructed. Geological, geohydrological and geohydrochemical
characterization of major fracture zones and the bedrock in between them
formed the basis for the detailed conceptual models of the Aspd rock mass,
see figure 1.3, including statistical distributions and test-scale dependence of
hydraulic conductivity.
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Figure 1.3 Target area for characterization. The full legend of the figure is found on
page A8.
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1.3

The construction and operating phase

Studies of alternative layouts of the underground portion of the laboratory
were performed during 1987. An inclined ramp was selected, /SKB, 1989/.
The main advantage of the ramp was good access to the rock to study the key
aspects. It is also convenient to transport bulky equipment on a tunnel ramp.

The excavation work started in October 1990. The first stage comprises
excavation to a depth of 330 m and raise-boring of shafts to the surface.
Renewed predictions will be made in 1992. Excavations will then proceed to
a depth of 500 m during 1993-1994.

The predictions will be checked continuously during the excavation of the
access ramp. The comparison between the prediction and the outcome will be
evaluated after 700 m, 1 475 m, 2 265 m, and 3 855 m of excavation.

An overview of activities during the Construction Phase and a preliminary
programme for the Operating Phase is presented in the R&D programme
/SKB, 1989/.

Overview of this report

Site characterization is a step-by-step procedure. Characterization can be done
prior to construction, during construction and after construction.

The first stage goal of the Aspé HRL project is to "Verify pre-investigation
methods" The approach adopted to reach this goal is to make predictions that
can be checked and evaluated in the next investigation phase. This report
summarizes the predictions that have been made prior to excavation of the
ramp and the process of their validation. For obtaining the background and
the basis for the predictions the reader is recommended to consult the other
reports of this series especially Wikberg et al, 1991.

Chapter 2 discusses the process of validation. Chapter 3 describes the process
of validation applied to this project. Chapter 4 gives the reader comments to
the predictions presented in appendices, which are organized in accordance
with a previous report /Béckblom et al 1990/.



2.1

2.2

2.3

THE PROCESS OF VALIDATION
Basic definitions

According to U.S.NRC JU.S.NRC, 1987/: "Validation: The process of
obtaining assurance that a model! as embodied in a computer program is a
correct representation of the process or system for which it is intended.
Ideally, validation is a comparison between predictions derived from the
model and empirical observation. However, as this is frequently impractical or
impossible owing to the large length and time scales involved in HLW
disposal, short term testing supported by other avenues of inquiry such as
peer review is used to obtain such assurance".

According to IAEA /IAEA-TECDOC-264, 1982/: "a conceptual model and
the computer code derived from it are validated when it is confirmed that the
conceptual model and the computer code provide a good representation of the
actual process occurring in the real system. Validation is thus carried out by
comparison of calculations with field observations and experimental measure-
ments".

According to the above definitions, validation comprises a comparison and a
judgement. To this can be added an analysis of the underlying processes. In
short the three elements of the process of validation are:

- A systematic comparison of prediction and outcome
- A scrutiny of the underlying structure and process
- A judgement whether the prediction is good encugh.

Before validation is carried out, the accuracy of the predictions can be
improved by calibration against known experiments or field measurements,

Modification and calibration
A computer model is a mathematical realisation of a conceptual model. In

order to test the model and to improve it, a calibration is run.

When agreement between the model results and the system responses is
deemed sufficiently good, the model is said to be calibrated against a certain
set of data.

Prediction

Prediction produces a set of calculation results that can later be compared to
the measured responses of the system. It should be noted, however, that
predictions are not only made by means of computer models, since the struc-
tural model, for instance, is a descriptive, qualitative model of the rock.



2.4

2.5

2.6

Comparison of prediction and outcome

As a first step in the validation process a systematic comparison of
predictions, with outcome shall be made.

Scrutiny of underlying structure and process

If prediction and outcome do not match, the reason for this may lie either in a
poor description of the geological structure or in a poor description of the
physical process or both, Even if the outcome matches the prediction, both
may have their flaws.

In a scrutiny of the geological structure, completeness is a critical aspect.
Based on pre-investigations, a set of features compatible with the geological
structure are defined.

In addition, the physical process model must be scrutinized in order to make
sure that the applied processes accurately describe the significant responses to
tests and experiments.

Peer review

The final judgement of whether a certain model is good enough follows
normally from the scientific process; results are published and those results
that stand the test of time are considered to represent some kind of scientific
truth, In the long run the results of the HRL project must undergo this test as

well,

A peer review is another method of obtaining a judgement of the goodness of
a model when the judgement is required in a limited time. Reports,
predictions and experimental results are submitted to a group of peers who,
after thorough analysis, render a judgement as to whether the models used are
good enough in terms of results and of what could reasonably be expected.



10

THE FRAMEWORK FOR VALIDATION WITHIN THE
ASPO HRL-PROJECT

The Aspo HRL-project has been structured with respect to time, scale and key
questions; a discretization of site investigations in distinct time-steps facili-
tates an integrated approach to calibration of structures and processes.

Evaluations of the site characterization on several geometric scales facilitates
a local presentation of data, models and evaluations that enable both the
general and detailed nature of a site to be outlined.

Data and models can be related to certain key questions that are relevant to
design, performance assessment and safety assessment of a final repository
for spent fuel, see Figure 3.1.

Regional Site Block Detailed

- 1

IRRRRR!

>> 1000 m 100 - 1000 m 10-100m 0-10m

Ty,
Mechanical Siability

Transport of solutes

~
Groundwater chemistry

Groundwater flow

™
Geological - Structural *
Mode!

LSubject Prediction Estimate Measured Validation
variable basis

Figure 3.1 Overview of geometric scales and key questions
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Investigation stages
Site characterization for a final repository can be divided into three parts:

- Pre-investigations from the surface and in boreholes prior to any
construction activities

- Investigations during excavation of a tunnel/shaft to a potential repository
level

- Investigations during construction of the repository.

These obvious stages are also applicable to the HRL project: pre-investiga-
tions, investigations during excavation and during the operating period of the
HRL.

The pre-investigation period has also been divided into three phases. Each
phase yields an integrated data set structured to different geometric scales.
These evaluated data sets have later served as the basis for appropriate
numerical models, mainly of groundwater flow. The first evaluation was
based on surface investigations, mainly on a regional scale. The second
integrated evaluation, on a 1 km? scale, was based on supplementary surface
data and three deep cored holes. This data set was also the basis for detailed
modelling of groundwater flow, including fracture network models, as well as
predictive modelling of a long-term pumping test.

The last phase of the investigations utilizes data from several cored holes,
interference tests and so on to establish the final predictions before con-
struction.

Prediction scales and their rationale

One of the features of the programme for the Aspé HRL is that predictions
are made on different scales for each step in the characterization. Appropriate
numerical models are applied where possible. It will thus later be possible to
determine how to assess the rock mass properties on different scales at
various steps in the site characterization programme. These assessments are of
importance as a basis for decisions on safety as well as for analysis of
repository design.

Characterization on a regional scale >> 1000 m forms a basis for the detailed
investigations. Assessment on a regional scale can be used to select a suitable
rock volume for the repository. Areas of ground water recharge and discharge
can be defined. The regional assessment will also provide a basis for long-
term predictions of where the discharge area can be in the future as well as
where potential zones of movement can be found.

The site scale characterization, 100-1000 m, can be used to locate major
fracture zones and/or major flow paths. These investigations are essential as
they will provide guidance in determining the depth the repository should be
located at as well as the potential repository volume. Characterization on this
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scale also defines the far-field groundwater flow through the repository and to
the biosphere,

Block scale assessment, 10-160 m, will be used to position deposition tunnels
and later to position the canisters, Essential assessments include the transport
of solutes from leaking canisters 10 major flow paths,

The detailed scale 0-10 m may be the most important scale, as properties on
this scale define the geohyvdrological, chemical and mechanical near-field of
the canisters. By proper selection of canister positions it will be possible to
influence the service life of (copper) canisters and the dissolution of the spent
fuel and transport and fixation of radionuclides,

This choice of geometric scales Is, however, more or less subjective.
Key questions

The key questions in the predictions are - on every scale - geological-
structural setting, groundwater flow, (groundwater) chemistry, transport of
solutes and mechanical stability.

The principle is depicted in Figure 3.1.

The geological-structural model incorporating structures on different scales
represents a simplification of the real physical medium. The geological model
forms the basis of all conceptual models of the geosphere, regardless of
processes. The geological model not only forms the basis of the conceptual
models, but is also of vital importance as decisions on the design of the
repository will be influenced by it. A repository volume will be selected to
avoid major fracture zones. Deposition tunnels and canisters will be
positioned to avoid the major flow paths, which may or may not be congruent
with the major fracture zones.

Groundwater flow is a key question, as it influences the service life of the

(copper) canisters and the dissolution of the spent fuel. The description of the
groundwater flow provides a necessary, but not sufficient, basis for
calculating the transport of nuclides from the repository to the biosphere
should the canisters fail.

Groundwater chemistry is a key question as it reflects the chemical situation
around a repository. The chemical situation influences the corrosion of the
canisters and the dissolution of the waste and provides a necessary, but not
sufficient, basis for calculating the transport of nuclides from the repository in
case the canisters fail.

Transport of solutes is a key question as it provides a necessary, but not
sufficient, basis for calculating radition doses, which represent the only hazard
to the environment from a sealed final repository.

Mechanical stability is of interest both in a short- and a long-term
perspective. Mechanical stability is a necessary condition during construction.
The long-term issue is to identify potential zones of movement, so that the
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repository and canisters will not be intersected by movements that may be
caused during e.g. a deglaciation. An assessment of the long-term mechanical
stability is as well needed as the prime function of the rock basically istw
provide a geohydrological and chemical stable environment,

Relevance

The predictions within the Aspd HRL project are made to test the quality of
our ability to interpret surface and drill-hole data into a structural description
of the bedrock and to use this structural information to describe eg the
groundwater flow in the area. Obviously, a full knowledge of every detail of
the bedrock or the movements of groundwater can never be gained. The
objective must be to achieve sufficient quality in the prediction of parameters
that are of relevance for the safety of a repository.

Demonstration of understanding

The safe disposal of radioactive waste requires that the protective capacity of
the repository is predicted over many thousands of years. Thus, the long term
performance can not be based solely on experiments or measurements over
the relatively short period of investigations, construction and operations.
Extrapolative methods must be used.

To ensure that good predictive methods are used, a thorough understanding of
the properties of the crystalline rock and the processes involved must be
achieved and demonstrated to the scientific community (eg in a peer review
process). Both investigations and predictions in HRL must, consequently, be
made in a broader context than just for the evaluation of repository
performance alone.

Assessment of repository performance and safety

The objective of performance assessment is to evaluate the long term
performance of barriers or subsystems that are of importance for confinement
of the radionuclides in the repository. This is normally the main input in site
comparison and design improvement.

In a safety assessment the integrated effect of the barriers is evaluated with
respect to the external conditions that can be encountered. Also the
confidence in {or uncertainty of) the predictions must be assessed. The results
must be evaluated in terms given in the acceptance criteria of society.

Decision sequence

Several times in the siting and design of a repository the available
information must be collected and decisions taken whether to continue the
work at a site or to abondon it. Although, at every stage the information is
incomplete, the database is successively expanded with every step.

During site reconnaissance potentially acceptable sites are selected on the
basis of available information regarding rock type, topography, block size etc.
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During the pre-investigations the available size of the site is established. The
general acceptability of the rock quality down to repository depth with respect
to homogeneity, fault spacing, geochemistry and water circulation is tested.
Regional outflow areas of the groundwater are established. The data allows a
conceptual layout of the repository to be defined, and large scale modelling of
groundwater flow can be made. The decision to continue the investigations at
the site is based on the predicted characteristics of the site and the potential
safety as interpreted by performance and safety assessments.

In the detailed geologic investigations explorations are made from a shaft or
an excavated drift to expected repository depth. If the general acceptability of
the rock-mass is confirmed, this further information is used for defining the
repository depth and identifying the areas in the site that are best suited for
the repository. The modelling of the groundwater circulation can be refined
with regard to fracture zones and hydraulic conductivities, and the large scale
regional flow paths for groundwater can be defined. The chemistry of the
rockmass, fracture filling materials and groundwater is verified. The decision
to continue to the next investigation phase is based on the predicted quality of
the rock mass, to serve as a suitable nearfield to deposition holes, as
interpreted by performance evaluations. Important factors are the
hydrochemical environment, the flow paths for the groundwater and the
homogeneity of the rock mass in the 100 m scale.

The excavation of access tunnels will be a furhter check of the acceptability
of the selected disposal-areas in the site. If good enough, the lay-out of the
deposition tunnels can be made, including also a general plan for the
construction of the repository, and for the ultimate plugging and sealing of
the tunnels and shafts. After this stage only a little more information
regarding the groundwater circulation can be expected, and the all-but final
model of the far-field flowpaths for the radionuclides can be made,
Information on the characteristics of the bedrock in contact with the canister
positions will be substantially greater at this stage, and a realistic description
of the coupling between the near field and the far field can be made.

Depending on the confidence in the description of the rockmass in the
repository area, a formal commitment to the site in the form of an application
of a siting license could be made at this stage or at the next one. Whenever
the application is made it must be accompanied by a formal Preliminary
Safety Report and an Environmenta! Impact Statement.

During the excavation of the disposal tunnels some adaption of the tunnel lay-
out to encountered rock quality is possible. The excavation will successively
provide better information of groundwater flow in the 10 m scale and detailed
information regarding the quality of the rock available for selecting positions
for the deposition holes. Hereby the hydraulic boundaries for the near field
can be defined for the calculation of nearfield transport. The above
excavations and long term monitoring of groundwater now allows a final
revision of safety assessments to be done.

At no stage decisions regarding siting or safety can be based on full
knowledge, and it is possible that sites regarded as suitable at an early phase
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must later be abondoned due to unexpected rock conditions, or a re-evaluation
of the overall safety requiremenis,

Reliability

The reliability of a prediction is generally very difficult to assess. Estimates
of reliability are based partly on siatistics regarding measured parameters and
their transformation into predicitions, and partly on experience; professional
judgement. Nevertheless, an effort has been made to estimate the reliability of
the predictions. A critical question is assessement of the degree of
completeness of the geological-structural model.

Adopted process for validation

The validation process adopted for the Aspd HRL project follows the
procedure described in section 2.

Predictions are presented in the appendices A, B and C. This report thus
summarizes the structural model on different scales and the predictions of
groundwater flow, groundwater chemistry, transport of solutes and mechanical
stability. Additional detailed predictions, basically concerning borehole
monitoring data is presented in a separate progress report /Rhén et al 1991/,

During construction, the geological structure will be mapped and the outcome
of the different detailed predictions will be evatuated. Comparisons will be
presented, as well as an analysis of the outcome.

Peer review will be used to judge whether the predictions are good enough.

Results will also be published in international journals, thereby providing an
opportunity for achieving a broad scientific consensus.



4.1

15

COMMENTS ON THE PREDICTIONS

The predictions appended to the report are structured 1o scales and key
questions. They are made in order to be sasily checked from the tunnel
during the excavation, The scientific backegrouad Is presented in a separate
report. fWikberg et al, 1991/,

On the site scale (500-1000 m) the predictions are divided into four parts:
700 - 1475 m, 1475 - 2265 m, 2263 - 3064 m, 3064 - 3854 m,

On the block scale (10-100 m), predictions are made for 10 blocks situated at
specified positions along the wnnel, The positions of the 10 blocks have been
selected mainly in the vicinity of existing boreholes.

On the detailed scale (1-10 m) the positions of the four 5 m boxes have been
selected on the basis of geological considerations as well,

Geological-structural model

The main purpose of the geological-structural prediction is to describe the
rock mass in the target area as regards vock distribution and structural pattern
and to estimate how different rock types and structures are likely to affect
water inflow rates and excavation stability,

In the following geological predictions, point estimates and confidence
intervals are deduced from sample data, but where samples are missing
professional judgement nas been used.

Predictions on & site scale are made in order to predict the position and
character of major fracture zones and the average mineral composition of the
main rock types.

The predicted positions of the major fracture zones (>Sm wide) are based on
geophysical measurements, geological field observations and borehole data,
The character of the fracture zones is estimated mainly from drill core,
mapping data and geophysical logging in boreholes. Confidence intervals are
estimated

The estimated distribution of the main rock types and number of rock
boundaries are based on a calculation of an average distribution of the
different rock types in dorsholes and on surface in the actual area.

Predictions on a block scale are made in order to describe and predict
different kinds of rock volumes as regard o rock distribution, minor fracture
zones and other structures.

The parameters predicted in the block scale are estimated mainly on data
from at least one cored borehole penetrating the actual block or the rock
volume close to the block,

Geological predictions on a detailed scale are made for the four most frequent
rock types observed in the target area: Sméaland granite, Aspd diorite, Fine-
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grained granite and Greenstone, The predictions are concentrated 0 minera-
logy, petrophysics and typical fracturing.

The blocks predicted on the detailed scals should mainly be regarded as
typical examples of the four most frequent rock types based on calculation of
the average mineralogical composition and fracture pattern of these rock types
in boreholes and outcrops in the target area. The positions of the predicted
blocks are based on information from boreholes which are penetrating the
block volume,

Groundwater flow
The main purpose of the groundwater flow calculations is to describe the
ambient groundwater flow in the bedrock and to predict its changes during

excavation. Any deviations between prediction and observation may then be
used to amend the description of the ambient situation.

Site scale (500m)

On the site scale, predictions are made of the hydraulic conductity of the
rockmass and the transmissivity of major water bearing zones. The hydraulic
conductivity for the tunnel section 700-1475 m is based on estimation of the
rock composition in this section and the relation between the lithology and
the hydraulic conductivity, see section 3.2 in Wikberg et al /1991/. The
variables and parameters predicted in section 700-1475 m must therefore be
considered to be more uncertain than those predicted on southern Aspd.

The 3-m packer tests in KAS 02, KAS 04-08 have been used for the other
site scale estimates. The calculated hydraulic conductivities for the packer
tests were grouped in depth interval and analyzed separately. The intervals
were:

Tunnel section (m) o Depth {m)
1475 - 2265 200 - 300
2265 - 3064 360 - 400
3064 - 3854 400 - 500

The hydraulic conductiviris were scaled up to 20 m blocks according to
Liedholm /1991/.

Typical predictions are inflow into the tannel and changes in pressure, flow
and salinity in boreholes. These calculations were performed by the
PHOENICS compuier code /Spalding, 1981, Svensson, 1991/, Steady-state
conditions are assumed for each calculated position along the tunnel. The
estimation of the pressure distribution and the inflow to the tunnel under
steady state conditions gives probably good approximations but the calculated
salinity values are uncertain, because the redistribution of the salinity is
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probably a slow process compared to the excavation of the HRL. The salinity
values should therefore be seen in a generic sense.

The following variables in the appendices A, B, C have been estimated by the
numerical model boundary conditions; pressure and, flux distribution, flow,
inflow to tunnel-zones, inflow to tunnel and salinity for tunnel legs, zone-
salinity and position of saline interface. The calculations are presented in
Svensson /1991/.

The distribution of the inflow of water along the tunnel is predicted. The
inflow has, however, been limited to a maximum of 3 I/s in any zone, as it is
anticipated that grouting will be performed at intersections with major
waterbearing structures.

The detailed predictions for boreholes etc are published in a separate Progress
Report /Rhén et al, 1991/,

Block scale (50 m),

The block scale predicticns are based on the hydraulic conductivity
distribution and the frequency distribution of conductive structures. The
distance between conductive structures has been estimated from the 3-m
packer tests in KAS 02-08. The general prediction is based on KASQ2,
KAS04-KASO08, see section 3.2 in Wikberg et al /1991/. Block P50-01 to
P50-03 are based on averages of P50-04 to P50-10.

Block P50-04 to P50-10 are based on analyses of the following boreholes
sections.

Block Rorehole Section

P50-04 KASOS 200 - 250 m
P50-05 KASO05 307 - 357 m
P50-06  Average of P50-06and P 50 - 07
P50-07 KAS 08 462 - 530 m
P50-08 KASO5 408 - 460 m
P50-09 KASO2 456 - 506 m
P50-10 XASO05 470 - 520 m

The hydraulic conductivity is based on the average of point estimates of the
hydraulic conductivity caiculated with different methods /Liedholm, 1991;32/
and it is scaled up to 20 m blocks according to Liedholm /1991;19/.

The flow distribution shown in flow in conductive structures have been
estimated with scoping calculations with a finite element model /Liedholm,

1991; /.
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Nl i;.i'ia pressure arpund conductive
\,iui{ ions, Axial flow 1y

g, =K a 1=K i

K= L 107 mfy

K, = effective hydranlic conductlvity of the disturbed zons

a= 10 - 200

1= 0.1 - | gradient close o zone

The pressure is estimaied from the pressure distribution around condusils
structures crossing the tnnel as calculated In the numercal model S‘g@pmg

calculations have been made of the flux in these structures and for axial flux
along the so called disturbed zone adjacent to the tunnel periphery.

Detailed scale {5 m),

The predictions on a detailed scale concern the hydraglic conductivity,
leakage characteristics and some propertiss of the disturbed zone, They are
made separately for the four rock types,

The hydraulic conductivity is sstimated feom the 3 m packer-tesis in KAS 02-
08 and are scaled up to 20 m blocks according to Liedholm /1991;19/. The
results from the packer-tests were divi i d in separate liological groups befors
the analysis and the regult is shown in detall in Liedholm /1991;29/,

Polnt leakage is based mainly on professional judgement but some indicarons
of the flow distribution on the tunns! periphery was also found in Axelsson et
al /1990/ (chapter 6, distribution of flux 1o fadividual panels) for Smiland
granite and fine-grained granite,

Hor the disturbed zone only scoping ca i ui@mm have been possible 10
perfom. The pressure distribution cuiside the disturbed zone is estimated from
the hydraulic conduetivity (K and ﬁ skinfactor (SK) with the formula
below,

1, =3 m tunnel radius
£y 7 m radius 1o measurement point

for the pressurs
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From the numerical model the average inflow ( I8 sstimated to be about 3
107 m¥s (no conductive zone) and the skin factor to be in the range of 0-10,
The geometrical mean value K is scaled up to an sffective hydraulic
conductivity with the scale factor b = 13, /Liedholm, 1991:19/,

The conductivity changes are estimated from the assumption thas the
excavation of the tunnel increases the povosity of the rock around the tunnel
periphery 10 a depth (d) of 1m, If the porosity 15 assumed 10 be 0,1%, the
sum of the fracture width in one direction 15 0,3 mm/m in a 3D case. The
unloading of the rockmass causes expansion into the tunnel, An expansion of
1-2 mm the tunnel implies a porosity increase to about 0,2-0,3%. The fracture
width perpendicular to the centre line of the tunnel sience increases 300-
600%. As the hydraulic conductivity of a fracture is dependent of the square
of the fracture width and the flow is dependent of cube of the fracture width
the arithmetic mean of the hydraunlic conductivity (K,) in the disturbed zone is
expected to increase 30-200 times. The porosity changes estimated above is
however very uncertain and the professional judgement is that the increase
may be in the range 10-200 times.

The conductivity change perpendicular to the tunnel axis (K) is calculated
from the assumption that the skin factor is in the range of 0-10 and that the
disturbed zone is 1 m,

Axial flow is estimated from K, X, and the inflow to the tunnel. The in-
flowrate per m” mnnel wall area (q) was estimated from the inflow to legs,
not intersected by a conductive zone, from the numerical model. Approximate
values for the upper and lower quartile was used as maximum and minimum
flowrates (2 10% - 2 - 107 m/s),

The axial flow was estimated with the formula.

2,4 (K KK,
K, is assumed to be equal 10 X,

Groundwater chemistry

The predictions of the groundwater chemistry ia the rock mass are focussed
on the composition of the water in water-conducting fracture zones and in the
different lithological units,

Site scale (500 m)

The chemical composition of the groundwater in the conductive fracture
zones is predicted. The content of Na*, X*, Ca*", Mg”, CI', HCO,, $O,* and
Fe™ is calculated by Principal Component Analyses, a multivariant procedure.
The data base for these calculations consists of the results from analyses of
groundwater in boreholes at Asps, c.f. section 3.3 in Wikberg et al /1991/,
The estimated range of variation is based on judgement,
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The difference between the caloulated cone ﬂtrmion and an indtally estimaied
one is equal to or smaller than the value (ﬁ ¢ yariation, For sulphate and
iron concentrations however, no estimates of the concantration could be mads,
Therefore the range of variation is estimated

The pH iz calculated on the basis of the concentrations of bicarbonate angd
calcite, assuming thai the water is saturated with respecy 1o caleite, The
saturation index for calcite i3 generally slightly above unity for the Aspd
groundwaters, This valoe is used for calculating the pH, The variation range
of pH is based on the difference between the pH value calcolated from the
calcite system and a pH-value calculated from g relation between the pH and
the potassium concentration [Eriksson, 1970/,

The Eh 15 calculated from the assumption that it is conivolled by e
conceniration of dissolved ferrous iron and ferric oxy-hydreoxide /Grenthe et al
71991/, Grenthe estimated the variation range to be 59 mV, This was based
on all the SKB-KBS measurements of Ih in dyfp groundwaters, The tange of
variation in the measured poteatials can be given here. It was found io be +25

mYy,

Tounnel section 700 - 1475 m

The groundwater composition predicted for EW-7, ME-4 and NE-3 i3 based
on the results of analyses from the borehole KBHO2, The hole is parallel 1o
the tunnel intersecting these fracture zones almost in the same position as the
tunnel.

Tunnel section 1475 - 2265 m

The NNW fracture system is 4 rechargs zone according to the pre-
investigations, see 3.3 in Wikberg et al /1991/, Therefore the concentrations
of main constituents are expected 10 be only half of the calculated ones,

Tunnel section 22635 - 3064 m

See section 1475 - 2265 m.

Tunnel section 3064 - 38354 m

See section 1475 - 2265 m.

Block gcale (30 m)

No specific predictions relating to the ten ditferent 50-m blocks cai
A general prediction relating to the redox conditions i made, s

(‘L‘
‘Z'D u

Detailed scale (5 a1

Specific characteristics of the groundwater in Smiland granite and Aspl
diorite are defined.
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The discharge of water into the tunnel will influence the hydeanlic station
and cause mixing of different types of water, Such mixing will canse
dissolution and precipitation of fracturs minecals in the vicinity of the tunnsl,
Furthermore, oxidation by the air in the tunnsl will {nfluence the nacow
fracture systems intersecting the tunnel These phenorena are predicied in g
semi-quantitative manner,

Transport of sohites

The predictions of solute transport involve the variaiion in groundwaler
chemistry in combination with the gechvdrological modelling, These
predictions concern only the natural tracers in the groundwater, salinity and
isotopes. The calculated saline interface with the numerical model should be
seen as generic modelling,

On a site scale, predictions are mainly limited 1o the locaiion of the interface
between fresh and saline water, Scoping calculations of low flow and arrival
times from borehole sections to tunnel are presented in 4 separate Progress
Report. /Rhen, et al, 1991/,

Mechanical stability

The predictions of mechanical properties are based malnly on data from rock
stress measurements in three boreholes and streagth parameters obtained from
laboratory tests on cores, Predictions of classifications of rock mass, rock
support and likely location and direction of potential future movemenis in
structures are based on the geological-structural modsl of the area,

ACCURACY AND CONFIDENCE IN THE PREDICTIONS

The predictions generally comprise both point estimates and a confidence
interval of the point estimate at a certain confidence level, The confidence
level is 95% unless otherwise stated. These poln: estimates and confidence
intervals are generally obtained from analyses of sample properties,
Sometimes subjective probability estimates are used to incorporate
professional judgements into the prediction. In this case an atiempt is made 10
identify and implement the probability distribution of the variable, Confidence
levels and intervals are then based on professional judgement. Rather than
obtaining an excessively wide interval for a 95% confidence lsvel, the level
of confidence is in these cased lowered, as indicated in the predictions.
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PREDICTIONS PRIOR TO EXCAVATION OF

THE ASPO HARD ROCK LABORATORY



TABLE OF MOTATIONS

C(t) Concentration as function of time

D Distance between conductive structures
dh/dn Hydraulic gradient

B Young’s modulus

Eh Redox potential

h Groundwater head

JRC Joint Roughness Coefficient

K Hydraulic conductivity

L Section in tunnel

Leg A specified tunnel stretch

M, Mean fracture length

Mo Mean for logK

\Y Poisson’s ratio

P Groundwater pressure

q Groundwater flux for specified parts
Q-system NGI tunnelling quality index

Qmx Inflow of groundwater at certain zones
Qr Total inflow of groundwater to tunne! and raises from section 700 m to given position

of tunnelfront

QL Measured inflow to a tunnel section (leg)
RMR Rock Mass Rating

RQD Rock Quality Designation

0 Density

Sigma, Uniaxial strength

Ly} Rock stress

Ssu Salinity of water in boreholes

Sex Salinity of water inflow to tunnel from zones
S. Salinity of water inflow to a tunnel leg
S, Standard deviation of fracture length
Siogx Standard deviation for logK

t Time

T Transmissivity

X,Y,Z Position in space

Index g Geometric mean

Index a Axial tunne! centre line

Index t Transversal tunne! centre line



I

LEGEND FOR LITHOLOGY AND STEREO NETS

Smaéaland granite (p< 2.65 g/cm3 ) -postorogenic rocks of granite-
granodiorite composition.

Aspé diorite (p~2.65-2.75 g/cm3 ) -postorogenic rocks of granodiorite-
diorite composition.

Greenstone (p > 2.75 g/cm3 ), fine-grained metavolcanic rocks of
unknown age and more coarse-grained, basic variant of the Aspé
diorite with a diorite-gabbroid composition.

Fine-grained granite - rocks of anorogenic or postorogenic age.

- Mylonite
- Pegmatite

Q
Triangle diagram for classification of the main rock
types based on their content of: Q = quartz, A =
& alkali feldspars and P = plagioclase
A P

Lower hemisphere equal area projection of fracture
sets and dykes.
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PREDICTIONS OF MECHANICAL STABILITY

Stability classes according to RMR (Rock Mass Rating)

Class RMR General stability conditions
A > 72 Instability of single blocks.
B 60 - 72 Instability of single blocks

which may progress to fail-
ure of the roof arch.

C 40 - 60 Instability in the roof. Both
large and small blocks will
be unstable.

D < 40 General instability in walls
and roof.

E < 40 As class D.
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APPENDIX A

PREDICTIONS IN SITE SCALE (500 m)



A2

Appendix A presents the predictions made to site scale. The predicted items for the different key issues
are presented on the next few pages, A3 - A7. The target area with fracture zones, and major water
bearing zones are presented on maps, A8 - A10.

Predictions on tunnel section

700 - 1475 m Al2 - A23
1475 - 2265 m A26 - A37
2265 - 3064 m A40 - AS1

3064 - 3854 m A54 - A65
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PREDICTIONS OF GEOLOGICAL - STRUCTURAL MODEL - SITE SCALE (500 m)

SUBJECT
Logical units

Different rock types

Rock boundaries

Rock mass description

Major fracture zones

Fracture system

PREDICTION

Position and extension
of lithological bodies

Number of positions of
rock boundaries

Position, strike, dip,

extension.

Width and character
RQD for crossings

(See detailed
5 m)

scale,

ESTIMATE

Maps of
100 m slabs &
in tunnel

Maps of
100 m slabs

L/leg %

RMR for
crossings
RQD

for crossings

MEASURED
VARIABLE

Rock contacts

Rock contacts

Rock
boundaries

RMR
and RQD for
crossings

VALIDATION
BASIS

Lithological
mapping

Lithological
mapping

Lithological
mapping

Pilot tunnel in-
vestigations
(crossings)



A4

PREDICTIONS OF GROUNDWATER FLOW - SITE SCALE (500 m)

SUBJECTY

Hydraulic

conductivity

Water bearing zones

Boundary conditions

Pressures

Flow

Flux distribution

Inflow to tunnel

Salinity

PREDICTION

Distribution of hyd-
raulic conductivity in
space

Positions and trans-
missivity of hydraulic
conductors

Head* or gradients at
model boundaries

Pressures* in per-
cussion and core
boreholes under natural
and disturbed condi-
tions

Total inflow to tunnel

Groundwater fluxes* at
natural and disturbed
conditions

Inflow from identified
zones F--F N

Inflow to tunnel legs

Salinity* in boreholes
and inflows to tunnels

ESTIMATE

K (x,y,2)

T (x,y,2)

h (x,y,2)
dh (x,y,z)
dn

p at x section
for t timesteps

q at sections
for t timesteps

Qg at x zones
for t timesteps

Q, for t time-
steps

Salinity for t
sections
SBH’SL

MEASURED
VARIABLE

Kx,y,2)

T, (x.y,2)

h (x,y,2)
dh (x,y,2)
dn

Qux

C@®

SBH

S,

* Detailed predictions for boreholes are reported in a separate Progress Report,

SKB PR 25-91-02.

VALIDATION
BASIS

Pilot hole in-
vestigations

Hydrogeological
mapping

Pilot hole in-
vestigations

Groundwater le-
vel observations

Pressure meas-
ured in boreholes
during construc-
tions

Total pumpage
from tunnel +
vapour transport

Dilution tracer
tests at different
borehole sections

Inflow measure-
ments in sections

Flow in sections

Salinity in bore-
hole sections and
inflow sections
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PREDICTIONS OF GROUNDWATER CHEMISTRY - SITE SCALE (500 m)

SUBJECT PREDICTION ESTIMATE MEASURED VALIDATION
VARIABLE BASIS

Zones Chemical properties of (Cl), (Eh), (Cl), (Eh), Measurement of
groundwater in fracture (pH), (Ca).. (pH), (Ca).. groundwater in
zones distribution distribution fracture zones
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PREDICTIONS OF TRANSPORT OF SOLUTES - SITE SCALE (500 m)

SUBJECT

Flow paths

Arrival time

Saline interface

Natural tracers

* Detailed predictions are presented in a separate Progress Report,
SKB PR 25-91-02.

PREDICTION

Flow trajectories* from
X points to the tunnel

(Scoping calculation)*

(Scoping calculation)*

(Scoping calculation)*

ESTIMATE

Input at x
points  give
inflow of tra-
cers at x!

C)

[C1] at diffe-
rent positions
(x,y,z) and
time steps

Isotopic signa-
ture at diffe-
rent positions
and time steps

MEASURED
VARIABLE

Points x!

C@)

[C1], electric
conductivity

%0, D, T
HCO,, SO,, K,

VALIDATION
BASIS

Tracer inflow to
tunnel

Tracer travel
time measure-
ments

Water samples in
boreholes and
tunnels

Water samples in
boreholes and

Ca, Mg, Na, St tunnels
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PREDICTIONS OF MECHANICAL STABILITY - SITE SCALE (500 m)

SUBJECT PREDICTION ESTIMATE MEASURED VALIDATION
VARIABLE  BASIS

Rock quality Rock Mass Rating RMR xRMR Mapping

Rock stress Vertical, horisontal Gyui, Oruass Ov  Optmins Opimas Oy DUESS  MEASUIE:
Stress ment

Long term stability Zones of potential Zones X,y,Z -

movement X,Y,Z -
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Fracture zone interpretation of the Simpevarp area
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Aspd Hard Rock Laboratory

C: \DGN\AS_STRUC.DGN May. 02, 1981 08: 16: 47

Fracture zone interpretation in the target area
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Aspb Hard Rock Laboratory - Fracture zone interpretation in the target area
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Major Water bearing zones in the target area as implemented into the numerical model
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Aspo Hard Rock Laboratory

90-11-29

Predictions of geological-structural model. Site scale.

Section:

700 - 1475 m

Simpevarp Halos

|||||||||||||||||| -0 m
=100 m
Fracture zone
(certain)
-200 m
= = . . Fracture zone
(probable)
~ — —. . Fracture zone -300 m
(possible)
Mgy Increased fracturing/
PSS alteration in wallrock -400 m
.. Hydraulic conductor
(certain)
= o = .. Hydraulic conductor '+ -500 m
(probable)
1/475
0/700 0/800 0/900 1/000 1/100 _.\hp_oo
| | 1 1
Major fracture T b ; 3
zones e & 3 ¥
Example block S Y
scale (50m) 50-01 50-02

Example deta- .. B[ .83 _.]|
iled scale (5m) (a0 P GroL

Notes
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PREDICTION OF GEOLOGICAL - STRUCTURAL MODEL
SITE SCALE (500 m)
700 - 1475 m

DISTRIBUTION (%) OF THE MAIN ROCK TYPES:

Smdiland granite = 25(+5)60%*
Aspd diorite = 50(+5)60%
Greenstone = 8(+2)60%
Fine-grained granite = 14(£3)65%
Mylonite-hybridized rock = 3(+£1)60%

ROCK BOUNDARIES ** (Nos/100 m):

10(x3)60%

MAJOR FRACTURE ZONES (Width >5 m):

ZONE EW.7 NE-4 NE-3 NE-1 EW-3

Position 920(£20 m)gyq 1230(£20 m)gyq
(centre of  755(20 m)gy, 810(20 m)gy, 960(£20 m)goq 1290(£20 m)gq 1410(220 m)gy,
zone)

Strike ENE NE NE NE ENE
Dip 65°S 65°SW T0°NW 65°NW 85°S
(£10)60% (£5)s0% {(£5)154, (25)154, E=)
Extension (m)<1000 >1000 >1000 >1000 <1000
Width (m) 10(£5)75 30(£5) 54
10(£5)s0% 50(£10)5  50(210);56  15(£5)ssq, 10(£5):54,
RQD for
crossings***
0-25 25% 50% 25% 25% 50%
25-50 50% 25% 50% 50% 50%
50-100 25% 25% 25% 25% -

*  Estimated level of certainty.

**  Veins less than approximately 0,5 m and the normally very diffuse contacts between the different
variants of the Sméland granite - Asp6 diorite excluded.

*** Some parts of the zones are probably rather fresh and less fractured.
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PREDICTION OF GROUNDWATER FLOW
SITE SCALE (500 m)
700 - 1475 m

HYDRAULIC CONDUCTIVITY*:

Scale: 20 m
Point estimate, geometric mean K, =14.10°m/s
95% confidence limits of geometric mean =7-10"2-1.10" m/s

Point estimate of sample standard deviation (logK) Siopx=1.1

WATER BEARING ZONES:

ZONE TRANSMISSIVITY
(m¥s)
Estimate Possible range
x 10° x 10°
EW-7 14 3-30
NE-4 35 5-50
NE-3 14 3-30
NE-1b** 15 4-40
NE-1a** 15 4-40
EW-3 0.05 0.01-0.1

* Based on rock composition estimate

** NE-1 is divided in two parts, a and b where NE-1b is the southern part



AlS

PREDICTION OF GROUNDWATER FLOW
SITE SCALE (500 m)
700-1475 m

BOUNDARY CONDITIONS:

Upper boundary

Sea - Constant head

Asps - Constant infiltration rate 3 mm/year except for a wetland in the centre of Asp®, which has a
constant head of +2 m

Vertical boundaries

Hydrostatic pressure distribution based on a salinity of 0.7% at sea surface and 1.8% at a depth of

1 300 m.

Lower horizontal boundary

Zero flux.

Waterlevel (m) for LEG 05

Tunnelfront = 1450 m, SKIN = 0

1050 1300 1550 1800 2050 2300 2550
I L L L L R R L L A L

8000 |- - 8000
—~ P ks
£ 7750 |- 7750
pa— -
Q .
X
S L

7500 |- Z57500

< L
. p -
o L 4
S
e - -
“g 7250 -4 7250
=z L ¥

7000 [ - 7000

6750 S NS Y S VA SO0 N NN U U VAN RN A N VU SN N U O S | o1 ¢ ¢ 1 1 tt 11 8750

1050 1300 1550 1800 2050 2300 2550

See SKB PR-25-91-03 Eastward, OKG, (m)
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PREDICTION OF GROUNDWATER FLOW
SITE SCALE (500 m)
700-1475 m

PRESSURE AND FLUX DISTRIBUTION:

In the pictures below the hydraulic head is shown (density of water = 1 000 kg/m?).
(See SKB PR 25-91-03).

Flux vector scale shall be multiplied with 10 to give correct flux (m/s). Vertical sections are shown
in the figure below.

Y ol O A O

=1
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(=]
o

7300

NORTHWARD (OKG)
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o
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7000

8500 8300

lllIIlL.llI]lL

8000 H It Il 1 ‘ L1 1 1 ] | 1 1 1 I L 1 1 1 l 1 1 1 l I L | 1 8000
500 1100 1800 2100 2600 3100

EASTWARD (OKG)

$

|

|
q

.
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i

-
iy
e
7

: 1000 m/a.
Vertical view of the section A (see above map for orientation). 1 ¢cm in the picture refers to 36 m in

the reality. Hydraulic head given in Pa is presented numerically in the legend. Tunnel in the centre of
the figure.
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PREDICTION OF GROUNDWATER FLOW
SITE SCALE (500 m)
700 - 1475 m

PRESSURE AND FLUX DISTRIBUTION:

Section A

Scale:
lecm=160

Hydraulic heac
in Pa

Section B

Scale:
lem=200n

Hydraulic heas
in Pa

8.7E+05
. 3E+05
.BE+05
.4E+05
3.0E+05

.6E+05
.5E+04

. 3E+05
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PREDICTION OF GROUNDWATER FLOW
SITE SCALE (500 m)

700 - 1475 m

FLOW:

Total cumulative inflow to tunnel section skin¥** = 0, Q; = 15 - 10° m%s
700-1475 m; skin*** = 10, Q, = 14 - 10°% m¥s

INFLOW TO TUNNEL: zones

ZONE SECTION*  SKINj**  INFLOW Qg (m%s) x 10°
(m) Skin*** =0  Skin*** = 10
NE-4 900 - 950 120
NE-3 950 - 990 0 } 3.2 32
NE-1b 1170 - 1200 80 2.4 2.3
NE-1a 1230 - 1270 80 2.3 2.3
EW-5 1380 - 1 440 0 1.9 1.5
EW-3 1450 - 1 480 0 0.2 0.048

* Approximate section for zone according to numerical model, SKB PR 25-91-03

ok Skin for zones, skin in zone is substantially increased in order to simulate grouting. Qg
maximized to approximatly 3.10° m%/s

*¥k  Skin for tunnel, zones excluded
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PREDICTION OF GROUNDWATER FLOW
SITE SCALE (500 m)
700 - 1475 m

INFLOW TO TUNNEL AND SALINITY: tunnel legs
LEG SECTION INFLOW Q, (m%/s) x SALINITY S, (%o)

NO (m) 10°
Skin* = 0 Skin* =10 Skin*= Skin* = 10
0
1 700-850%* 4.0 4.0 7.3 73
2 850-1000 4.1 4.0 7.2 7.2
3 1000-1150 0.06 0.03 7.2 7.2
4 1150-1300 4.7 4.7 7.3 7.3
5 1300-1450 1.9 1.5 75 15
6 1450-1600 0.07 0.02 7.8 7.4
* skin for tunnel, zones excluded

*ok outside model area, estimated inflow and salinity
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PREDICTION OF GROUNDWATER CHEMISTRY
SITE SCALE (500 m)

700 - 1475 m

ZONES:

CONDUCTIVE Na* K*' Ca* Mg* CI' HCO" SO Fe* pH Eh
ZONES mgl mgl mgl mgd mgl mgl mgl mgl - mV
BW-7 1700 36 410 190 2800 250 130 06 7.6 -290

100 £10 300  +30 £1400 10 50 0.6 0.6 140

NE-4 1800 35 410 190 2800 250 140 0.6 7.6  -290
$100 £15 350 £30 $1600 10 50 0.6 0.6 140

NE-3 1800 34 680 170 4500 280 170 06 73 -240
100 $10 250  +15 200 450 50 0.6 0.3 25

EW-X 1800 33 990 150 4800 290 180 06 72 -230
200 20 150 $70 1900 100 50 0.6 0.3 125

NE-1 1900 31 1200 150 5300 290 210 06 72 -230
200 20 4350 +80 1400 100 50 +0.6 0.3 25
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PREDICTION OF GROUNDWATER CHEMISTRY
SITE SCALE (500 m)
700 - 1475 m

ZONES: salinity

Salinity estimated with a numerical groundwater flow model, see SKB PR 25-91-03.

ZONE SECTION * Sex (o)
(m) Skin** = 0 Skin** = 10
NE-4 900 - 950
NE-3 050 . 990 } 73 73
NE-1b 1170 - 1200 73 73
NE-1a 1230- 1270 73 73
EW-5 1380 - 1 440 75 75
EW-3 1450 - 1 480 79 75

*  approximate section for zone according to numerical model

**¥  gkin for tunnel, zones excluded
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PREDICTION OF TRANSPORT OF SOLUTES
SITE SCALE (500 m)
700 - 1475 m

NORTHWARD (OKG)

SALINE INTERFACE:

In the pictures below the salinity field and the water fluxes are shown (SKB PR 25-91-03). Flux vector
scale shall be multiplied with 10™° to give correct flux (m/s). See prediction of groundwater flow, site
scale, pressures and flux distribution for definitions of sections.

Vertical

Scale
l1cm =250 m

Salinity in %

Section B

Scale:
lem=200m

Salinity in %
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PREDICTIONS OF MECHANICAL STABILITY

SITE SCALE (500 m)
700 - 1475 m

ROCK QUALITY:

The rock can be classified as Class A, B, C, D or E according to the "Evaluation of Rock Mechanics”
(SKB PR 25-90-08), where the classes correspond to different values of Rock Mass Rating (RMR).

The Rock Mass Rating is predicated to have the following distribution in this 500 m block:

Class A Class B Class C
RMR >72 RMR 60-72 RMR 40-60
20% 45% 30%
ROCK STRESS:

Predicted mean values for rock stresses along the tunnel.

Vertical stress o, = Depth x 0.0265 [MPa]

Maximum horizontal stress O o = 1.7-20x0, [MPa]
orientation = N30°W £15°

Minimum horizontal stress Oy, mn = 1.1 - 1.5 x 0, [MPa]
orientation = N60°E +15°

LONG TERM STABILITY:

Class D Class E
RMR <40 RMR <40
- 5%

Potential movements will be concentrated to existing clay filled fracture zones or major weakness
zones. Small changes in magnitude or orientation of the present horizontal stress field will be sufficient

for releasing movements in existing zones.
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PREDICTIONS IN SITE SCALE
SECTION 1475 - 2265 m
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PREDICTION OF GEOLOGICAL - STRUCTURAL MODEL
SITE SCALE (500 m)
1475 - 2265 m

DISTRIBUTION (%) OF THE MAIN ROCK TYPES:

Smaland granite = 25(£5)60%*
Aspb diorite = 50(£5)60%
Greenstone = 14(£3)60%
Fine-grained granite = 12(x3)75%
Mylonite-hybridized rock = 2(£1)60%

ROCK BOUNDARIES** (Nos/100 m);

9(£3)60%

MAJOR FRACTURE ZONES (Width >5 m):

ZONE NE-2
Position
(centre of 1740(£30 m)goq
zone)
Strike NE
Dip T5%(£5),54,

Extension (m) <1000

Width (m)
15(£5)s04
RQD for
crossings***
0-25 50%
25-50 50%
50-100

* Estimated level of certainty.

**  Veins less than approximately 0,5 m and the normally very diffuse contacts between the different
variants of the Smaland granite - Asp6 diorite excluded.

***  Some paris of the zones are probably rather fresh and less fractured.
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PREDICTION OF GROUNDWATER FLOW
SITE SCALE (500 m)
1475 - 2265 m

HYDRAULIC CONDUCTIVITY:

Scale: 20 m
Point estimate, geometric mean K, =16-10 * m/s
95% confidence limits of geometric mean =85:101-29.10° m/s

Point estimate of sample standard deviation (ogK) S,,x = 0.8

WATER BEARING ZONES:

ZONE TRANSMISSIVITY
(m?s)
Estimate Possible range

x 10° x 10°
EW-5* 2 0.2-4
NE-2 0.4 0.2-1
NNW-1** 1.5 0.5-2
NNW-2%** 8 2-10

* The zone is complex and consists probably of several parts. It may be found between 1550-
1700 m.

#*  The position of NNW-1 is uncertain and may consist of several zones. NNW-1 is expected to
be found between 1750-1850 m and possibly between 2250-2350.

*%k The position of NNW-2 is uncertain and may consist of several zones. NNW-2 is expected to
be found between 1850-1900 m and 2150-2200 m.
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PREDICTION OF GROUNDWATER FLOW
SITE SCALE (500 m)
1475 - 2265 m

BOUNDARY CONDITIONS:
Upper boundary
Sea - Constant head

Aspd - Constant infiltration rate 3 mm/year except for a wetland in the centre of Asp®, which has a
constant head of +2 m.

Vertical boundaries

Hydrostatic pressure distribution based on a salinity of 0.7% at sea surface and 1.8% at a depth of
1300 m.
Lower horizontai boundary

Zero flux,

Waterlevel (m) for LEG 11

Tunnelfront = 2345 m, SKIN = 0

1050 1300 1550 1800 2030 2300 2550
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PREDICTION OF GROUNDWATER FLOW
SITE SCALE (500 m)
1475 - 2265 m

PRESSURE AND FLUX DISTRIBUTION:
In the pictures below the hydraulic head is shown (density of water = 1 000 kg/m’)

Flux vector scale shall be multiplied with 10" to give correct flux (m/s). Vertical sections are shown
in the figure below.

B000 — J— — -—-'T 8000

-4
w
o
o

- 7500

NORTHWARD (OKG)

-4
[=]
1=}
o

7000

6500 8500

ll[lllllTII[]lIllI!ll

IIJ.illl.Ill._L_.L

amulltIIJlIIJIIIIIIJIlElI[lJlJI
600 1100 1800 2100 2800 3100

EASTWARD (OKG)

8000

A
s 17
0N
1
LR
8§
N
L

- i Ll

Vertical view of the section B (see above map for orientation). 1 cm in the picture refers to 36 m in
the reality. Hydraulic head given in Pa is presented numerically in the legend. Blue-spots are tunnel
positions.
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PREDICTION OF GROUNDWATER FLOW
SITE SCALE (500 m)
1475 - 2265 m

PRESSURE AND FLUX DISTRIBUTION:

L2EB+06

9.8E+05

: 6000 m/s.

3.0E+08
.8E+06
2.5E+06
2.3E+06
-1E+06
.9E+06
.6E+06
-4E+06
2BE+06
9.8E+05
.6E+05
.4E+05
.2B+05
.5E+04
.3E+05

—a : 3000 m/s

Section A

Scale:
lcm =160 m

Hydraulic head
in Pa

Section B

Scale:
lcm=200m

Hydraulic head
in Pa
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PREDICTION OF GROUNDWATER FLOW
SITE SCALE (500 m)
1475 - 2265 m

FLOW:

Total cumulative inflow to tunnel section skin*** = 0, Q; = 27.5 - 10® m%s
700-2265 m: skin*** = 10, Q; = 24.5 - 10 m%s

INFLOW TO TUNNEL: zones

ZONE SECTION* SKINgx** INFLOW Q;x (m%s) x 10°
(m) Skin***=0  Skin*** = 10
NE-4 900 - 950 120
NE-3 950 - 990 0 32 3.2
NE-1b 1170 - 1200 80 24 2.3
NE-1a 1230-1270 80 2.3 23
EW-5 1380 - 1 440 0 1.8 1.4
EW-3 1450 - 1 480 0 0.19 0.05
NNW-1 1770 - 1 800 0 4.2 1.4
NNW-2 1860 - 1 880 30 34 3.4
NNW-4 2030 -2 050 30 2.1 2.1
NNW-2 2190 -2210 30, 60 1.9 1.9
NNW-1 2 260 - 2 280 30 0.44 0.45
* approximate section for zone according to numerical model, SKB PR 25-91-03
ok skin for zones. Skin in zone is substantially increased in order to simulate grouting. Qg

maximized to approximatly 3 - 10° m%/s

Hdk skin for tunnel, zones excluded
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PREDICTION OF GROUNDWATER FLOW
SITE SCALE (500 m)
1475 - 2265 m

INFLOW TO TUNNEL AND SALINITY: tunnel legs

LEG  SECTION  INFLOW Q (m%s) x  SALINITY S, (%o)
NO (m) 10°
Skin* = 0 Skin* = 10 Skin* = Skin* = 10
0
1 700-850%* 4.0 4.0 7.3 7.3
2 850-1000 4.1 4.0 7.1 7.1
3 1000-1150 0.06 0.03 7.0 7.1
4 1150-1300 4.7 4.6 7.0 7.0
5 1300-1450 1.8 1.4 7.0 7.0
6 1450-1600 0.3 0.07 7.1 7.2
7 1600-1755 0.3 0.4 7.0 7.1
8 1755-1900 7.9 5.4 8.3 7.9
9 1900-2050 1.9 1.8 1.5 7.4
10 2050-2195 1.8 1.7 7.0 7.0
11 2195-2345 1.2 12 7.0 7.0

** outside model area, estimated inflow and salinity
*  skin for tunnel, zones excluded
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PREDICTION OF GROUNDWATER CHEMISTRY
SITE SCALE (500 m)
1475 - 2265 m

ZONES:

CONDUCTIVE Na®* K* Ca* Mg Ci HCO" SO} Fe* pH Eh
ZONES mg/l mgl mgl mgl mgh mgh mgl mgl = mV
NE-2 1200 5 1100 30 3800 70 140 03 77 -290

300 +£5 £300 430 1000 450 40 03 0.1  £25

EW-5 1300 5 1200 30 4100 70 150 03 7.8 -300
300 +5 4300 130 1800 +20 £50 0.3 02 125

NNW 500 5 400 30 1500 150 150 03 7.8 -300
200 5 £200 £30 +1000 450 150 03 0.2 25




A35

PREDICTION OF GROUNDWATER CHEMISTRY
SITE SCALE (500 m)
1475 - 2265 m

ZONES: salinity

Salinity estimated with a numerical groundwater flow model.

ZONE SECTION * Sex (%0)
(m) Skin** = 0 Skin** = 10
NE-4 900 - 950 |
NE-3 950 - 990 } 7.1 7.1
NE-1b 1170 - 1 200 7.0 7.0
NE-1a 1230 - 1270 7.0 7.0
EW-5 1380 - 1 440 7.0 7.0
EW-3 1 450 - 1 480 7.1 7.1
NNW-1 1770 - 1 800 8.7 8.6
NNW-2 1 860 - 1 880 7.8 7.8
NNW-4 2 030 - 2 050 7.4 7.3
NNW-2 2190 - 2 210 7.0 7.0
NNW-1 2 260 - 2 280 7.0 7.0

*  approximate section for zone according to numerical model

** gkin for tunnel, zones excluded
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PREDICTION OF TRANSPORT OF SOLUTES
SITE SCALE (500 m)
1475 - 2265 m

NORTHWARD (OKG)

SALINE INTERFACE:

In the pictures below the salinity field and the water fluxes are shown. Flux vector scale shall be
multiplied with 10 to give correct flux (m/s). See prediction of groundwater flow, site scale, pressures
and flux distribution for definitions of sections.

Vertical

Scale
l1cm =250 m

Salinity in %

Section B
Scale:
lcm =200 m

Salinity in %
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PREDICTIONS OF MECHANICAL STABILITY
SITE SCALE (500 m)
1475 - 2265 m

ROCK QUALITY:

The rock can be classified as Class A, B, C, D or E according to the "Evaluation of Rock Mechanics"
(SKB PR 25-90-08), where the classes correspond to different values of Rock Mass Rating (RMR).

The Rock Mass Rating is predicated to have the following distribution in this 500 m block:

Class A Class B Class C Class D Class E
RMR >72 RMR 60-72 RMR 40-60 RMR <40 RMR <40
35% 35% 25% 5% -

ROCK STRESS:
Predicted mean values for rock stresses along the tunnel.

Vertical stress o, = Depth x 0.0265 [MPa]

Maximum horizontal stress Oy, max = 1.6 - 1.7 x 0, [MPa]
orientation = N25°W £15°

Minimum horizontal stress Oy, mn = 0.8 - 0.9 x 6, [MPa]
orientation = N65°E £10°
LONG TERM STABILITY:
Potential movements will be concentrated to existing clay filled fracture zones or major weakness

zones. Small changes in magnitude or orientation of the present horizontal stress field will be sufficient
for releasing movements in existing zones.
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PREDICTIONS IN SITE SCALE
SECTION 2265 - 3064 m
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PREDICTION OF GEOLOGICAL - STRUCTURAL MODEL
SITE SCALE (500 m)
2265 - 3064 m

DISTRIBUTION (%) OF THE MAIN ROCK TYPES:

Smaland granite = 20(£5)60%
Aspb diorite = 56(£5)60%
Greenstone = 8(+£3)60%
Fine-grained granite = 14(x3)75%
Mylonite-hybridized rock = 2(£1)60%

ROCK BOUNDARIES** (Nos/100 m):

12(x3)60%

MAJOR FRACTURE ZONES (Width >5 m):

No indications within this section

* Estimated level of certainty.

*#  Veins less than approximately 0,5 m and the normally very diffuse contacts between the different
variants of the Smaland granite - Asp6 diorite excluded.

***  Some parts of the zones are probably rather fresh and less fractured.
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PREDICTION OF GROUNDWATER FLOW
SITE SCALE (500 m)
2265 - 3064 m

HYDRAULIC CONDUCTIVITY:

Scale: 20 m
Point estimate, geometric mean K, =20 10° m/s
95% confidence limits of geometric mean =1.1.10%-3.7 - 10° m/s

Point estimate of sample standard deviation (logK) S,.x = 0.8

WATER BEARING ZONES:

ZONE TRANSMISSIVITY
(m?/s)
Estimate Possible range
x 10° x 10°
NNW-1* 1.5 0.5-2
NNW-2** 4 2-6
EW-5k** 2 0.2-4

* The position of NNW-1 is uncertain and may consist of several zones. NNW-1 is expected to
be found between 2620-2720 m and possibly between 2250-2350 m.

**  The position of NNW-2 is uncertain and may consist of several zones. NNW-2 is expected to
be found between 2720-2780 m and 3030-3080 m.

*k% The zone is complex and consists probably of several parts. It may be found between 2500-
2900 m.
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PREDICTION OF GROUNDWATER FLOW
SITE SCALE (500 m)
2265 - 3064 m

BOUNDARY CONDITIONS:

Upper boundary

Sea - Constant head

Aspb - Constant infiltration rate 3 mm/year except for a wetland in the centre of Aspd, which has a
constant head of +2 m.

Vertical boundaries

Hydrostatic pressure distribution based on a salinity of 0.7% at sea surface and 1.8% at a depth of

1 300 m.

Lower horizontal boundary

Zero flux.

Waterlevel (m) for LEG 18

Tunnelfront = 3080 m, SKIN = 0

1050 1300 1550 1800 2050 2300 2550
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See SKB PR-25-91-03 Eostwqrd' OKG, (m)
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PREDICTION OF GROUNDWATER FLOW
SITE SCALE (500 m)
2265 - 3064

PRESSURE AND FLUX DISTRIBUTION:
In the pictures below the hydraulic head is shown (density of water = 1 000 kg/m?)

Flux vector scale shall be multiplied with 10" to give correct flux (m/s). Vertical sections are shown
in the figure below.
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7000 7000
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|
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L1 1 1 ‘ L1 1 1 I L1 1 1 l 11 1 1 I L1 1 | ] 11 1 a0oo0

0o 1100 1800 2100 2800 J100
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Vertical view of the section A (see above map for orientation). 1 cm in the picture refers to 36 m in

the reality. Hydraulic head given in Pa is presented numerically in the legend. Blue-spots are tunnel
positions.
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PREDICTION OF GROUNDWATER FLOW
SITE SCALE (500 m)
2265 - 3064 m

PRESSURE AND FLUX DISTRIBUTION:

Section A

Scale:
lcm =160 m

Hydraulic head
in Pa

Section B

Scale:
lem=200m

Hydraulic head
in Pa
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PREDICTION OF GROUNDWATER FLOW
SITE SCALE (500 m)
2265 - 3064 m

FLOW:

Total cumulative inflow to tunnel section skin*** = 0, Q; = 39 - 10° m*/s
700-3064 m + shaft: skin*** = 10, Q; = 36 - 10° m%s

INFLOW TO TUNNEL: zones

ZONE SECTION*  SKINg**  INFLOW Qg (m%s) x 10°
(m) Skin*** =  Skin*** = 10
0

NE-4 900 - 950 120

NE-3 950 - 990 0 } 32 3.2
NE-1b 1170 - 1 200 80 2.3 2.3
NE-la 1230 - 1270 80 2.3 2.3
EW-5 1380 - 1 440 0 1.7 1.3
EW-3 1 450 - 1 480 0 0.2 0.04
NNW-1 1770 - 1 800 0 3.6 12
NNW-2 1 860 - 1 880 30 3.1 3.1
NNW-4 2030 - 2 050 30 19 1.9
NNW-2 2190 - 2 210 30, 60 3.0 3.0
NNW-1 2 260 - 2 280 30 0.4 0.4
EW-5 2 450 - 2 510 0 3.1 3.2
NNW-1 2 640 - 2 660 30 0.8 0.8
NNW-2 2720 - 2750 80 2.0 19
NNW-4 2 860 - 2 940 30 2.8 2.8

* approximate section for zone according to numerical model

**  skin for zones. Skin in zone is substantially increased in order to simulate grouting. Qg
maximized to approximatly 3 - 10 m%/s

%%k gkin for tunnel, zones excluded
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PREDICTION OF GROUNDWATER CHEMISTRY
SITE SCALE (500 m)
2265 - 3064 m

ZONES:

CONDUCTIVE Na* K* Ca* Mg* CI' HCO° SO2* Fe* pH Eh
ZONES mgl mgl mgl mgl mgl mgl mgl mgl - mV

NNW 800 7 800 40 2500 170 120 0.3 77 =290
1300 5 +$300 +30 +1000 +70 80 +0.3 +0.3 125

EW-5 1600 12 1600 150 5200 60 230 0.3 7.7 -290
1200 5 200 £20 500 +10 80 03 0.2 25
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PREDICTION OF GROUNDWATER CHEMISTRY
SITE SCALE (500 m)
2265 - 3064 m

ZONES: salinity

Salinity estimated with a numerical groundwater flow model.

ZONE SECTION * Sex (%0)
(m) Skin** = 0 Skin** = 10
NE-4 900 - 950
NE-3 950 . 990 } 7.1 7.1
NE-1b 1170 - 1200 7.0 70
NE-1a 1230-1270 7.0 7.0
EW-5 1380 - 1 440 7.0 7.0
EW-3 1450 - 1 480 7.0 7.0
NNW-1 1770 - 1 800 75 7.0
NNW-2 1 860 - 1 880 7.0 7.0
NNW-4 2 030 - 2 050 7.0 7.0
NNW-2 2190 - 2 210 7.0 7.0
NNW-1 2 260 - 2 280 7.0 7.0
EW-5 2 450 - 2 510 77 78
NNW-1 2 640 - 2 660 113 110
NNW-2 2720 - 2750 8.9 9.2
NNW-4 2 860 - 2 940 82 8.3

*  approximate section for zone according to numerical model

** gkin for tunnel, zones excluded
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PREDICTION OF TRANSPORT OF SOLUTES
SITE SCALE (500 m)
2265 - 3064 m

NORTHWARD (OKG)

SALINE INTERFACE:

In the pictures below the salinity field and the water fluxes are shown (SKB PR 25-91-03). Flux vector
scale shall be multiplied with 10 to give correct flux (m/s). See prediction of groundwater flow, site
scale, pressures and flux distribution for definitions of sections.

Vertical

Scale
l1ecm =250 m

Salinity in %

Section B

Scale:
1cm =200 m

Salinity in %
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PREDICTIONS OF MECHANICAL STABILITY
SITE SCALE (500 m)
2265 - 3064 m

ROCK QUALITY:

The rock can be classified as Class A, B, C, D or E according to the "Evaluation of Rock Mechanics"
(SKB PR 25-90-08), where the classes correspond to different values of Rock Mass Rating (RMR).

The Rock Mass Rating is predicated to have the following distribution in this 500 m block:

Class A Class B Class C Class D Class E
RMR >72 RMR 60-72 RMR 40-60 RMR <40 RMR <40
20% 50% 20% 10% -

ROCK STRESS:

Predicted mean values for rock stresses along the tunnel.

Vertical stress o, = Depth x 0.0265 [MPa]

Maximum horizontal stress Oy ma = 1.2 - 1.4 x ©, [MPa]
orientation = N30°W %10°

Minimum horizontal stress Oy, mn = 0.6 - 0.8 x 0, [MPa]
orientation = N60°E +10°
LONG TERM STABILITY:
Potential movements will be concentrated to existing clay filled fracture zones or major weakness

zones. Small 3changes in magnitude or orientation of the present horizontal stress field will be
sufficient for releasing movements in existing zones.
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PREDICTIONS IN SITE SCALE
SECTIONS 3064 - 3854 m
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PREDICTION OF GEOLOGICAL - STRUCTURAL MODEL
SITE SCALE (500 m)
3064 - 3854 m

DISTRIBUTION (%) OF THE MAIN ROCK TYPES:

Sméland granite = 15(£5)60%*
Aspb diorite = 58(+5)60%
Greenstone = 9(£2)60%
Fine-grained granite = 16(£3)60%
Mylonite-hybridized rock = 2(£1)60%

ROCK BOUNDARIES** (Nos/100 m):

8(£3)60%

MAJOR FRACTURE ZONES:

ZONE NE-1
Position
(centre of 3985(£30 m)60%
zZone)
Strike NE
Dip 60°- 70°NW (£5)154

Extension (m) >1000

Width (m)

15(5)s0%
RQD for
crossings***
0-25 15%
25-50 20%
50-100 65%

* Estimated level of reliability.
#%  Veins less than approximately 0,5 m and the normally very diffuse contacts between the different

variants of the Smiland granite - Aspd diorite excluded.

*** Some parts of the zones are probably rather fresh and less fractured.
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PREDICTION OF GROUNDWATER FLOW
SITE SCALE (500 m)
3064-3854 m

HYDRAULIC CONDUCTIVITY:

Scale: 20 m
Point estimate, geometric mean K, =27-10 ® m/s
95% confidence limits of geometric mean =13.10°-59 - 10° m/s

Point estimate of sample standard deviation (logK) S = 1.0

WATER BEARING ZONES:

ZONE TRANSMISSIVITY
(m?¥s)
Estimate Possible range
x 10° x 10°
NE-1 4 1-10
NNW-1* 1.5 0.5-2

* The position 0 NNW-1 is uncertain and may consist of several zones. NNW-1 is expected to be
found between 3500-3600 m and possibly between 3150-3250.
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PREDICTION OF GROUNDWATER FLOW
SITE SCALE (500 m)
3064 - 3854 m

BOUNDARY CONDITIONS:
Upper boundary
Sea - Constant head

Aspo - Constant infiltration rate 3 mm/year except for a wetland in the centre of Aspd, which has a
constant head of +2 m.

Vertical boundaries

Hydrostatic pressure distribution based on a salinity of 0.7% at sea surface and 1.8% at a depth of
1 300 m.

Lower horizontal boundary

Zero flux.

Waterlevel (m) for LEG 24

Tunnelfront = 3830 m, SKIN = 0
1030 1300 1550 1800 2050 2300 2550
T T rrr+r T rrrrrrrr T T rr T r T T

8000 8000
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PREDICTION OF GROUNDWATER FLOW
SITE SCALE (500 m)
3064 - 3854 m

PRESSURE AND FLUX DISTRIBUTION:
In the pictures below the hydraulic head is shown (density of water = 1 000 kg/m®)

Flux vector scale shall be multiplied with 10" to give correct flux (m/s). Vertical sections are shown
in the figure below.
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Vertical view of the section A (see above map for orientation). 1 cm in the picture refers to 36 m in
the reality. Hydraulic head given in Pa is presented numerically in the legend. Blue-spots are tunnel
positions.
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PREDICTION OF GROUNDWATER FLOW
SITE SCALE (500 m)
3064 - 3854 m

PRESSURE AND FLUX DISTRIBUTION:

Section A

Scale:
l1cm =160 m

Hydraulic heac
in Pa

: 6000 m/s.

Section B

Scale:
lcm =200 n

Hydraulic heas
in Pa




A60

PREDICTION OF GROUNDWATER FLOW
SITE SCALE (500 m)
3064 - 3854 m

FLOW:
Total cumulative inflow to tunnel section skin*** = 0, Q; = 41.0 - 10 m%s
700-3854 m + shaft; skin*** = 10, Q; = 38.0 - 10 m%s
INFLOW TO TUNNEL: zones
ZONE SECTION’ SKIN."” INFLOW Q;x (m%s) x 10°
(m) (=)
Skin*** = ( Skin*** = 10
NE-4 900 - 950 120
NE-3 950 - 990 0 } 32 32
NE-1b 1170 -1 200 80 2.3 2.3
NE-1la 1230-1270 80 2.2 23
EW-5 1380 -1 440 0 1.6 1.3
EW-3 1450 -1 480 0 0.16 0.04
NNW-1 1770 - 1 800 0 32 1.1
NNW-2 1 860 - 1 880 30 3.0 3.0
NNwW-4 2 030 - 2 050 30 1.9 1.9
NNW-2 2190 -2 210 30,60 2.9 2.9
NNW-1 2 260 - 2 280 30 0.4 0.4
EW-5 2 450 - 2 510 0 2.7 2.8
NNW-1 2 640 - 2 660 30 0.7 0.8
NNW-2 2720-2750 80 2.0 1.9
NNwW-4 2 860 - 2 940 30 2.8 2.8
NNW-2 3040 - 3 100 80 23 2.3
NNW-1 3140-3 160 50 0.4 0.4
NNW-1 3520 -3 580 30 1.6 1.6
EW-5 shaft Z =350 - 390 20 14 1.5

* approximate section for zone according to numerical model

**  skin for zones, skin in zone is substantially increased in order to simulate grouting. Qg
maximized to approximatly 3 - 10° m%/s

*%*  gkin for tunnel, zones excluded
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PREDICTION OF GRCUNDWATER FLOW
SITE SCALE (500 m)
3064 - 3854 m

INFLOW TO TUNNEL AND SALINITY: tunnel legs
LEG SECTION INFLOW Q, (m’/s) x SALINITY S, (%o)

NO (m) 10°
Skin* = 0 Skin* =10 Skin*=0 Skin* =10
1 700-850** 4.0 4.0 7.3 7.3
2 850-1000 4.1 4.0 7.1 7.1
3 1000-1150 0.06 0.03 7.0 7.0
4 1150-1300 4.6 4.5 7.0 7.0
5 1300-1450 1.7 1.3 7.0 1.0
6 1450-1600 0.2 0.06 7.0 7.0
7 1600-1755 0.2 0.3 6.9 6.7
8 1755-1900 6.5 4.6 7.0 6.8
9 1900-2050 1.6 1.6 7.0 7.0
10 2050-2195 1.5 1.4 7.0 7.0
11 2195-2345 23 2.2 7.0 7.0
12 2345-2495 1.9 1.9 7.1 7.1
13 2495-2640 1.0 1.0 7.4 74
14 shaft z=0-222 0.02 0.01 7.0 6.9
15 shaft z=222-333 0.02 0.007 7.1 7.0
16 2640-2790 2.7 2.7 9.5 9.5
17 2790-2940 29 2.8 8.1 8.2
18 2940-3090 1.2 1.2 7.0 7.0
19 3090-3235 1.6 1.6 7.0 7.0
20 3235-3380 0.06 0.04 7.8 7.8
21 3380-3580 1.5 1.4 11.0 11.0
22 shaft z=333-444 1.5 1.5 11.0 11.0
23 3580-3854 0.2 0.2 9.4 9.4
24 shaft z=444-490 0.003 0.002 94 9.4

* skin for tunnel, zones excluded
**  outside model area, estimated inflow and salinity
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PREDICTION OF GROUNDWATER CHEMISTRY
SITE SCALE (500 m)

3064 - 3854 m

ZONES:

CONDUCTIVE Na* K* Ca»* Mg* CI HCO" SO* Fe*  pH Eh

ZONES mgl mgl mgl mgh mgl mgl mgl mgl - mV

NE-1 2000 8 2000 80 7000 14 320 0.3 8.0 -340
1500 5 800 20 12000 5 +80 03 0.5 125

NNW 1000 8 1000 50 3500 120 160 0.3 7.6 -290
1500 15 1500 20 +1000 +20 +80 103 02 25
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PREDICTION OF GROUNDWATER CHEMISTRY
SITE SCALE (500 m)
3064 - 3854 m

ZONES: salinity

Salinity estimated with a numerical groundwater flow model.

ZONE SECTION * Sex (%)
(m) Skin* = 0 Skin* = 10
NE-4 900 - 950
NE-3 950 . 990 } 7.1 7.1
NE-1b 1170 - 1200 7.0 7.0
NE-1a 1230 - 1270 70 7.0
EW-5 1380 - 1440 7.0 70
EW-3 1450 - 1480 7.0 7.0
NNW-1 1770 - 1 800 7.0 6.4
NNW-2 1860 - 1 880 7.0 7.0
NNW-4 2 030 - 2 050 7.0 70
NNW-2 2190 - 2 210 7.0 7.0
NNW-1 2 260 - 2 280 7.0 7.0
EW-5 2 450 - 2 510 72 72
NNW-1 2 640 - 2 660 10.4 9.6
NNW-2 2720 - 2750 9.2 9.4
NNW-4 2 860 - 2 940 8.1 8.2
NNW-2 3 040 - 3 100 7.0 7.0
NNW-1 3140 - 3 100 7.0 7.0
NNW-1 3520 - 3 580 108 107
EW-5 shaft 7 =350 - 390 8.1 8.1

*  approximate section for zone according to numerical model

** gkin for tunnel, zones excluded
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PREDICTION OF TRANSPORT OF SOLUTES
SITE SCALE (500 m)
3064 - 3854 m

NHORTHWARD (OKG)

SALINE INTERFACE:

In the pictures below the salinity field and the water fluxes are shown (SKB PR 25-91-03). Flux vector
scale shall be multiplied with 107° to give correct flux (m/s). See prediction of groundwater flow, site
scale, pressures and flux distribution for definitions of sections.

Vertical

Scale
lcm=250m

Salinity in %

o 000000
A\ M L S

L S S S S SR
7 m o, [! o

Section B

Scale:
lcm =200 m

Salinity in %
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PREDILT
SITE 5CA
3064 ;

ROCK QUALITY:

The rock can be classitied as Tlags A, B, €, D or B according to the "Fvaluation of Rock Mechanics”
(Ref. 25-90-08), whers the clagses correspond 1o different values of Rock Mass Rating (RMR),

The Rock Mass Rating is predicaied o have the following distributlon in this 300 m block:

Class A Class B Class {Class D Class B
RMR >72 BMR 60-72 RMR 40-60 RMR =40 RMR <40

50% 30% 10% 0% -

ROCK STRESS:

5

Predicted mean values for rock siresses along the fuansl,

Vertical stress ¢, = Depth x 0.0265 [MPa]
Maximum horizontal stress By war = 1.7 - 1.9 x 5, IMPa]

i

orlentation = N40°W £10°
Minimum horizontal stress Oy i = 0.9 ~ L2 x @, [MPa]
ovientation = MSO°H £10°
LONG TERM STABLLITY:
Potential movements will be concentated 1o existing clay filled fracture zones or major weakness

zones. Small changes in magnitude or orientation of the present horizontal stress fleld will be sufficient
for releasing movements in existing zones.
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APPENDIX B

PREDICTIONS IN BLOCK SCALE (50 m)
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Appendix B presents the predictions on block scale. The predicted items for the different key
issues are presented on the next few pages, B3- B7.

Predicted blocks

General B8 - B9
P50-01 B10 - B14
P50-02 B16 - B20
P50-03 B22 - B26
P50-04 B28 - B32
P50-05 B34 - B3§
P50-06 B40 - B4
P50-07 B46 - B50
P50-08 B52 - B56
P50-09 B58 - B62

P50-10 B64 - B68
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PREDICTIONS OF GEOLOGICAL - STRUCTURAL

MODEL
BLOCK SCALE (50 m)

SUBJECT PREDICTIONS ESTIMATE MEASURED VALIDATION
VARIABLE BASIS

For approximately 10 blocks situated on specified tunnel legs

Classification of zones and contacts within block, see site scale model

Rock composition Occurrence and %/50 m %/50 m Mapping
extension of
greenstone and
finegrained granite in

hostrock
Rock boundaries Number of rock Nos/50 m Nos Mapping
boundaries
Single open Occurence and Nos/50 m Nos/50 m Mapping
fractures orientation of single
open fractures with
water flow
Mylonite Occurence and Nos/50 m Nos/50 m Mapping

extension of mylonites

Minor fracture Occurence and Nos/50 m Nos/50 m Mapping
zones (width < 5 m) extension of fracture Width distr Width
zones, orientation Strike and dip  Strike and dip

Fracture system (See detailed scale, 5 m)
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PREDICTIONS OF GROUNDWATER FLOW
BLOCK SCALE (50 m)

SUBJECT

Conductive
structures

Flow in conductive
structures

Axial flow in
disturbed zone

PREDICTIONS

Frequency distribution
of conductive
structures

Inflow distribution
around identified
conductive structures
into side track drifts
(scoping calculations)

Pressure around
conductive structure
close to drift

Wall (scoping
calculations)

Axial flow (scoping
calculations)

ESTIMATE

Expected
distance
between
structures
with trans-
missivity
greater than T

MEASURED
VARIABLE

T-section

t, travel time
entry points

VALIDATION
BASIS

Pilot boreholes,
pressure build
up tests

Inflow mapping
and weir flow

Pressure
measurements in
pilote and core
boreholes

Tracer tests in
h-holes
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PREDICTIONS OF GROUNDWATER CHEMISTRY
BLOCK SCALE (50 m)

(See also site scale)

SUBJECT PREDICTIONS ESTIMATE MEASURED VALIDATION
VARIABLE BASIS

Quality changes Redox front - Analyses of Measurement of
redox sensitive components of
components groundwater in

boreholes
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PREDICTIONS OF TRANSPORT OF SOLUTES
BLOCK SCALE (50 m)

(Efforts concentrated to operation period)
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PREDICTIONS OF MECHANICAL STABILITY
BLOCK SCALE (50 m)

SUBJECT

Rock quality

Rock stress

Stability

PREDICTION

Rock Mass Rating

In situ stresses
- vertical stress

- max horizontal stress

- min horizontal stress

Block instability

ESTIMATE

RMR
GV
Oy, max

orientation

Oy, min
orientation

Mechanism of
failure

MEASURED
VARIABLE

RMR

o,

Oy max
orientation

Oy, min
orientation

No. of blocks

VALIDATION
BASIS

Mapping
Stress

measurements

Stress
measurements

Stress
measurements

Mapping
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PREDICTION OF GEOHYDROLOGY
BLOCK SCALE (50 m)
GENERAL PREDICTION

CONDUCTIVE STRUCTURES:

Point estimate of the geometric mean distance D, between structures with a transmissivity
greater than T for tunnel 700 - 3854 m. Confidence interval for point estimate given for a
confidence level of 95 %.

T D,

(m’/s) (m)
>3.10° 3(1.6 - 4.4)5s4,
>3 . 107 6(2.4 - 9.6)454,
>3.10° 55(0 - 350)gs4,

FLOW IN CONDUCTIVE STRUCTURES:

Inflow distribution:

Qmx = Q . 1 QU

Q/Qex =025

G -0z Nl B
) - o

AXTAL FLOW IN DISTRUBED ZONE:
Axial flow:
Axial flow along tunnel close to zone 1 - 100 * 10° myq

Pressure around conductive structure: D = 10 m

O py
Zone-grouted Pressure (Pa), g
x 10* < :

No 5- 50

Yes 50 - 200
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PREDICTION OF GROUNDWATER CHEMISTRY

BLOCK SCALE (50 m)
GENERAL PREDICTION

The entrance tunnel will reach Asp® at a depth of approximately 200 m. At that depth no
penetration of an oxidizing surface water is expected. However, if oxidizing water enters the
tunnel, it will be through the NNW fracture system.

At 500 m position of the entrance tunnel from Simpevarp the oxidation caused by the
penetration of oxidising surface water will be studied. At this position the depth of the tunnel
is approximately 70 m below the ground surface.
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Aspé Hard Rock Laboratory

Geological prediction

50 m scale P 50-01

Fine-grained
granite

0/950 Smaland

granite

Increased fracturing 1/000
(narrow fracture zones)
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PREDICTION OF GEOLOGICAL-STRUCTURAL
MODEL
BLOCK SCALE (50 m)

P50-01

ROCK COMPOSITION:
Smailand granite: = 15% (£5)¢0s, ~
Fine-grained granite: = 80% (£5)¢04
Hybridized-mylonitized: = 5% (£5)sa,

ROCK BOUNDARIES: "
T(£2)15%
SINGLE OPEN FRACTURES:™
2(21)goq
MYLONITE (incl narrow approx > 1 dm wide shear zones):
3(xD)gon
MINOR FRACTURE ZONES (width <5 m):
3(£1)gon
FRACTURE SYSTEM:

Orientation™"" (main fracture sets based on surface mapping on HAl6 and Asps and KBH02)

1. N 5°E/90° (x10°) 100%

2. N 65°W/I0°NE (£10°) 100%
N 65°W/35°NE (£10°) 100%

3. N 45°E/70°SE (x10°) 100%

4. N 75°Ef15°NNW (10°) 100%
N 75°E/25°SSE (£10°) 100%

*) Estimated level of certainty

*¥) Veins less than approximately 0.5 m and the normally very diffuse contacts between
the different variants of the Sméiland granite - Aspo diorite excluded.

*¥¥)  Persistent, several metres long fractures, mostly steep and estimated to be significant
hydraulic conductors.

**¥¥)  Dominant peaks of the fracture sets.
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PREDICTION OF GROUNDWATER FLOW
BLOCK SCALE (50 m)
P50-01

CONDUCTIVE STRUCTURES:

Point estimate of the geometric mean distance D, between structures with a transmissivity
greater that T for block P50-01.

T D,
(m?s) (m)
>3.10° 3(0-35)9s4,
> 3 * 10-7 6(0'60)95%

HYDRAULIC CONDUCTIVITY:

Point estimate of geometric mean of the hydraulic conductivity for P50-01, scale 20 m and
confidence limits on 95% level:

K, = 210%7.010™ - 4.410%)555 m/s
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PREDICTION OF MECHANICAL STABILITY
BLOCK SCALE (50 m)
P50-01

GENERAL CONDITIONS:

The 50 m blocks consists of ten 5 m cubes with different mechanical characteristics. The 5 m
cubes can be classified as Class A, B, C, D or E rock according to the "Evaluation of Rock
Mechanics" (SKB PR 25-90-08), where the different rock classes correspond to the following

RMR values:

Class A RMR>T72

B RMR 60-72
C RMR 40-60
D RMR <40
E RMR <40
ROCK QUALITY:

Rock mass classification:

The Rock Mass Rating is predicted to have the following distribution in this 50 m block:

Class A Class B Class C Class D Class E
RMR >72 RMR 60-72 RMR 40-60 RMR <40 RMR <40
5% 35% 40% 10% 10%
ROCK STRESS:

Predicted mean value for rock stresses in the 50 m block:

Vertical stress o, = Depth x 0.0265 [MPa]

Maximum horizontal stress Omu = 1.7-2.0x0, [MPa]
Orientation = N30°W115°

Minimum horizontal stress Oumn = 1.1-1.5x0, [MPa]
Orientation = N60°E+£15°
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PREDICTION OF MECHANICAL STABILITY
BLOCK SCALE (50 m)

P50-01
STABILITY:
Class A Outfall of single block 1-2 block per meter of
tunnel
Class B Outfall of single block 2-3 blocks per meter of
tunnel
Class C Instability in the roof Several blocks per meter
Outfall of blocks of tunnel
Class D General instability in roof and Overbreak > 30 cm if
walls normal drillpattern is
used (geological
overbreak)
Class E General instability in roof and Overbreak > 30 cm if
walls normal drillpattern is

used (geological
overbreak)
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Aspé Hard Rock Laboratory

Geological prediction

P 50-02

90 m scale

Greenstone

Shear-zone
Smaéland granite -

Kspé diorite

Fine-grained
granite

1/060

o
=i
o
~
-4

Increased fracturing
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PREDICTION OF GEOLOGICAL-STRUCTURAL
MODEL
BLOCK SCALE (50m)

P50-02
ROCK COMPOSITION:
Sméland granite: = 60% (£10)s05
Aspb diorite: = 30% (£10)e04
Greenstone: = 5% (£ 2)g09
Fine-grained granite: = 5% ( 2)sos,
ROCK BOUNDARIES:”
4(£2);54,

0#)

SINGLE OPEN FRACTURES:

2(£Deon

MYLONITE (incl narrow approx > 1 dm wide shear zones):

3(Deon

MINOR FRACTURE ZONES (width <5 m):

1(EDeox

FRACTURE SYSTEM:

Orientation”* (main fracture sets based on surface mapping on HAl6 and Aspd and KBH02)

1. N 5°E/90° (£10°) 100%

2. N 65°W/70°NE (£10°) 100%
N 65°W/35°NE (£10°) 100%

3. N 45°E/70°SE (£10°) 100%

4, N 75°E/15°NNW (£10°) 100%
N 75°E/25°SSE (£10°) 100%

*) Veins less than approximately 0.5 m and the normally very diffuse contacts between the
different variants of the Sméland granite - Aspd diorite excluded.

*+)  Persistent, several metres long fractures, mostly steep and estimated to be significant
hydraulic conductors.

*4%)  Dominant peaks of the fracture sets.
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PREDICTION OF GEOHYDROLOGY
BLOCK SCALE (50 m)
P50-02

CONDUCTIVE STRUCTURES:

Point estimate of the geometric mean distance D, between structures with a transmissivity
greater than T for block P50 - 02.

T D,
(m?/s) (m)
> 3 M 10-9 3(0'35)95%
>3.107 6(not available)

HYDRAULIC CONDUCTIVITY:

Point estimate of geometric mean of the hydraulic conductivity for P50-02.
scale 20 m:

K,=2:10° (92 10" - 5.6 - 10®)454 m/s
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PREDICTION OF MECHANICAL STABILITY
BLOCK SCALE (50 m)
PS0-02

GENERAL CONDITIONS:

The 50 m blocks consists of ten 5 m cubes with different mechanical characteristics. The 5 m
cubes can be classified as Class A, B, C, D or E rock according to the "Evaluation of Rock
Mechanics" (SKB PR 25-90-08), where the different rock classes correspond to the following

RMR values:

Class A RMR > 72

B RMR 60-72
C RMR 40-60
D RMR<40
E RMR<40
ROCK QUALITY:

Rock mass classification:

The Rock Mass Rating is predicted to have the following distribution in this 50 m block:

Class A Class B Class C Class D Class E
RMR >72 RMR 60-72 RMR 40-60 RMR <40 RMR <40
25% 35% 20% 20% -

ROCK STRESS:

Predicted mean value for rock stresses in the 50 m block:
Vertical stress o, = Depth x 0.0265 [MPa]

Maximum horizontal stress Ouma = 1.7-2.0x0, [MPa]
Orientation = N30°W+15°

Minimum horizontal stress Onmn = 1.1-1.5x0, [MPa]
Orientation = N60°E+15°
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PREDICTION OF MECHANICAL STABILITY
BLOCK SCALE (50 m)

P50-02

STABILITY:

Class A
Class B

Class C

Class D

Class E

Outfall of single block
Outfall of single block

Instability in the roof
Outfall of blocks

General instability in roof and
walls

General instability in roof and
walls

1-2 block per meter of
tunnel

2-3 blocks per meter of
tunnel

Several blocks per meter of
tunnel

Overbreak >30 cm if normal
drillpattern is used
(geological overbreak)

Overbreak >30 cm if normal
dillpattern is used
(geological overbreak)
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Aspo Hard Rock Laboratory

Geological prediction

P 50-03

scale

50 m

grained

te

Fine

i

gran

Greenstone

Pegmatite

Sméland granite -
Aspé diorite

Increased fracturing

o
-
i
e
i

1/220
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PREDICTION OF GEOLOGICAL-STRUCTURAL
MODEL

BLOCK SCALE (50 m)

P50-03

ROCK COMPOSITION:

Smaéland granite: = 20% (£10)g4
Aspb diorite: = 60% (£10)gs,
Greenstone: = 15% (£2)¢pq
Fine-grained granite: = 5% (£2)g4

ROCK BOUNDARIES:"
8(£2)r54
SINGLE OPEN FRACTURES:™
3(x1)ga
MYLONITE (incl narrow approx > 1 dm wide shear zones):
2(1)s0a
MINOR FRACTURE ZONES (width <5 m):
2(£1)s0m
FRACTURE SYSTEM:

Orientation™ (main fracture sets based on surface mapping on HAlé and Asp and KBH(2)

1. N 5°E/90° (£10°) 100%

2. N 65°W/70°NE (£10°) 100%
N 65°W/35°NE (£10°) 100%

3. N 45°E/70°SE (£10°) 100%

4. N 75°E/15°NNW (£10°) 100%
N 75°E/25°SSE (£10°) 100%

*) Veins less than approximately 0.5 m and the normally very diffuse contacts between the
different variants of the Sméland granite - Aspo diorite excluded.

*¥)  Persistent, several metres long fractures, mostly steep and estimated to be significant
hydraulic conductors.

**%)  Dominant peaks of the fracture sets.
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PREDICTION OF GEOHYDROLOGY
BLOCK SCALE (50 m)
P50-03

CONDUCTIVE STRUCTURES:

Point estimate of the geometric mean distance D, between structures with a transmissivity
greater than T for block P50 -03.

T D,
(m’/s) (m)
>3.10° 3(0-35)gss,
>3.107 6(not available)

HYDRAULIC CONDUCTIVITY:

Point estimate of geometric mean of the hydraulic conductivity for P50-03.
scale 20 m:

K, =2 10° (1.1 - 10° - 3.7 - 10%)g55 m/s
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PREDICTION OF MECHANICAL STABILITY
BLOCK SCALE (50 m)
P50-03

GENERAL CONDITIONS:

The 50 m blocks consists of ten 5 m cubes with different mechanical characteristics. The 5 m
cubes can be classified as Class A, B, C, D or E rock according to the "Evaluation of Rock
Mechanics” (SKB PR 25-90-08), where the different rock classes correspond to the following

RMR values:

Class A RMR > 72
B RMR 60-72
C RMR 40-60
D RMR < 40
E RMR < 40
ROCK QUALITY:

Rock mass classification:

The Rock Mass Rating is predicted to have the following distribution in this 50 m block:

Class A Class B Class C Class D Class E
RMR >72 RMR 60-72 RMR 40-60 RMR <40 RMR <40
30% 40% 20% 10% -

ROCK STRESS:
Predicted mean value for rock stresses in the 50 m block:
Vertical stress o, = x 0.0265 [MPa]

Maximum horizontal stress Oy = 1.7-2.0x0, [MPa]
Orientation = N30°W115°

Minimum horizontal stress O = 1.1-1.5x0, [MPa]
Orientation = N60°E+15°
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PREDICTION OF MECHANICAL STABILITY
BLOCK SCALE (50 m)

P50-03
STABILITY:
Class A Outfall of single block 1-2 block per meter of
tunnel
Class B Outfall of single block 2-3 blocks per meter of
tunnel
Class C Instability in the roof Several blocks per meter
Outfall of blocks of tunnel
Class D General instability in roof and Overbreak > 30 cm if
walls normal drillpattern is
used (geological
overbreak)
Class E General instability in roof and Overbreak > 30 cm if
walls normal drillpattern is
used (geological

overbreak)
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 Aspd Hard Rock Laboratory

Geological prediction

50 1 seale

P 50-04

Rock distribution

1/570

Fine-grained granite
Main orientation
of lenses and dykes

N

©
o /

Main fracture set

orientation

N

KAS0O5 200]

[:] 220 4

Tunnel section
1/576

240 -

Tunnel section
1/614

270

Main orientation
of greenstone dykes
and minor shear-zones
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PREDICTION OF GEOLOGICAL-STRUCTURAL
MODEL

BLOCK SCALE (50 m)

P50-04

ROCK COMPOSITION:

Sméland granite: = 15% (£5)s00

Aspb diorite: =25% (£5)e0s,

Greenstone: = 50% (£10)g0s,
(diorite-gabbro and fine-grained greenstone
partly hybridized)

Fine-grained granite: = 10% (£3)gos,

ROCK BOUNDARIES:"
6(x1)eoq

SINGLE OPEN FRACTURES:™
2(£1)g0s

MYLONITE (incl narrow approx > 1 dm wide shear zones):
5(21)g0q

MINOR FRACTURE ZONES (width < 5 m):
3(x1)60%

FRACTURE SYSTEM:

Dominating fracture infilling

Chlorite +++
Calcite ++
Epidote + (sealed)
Fe-oxyhydroxide ++
(hematite)

Clay minerals +

*) Veins less than approximately 0.5 m and the normally very diffuse contacts between the
different variants of the Sméland granite - Aspd diorite excluded.

*%)  Persistent, several metres long fractures, mostly steep and estimated to be significant
hydraulic conductors.
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PREDICTION OF GEOHYDROLOGY
BLOCK SCALE (50 m)
P50-04

CONDUCTIVE STRUCTURES:

Point estimate of the geometric mean distance D, between structures with a transmissivity
greater than T for block P50 - 04.

T D,
(m¥s) (m)

>3.10° 16(0-35)ys4

>3.107 24(0-130)g54,

HYDRAULIC CONDUCTIVITY:

Point estimate of geometric mean of the hydraulic conductivity for P50 - 04
scale 20 m:

K, =4-10° (2.0 - 10° - 7.0 - 10%)ys5 m/s
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PREDICTION OF MECHANICAL STABILITY
BLOCK SCALE (50 m)
P50-04

GENERAL CONDITIONS:

The 50 m blocks consists of ten 5 m cubes with different mechanical characteristics. The 5 m
cubes can be classified as Class A, B, C, D or E rock according to the "Evaluation of Rock
Mechanics" (SKB PR 25-90-08), where the different rock classes correspond to the following

RMR values:

Class A RMR > 72
B RMR 60-72
C RMR 40-60
D RMR < 40
E RMR < 40
ROCK QUALITY:

Rock mass classification:

The Rock Mass Rating is predicted to have the following distribution in this 50 m block:

Class A Class B Class C Class D Class E
RMR >72 RMR 60-72 RMR 40-60 RMR <40 RMR <40
- 20% 50% 20% 10%
ROCK STRESS:

Predicted mean value for rock stresses in the 50 m block:
Vertical stress o, = Depth x 0.0265 [MPa]

Maximum horizontal stress Opme = 1.5-1.9x0, [MPa]
Orientation = N25°W+15°

Minimum horizontal stress Oy min = 0.7-1.0x0, [MPa]
Orientation = N65°E+15°
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PREDICTION OF MECHANICAL STABILITY
BLOCK SCALE (50 m)

P50-04
STABILITY:
Class A Outfall of single block 1-2 block per meter of
tunnel
Class B Outfall of single block 2-3 blocks per meter of
tunnel
Class C Instability in the roof Several blocks per meter
Outfall of blocks of tunnel
Class D General instability in roof and Overbreak > 30 cm if
walls normal drillpattern is
used (geological
overbreak)
Class E General instability in roof and Overbreak > 30 cm if
walls normal drillpattern is

used (geological
overbreak)
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Aspd Hard Rock Laboratory

Geological prediction

“50 In scale P 50-05

Main fracture set
orientation

Rock distribution
N

KASO5 |
-320
a
Tunnel 'section
k27447
- 350
_2/4'72
2/422
Fine-grained granite Main orientation
Main orientation of greenstone dykes
of lenses and dykes and minor shear-zones

N N
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PREDICTION OF GEOLOGICAL-STRUCTURAL

MODEL
BLOCK SCALE (50 m)
P50-05
ROCK COMPOSITION:
$_ma1and granite: =20% (£5)¢0
Aspd diorite: = 60% (£5)s04
Greenstone: = 15% (£3)¢0%
(fine-grained hybridized and coarse-
grained diorite-gabbro with feldspar
phenocrysts)
Fine-grained granite: = 5% (£1)gq

ROCK BOUNDARIES:"

8(£2)s0%

SINGLE OPEN FRACTURES:™

2(+1)e%

MYLONITE (incl narrow approx > 1 dm wide shear zones):

3(21)son

MINOR FRACTURE ZONES (width <5 m):

3(£1sos

FRACTURE SYSTEM:

*)

**)

Dominating fracture infilling

Chlorite +++
Calcite ++
Epidote + (sealed)
Fe-oxyhydroxide +
(hematite)

Clay minerals +

Veins less than approximately 0.5 m and the normally very diffuse contacts between the
different variants of the Sméland granite - Aspd diorite excluded.

Persistent, several metres long fractures, mostly steep and estimated to be significant
hydraulic conductors.
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PREDICTION OF GEOHYDROLOGY
BLOCK SCALE (50 M)
P50-05

CONDUCTIVE STRUCTURES:

Point estimate of the geometric distance D, between structures with a transmissivity greater
than T for block P50 - 05.

T D,

(m?¥s) (m)
> 3 M 10-9 5(0‘15)95%
>3.107 7(0-15)954,

HYDRAULIC CONDUCTIVITY:

Point estimate of geometric mean of the hydraulic conductivity for P50 - 05
scale 20 m:

K, =7-10° (3.8 - 10° - 1.3 - 10%)y54 m/s
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PREDICTION OF MECHANICAL STABILITY
BLOCK SCALE (50 m)
P50-05

GENERAL CONDITIONS:

The 50 m blocks consists of ten 5 m cubes with different mechanical characteristics. The 5 m
cubes can be classified as Class A, B, C, D or E rock according to the "Evaluation of Rock
Mechanics" (SKB PR 25-90-08), where the different rock classes correspond to the following

RMR values:

Class A RMR > 72
B RMR 60-72
C RMR 40-60
D RMR < 40
E RMR < 40
ROCK QUALITY:

Rock mass classification:

The Rock Mass Rating is predicted to have the following distribution in this 50 m block:

Class A Class B Class C Class D Class E
RMR >72 RMR 60-72 RMR 40-60 RMR <40 RMR <40
20% 50% 20% 10% -

ROCK STRESS:

Predicted mean value for rock stresses in the 50 m block:
Vertical stress o, = x 0.0265 [MPa]

Maximum horizontal stress Opmu = 1.2-1.7x0, [MPa]
Orientation = N35°W+15°

Minimum horizontal stress Oimn = 0.5-0.8x0, [MPa]
Orientation = N55°E+15°
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PREDICTION OF MECHANICAL STABILITY
BLOCK SCALE (50 m)

P50-01
STABILITY:

Class A

Class B

Class C

Class D

Class E

Outfall of single block

Outfall of single block

Instability in the roof
Outfall of blocks

General instability in roof and
walls

General instability in roof and
walls

1-2 block per meter of
tunnel

2-3 blocks per meter of
tunnel

Several blocks per meter
of tunnel

Overbreak > 30 cm if
normal drillpattern is
used (geological
overbreak)

Overbreak > 30 cm if
normal drillpattern is
used (geological
overbreak)
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Aspd Hard Rock Laboratory

Geological prediction

50 m scale P 50-06
) Main fracture set
Rock distribution orientation
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N




B41

PREDICTION OF GEOLOGICAL-STRUCTURAL
MODEL
BLOCK SCALE (50 m)

P50-06

ROCK COMPOSITION:
Sméland granite: = 25% (£10)c05
Asp6 diorite: = 50% (£10)os,
Greenstone: = 10% (£3)eos,
Fine-grained granite: = 15% (£3)so%

ROCK BOUNDARIES:"
6(2)604
SINGLE OPEN FRACTURES:"
3(x1)ge%
MYLONITE (incl narrow approx > 1 dm wide shear zones):
3(xD)eon
MINOR FRACTURE ZONES (width <5 m):
3(1)os
FRACTURE SYSTEM:

Dominating fracture infilling

Chlorite +++
Calcite ++
Epidote ++
Fe-oxyhydroxide +
(hematite)

Clay minerals +

*) Veins less than approximately 0.5 m and the normally very diffuse contacts between the
different variants of the Sméland granite - Aspd diorite excluded.

**)  Persistent, several metres long fractures, mostly steep and estimated to be significant
hydraulic conductors.



B42

PREDICTION OF GEOHYDROLOGY
BLOCK SCALE (50 m)
P50-06

CONDUCTIVE STRUCTURES:

Point estimate of the geometric mean distance D, between structures with a transmissivity
greater than T for block P50 - 06.

T D,
(m?/s) (m)
>3.10° 7(0-20)ys4,
>3.107 18(0-435)qs4,

HYDRAULIC CONDUCTIVITY:

Point estimate of geometric mean of the hydraulic conductivity for P50 - 06
scale 20 m:

K, =3 10° (1.5 - 10° - 5.0 - 10%)54 m/s
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PREDICTION OF MECHANICAL STABILITY
BLOCK SCALE (50 m)
P50-06

GENERAL CONDITIONS:

The 50 m blocks consists of ten 5 m cubes with different mechanical characteristics. The 5 m
cubes can be classified as Class A, B, C, D or E rock according to the "Evaluation of Rock
Mechanics" (SKB PR 25-90-08), where the different rock classes correspond to the following

RMR values:

Class A RMR > 72
B RMR 60-72
C RMR 40-60
D RMR < 40
E RMR < 40
ROCK QUALITY:

Rock mass classification:

The Rock Mass Rating is predicted to have the following distribution in this 50 m block:

Class A Class B Class C Class D Class E
RMR >72 RMR 60-72 RMR 40-60 RMR <40 RMR <40
30% 40% 20% 10% -

ROCK STRESS:

Predicted mean value for rock stresses in the 50 m block:

Vertical stress o, = Depth x 0.0265 [MPa]

Maximum horizontal stress Ohma = 1.2-1.7x0, [MPa]
Orientation = N35°W+15°

Minimum horizontal stress Oy = 0.5-0.8x0, [MPa]
Orientation = N55°E+15°
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PREDICTION OF MECHANICAL STABILITY
BLOCK SCALE (50 m)

P50-06
STABILITY:
Class A Outfall of single block 1-2 block per meter of
tunnel
Class B Outfall of single block 2-3 blocks per meter of
tunnel
Class C Instability in the roof Several blocks per meter
Outfall of blocks of tunnel
Class D General instability in roof and Overbreak > 30 cm if
walls normal drillpattern is
used (geological
overbreak)
Class E General instability in roof and Overbreak > 30 cm if
walls normal drillpattern is
used (geological

overbreak)
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Aspd Hard Rock Laboratory

Geological prediction

50 m scale P 50-07

' Main fracture set
Rock distribution orientation

KASO8

480

a

Tunnel section# 500
3/051 /
’/(530
L
3/076
3/026
Fine-grained granite Main orientation
Main orientation of greenstone dykes

of lenses and dykes and minor shear-zones
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PREDICTION OF GEOLOGICAL-STRUCTURAL

MODEL
BLOCK SCALE (50 m)

P50-07
ROCK COMPOSITION:
Smaéland granite: =25% (£5)¢04
Aspb diorite: = 65% (£5)¢0%,
Greenstone: = 5% (£1)gq
Fine-grained granite: = 5% (21)gq
ROCK BOUNDARIES:"
8(12)60

SINGLE OPEN FRACTURES:™
2(x1)g%

MYLONITE (incl narrow approx > 1 dm wide shear zones):
4(21)s0%

MINOR FRACTURE ZONES (width <5 m):
3(x1)gos

FRACTURE SYSTEM:

Dominating fracture infilling

Chlorite +++
Calcite ++
Epidote +
Fe-oxyhydroxide +
(hematite)

Clay minerals +

*) Veins less than approximately 0.5 m and the normally very diffuse contacts between the
different variants of the Sméland granite - Aspb diorite excluded.

*¥)  Persistent, several metres long fractures, mostly steep and estimated to be significant
hydraulic conductors.
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PREDICTION OF GEOHYDROLOGY
BLOCK SCALE (50 m)
P50-07

CONDUCTIVE STRUCTURES:

Point estimate of the geometric mean distance D, between structures with a transmissivity
greater than T for block P50 - 07.

T D,

(m¥s) (m)
>3-.10° 10(0-20)54,
>3.107 30(0-435)gs5,

HYDRAULIC CONDUCTIVITY:

Point estimate of geometric mean of the hydraulic conductivity for P50 - 07
scale 20 m:

K, =1-10° (8.1 10" - 2.7 - 10%)5, m/s



B49

PREDICTION OF MECHANICAL STABILITY
BLOCK SCALE (50 m)
P50-07

GENERAL CONDITIONS:

The 50 m blocks consists of ten 5 m cubes with different mechanical characteristics. The 5 m
cubes can be classified as Class A, B, C, D or E rock according to the "Evaluation of Rock
Mechanics" (SKB PR 25-90-08), where the different rock classes correspond to the following

RMR values:

Class A RMR > 72
B RMR 60-72
C RMR 40-60
D RMR < 40
E RMR < 40
ROCK QUALITY:

Rock mass classification:

The Rock Mass Rating is predicted to have the following distribution in this 50 m block:

Class A Class B Class C Class D Class E
RMR >72 RMR 60-72 RMR 40-60 RMR <40 RMR <40
40% 40% 10% 10% -

ROCK STRESS:

Predicted mean value for rock stresses in the 50 m block:
Vertical stress o, = Depth x 0.0265 [MPa]

Maximum horizontal stress Omux = 1.2-1.7x0, [MPa]
Orientation = N35°Wt15°

Minimum horizontal stress Ofgmn = 0.5-0.8x0, [MPa]
Orientation = N55°E+15°
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PREDICTION OF MECHANICAL STABILITY
BLOCK SCALE (50 m)

P50-07
STABILITY:
Class A Outfall of single block 1-2 block per meter of
tunnel
Class B Outfall of single block 2-3 blocks per meter of
tunnel
Class C Instability in the roof Several blocks per meter
Outfall of blocks of tunnel
Class D General instability in roof and Overbreak > 30 cm if
walls normal drillpattern is
used (geological
overbreak)
Class E General instability in roof and Overbreak > 30 cm if
walls normal drillpattern is

used (geological
overbreak)
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Aspd Hard Rock Laboratory

Geological prediction
50 m scale P 50-08
Main fracture set
orientation

Rock distribution
N

KASO5[
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<

Tunnel section
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Fine-grained granite Main orientation
Main orientation of greenstone dykes
of lenses and dykes and minor shear-zones
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PREDICTION OF GEOLOGICAL-STRUCTURAL
MODEL
BLOCK SCALE (50 m)

P50-08
ROCK COMPOSITION:
Sméland granite: = 15% (£10)5,
Aspd diorite: = 75% (£10),
Greenstone: = 5% (2)eox,
Fine-grained granite: = 5% (Deos
ROCK BOUNDARIES:"
5(xDsos

tl)

SINGLE OPEN FRACTURES:
2(x1)e%

MYLONITE (incl narrow approx > 1 dm wide shear zones):
2(2Deon

MINOR FRACTURE ZONES (width <5 m):
2(1)gom

FRACTURE SYSTEM:

Dominating fracture infilling

Chlorite +++
Calcite ++
Epidote +
Fe-oxyhydroxide +
(hematite)

Clay minerals +

*) Veins less than approximately 0.5 m and the normally very diffuse contacts between the
different variants of the Sméland granite - Aspd diorite excluded.

*¥)  Persistent, several metres long fractures, mostly steep and estimated to be significant
hydraulic conductors.
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PREDICTION OF GEOHYDROLOGY
BLOCK SCALE (50 M)
P50-08

CONDUCTIVE STRUCTURES:

Point estimate of the geometric mean distance D, between structures with a transmissivity
greater than T for block P50 - 08.

T D,
(m¥s) (m)
>3.10° 8(0-20)ys4,
>3.107 8(0-20)ys4,

HYDRAULIC CONDUCTIVITY:

Point estimate of geometric mean of the hydraulic conductivity for P50 - 08
scale 20 m:

K, =3-10° (15 10° - 6.6 - 10°)y55 m/s
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PREDICTION OF MECHANICAL STABILITY
BLOCK SCALE (50 m)
P50-08

GENERAL CONDITIONS:

The 50 m blocks consists of ten 5 m cubes with different mechanical characteristics. The 5 m
cubes can be classified as Class A, B, C, D or E rock according to the "Evaluation of Rock
Mechanics" (SKB PR 25-90-08), where the different rock classes correspond to the following

RMR values:

Class A RMR > 72
B RMR 60-72
C RMR 40-60
D RMR < 40
E RMR < 40
ROCK QUALITY:

Rock mass classification:

The Rock Mass Rating is predicted to have the following distribution in this 50 m block:

Class A Class B Class C Class D Class E
RMR >72 RMR 60-72 RMR 40-60 RMR <40 RMR <40
40% 60% - - -

ROCK STRESS:
Predicted mean value for rock stresses in the 50 m block:

Vertical stress g, = Depth x 0.0265 [MPa]

Maximum horizontal stress Opma = 1.6-2.0x0, [MPa]
Orientation = N40°Wt15°

Minimum horizontal stress Oy mn = 0.8-1.2x0, [MPa]
Orientation = N50°E+15°
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PREDICTION OF MECHANICAL STABILITY
BLOCK SCALE (50 m)

P50-08
STABILITY:
Class A Outfall of single block 1-2 block per meter of
tunnel
Class B Outfall of single block 2-3 blocks per meter of
tunnel
Class C Instability in the roof Several blocks per meter
Outfall of blocks of tunnel
Class D General instability in roof and Overbreak > 30 cm if
walls normal drillpattern is
used (geological
overbreak)
Class E General instability in roof and Overbreak > 30 cm if
walls normal drillpattern is

used (geological
overbreak)
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Aspd Hard Rock Laboratory
Geological prediction

00 m scale

P 50-09
. _ Main fracture set
Rock distribution orientation
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PREDICTION OF GEOLOGICAL-STRUCTURAL

MODEL
BLOCK SCALE (50 m)

P50-09
ROCK COMPOSITION:
Sméland granite: =25% (£10)e0s,
Aspb diorite: = 60% (£10)g0q,
Greenstone: = 10% (+3)0s,
Fine-grained granite: = 5% (£1)g0q,
ROCK BOUNDARIES:"”
4(21)sos,

SINGLE OPEN FRACTURES:™
2(£1)g%

MYLONITE (incl narrow approx > 1 dm wide shear zones):
8(£1)gon

MINOR FRACTURE ZONES (width <5 m):

3(£Deos

FRACTURE SYSTEM:

Dominating fracture infilling

Chlorite +++
Calcite ++
Epidote +
Fe-oxyhydroxide +
(hematite)

Clay minerals +

*) Veins less than approximately 0.5 m and the normally very diffuse contacts between the
different variants of the Sméland granite - Aspd diorite excluded.

**)  Persistent, several metres long fractures, mostly steep and estimated to be significant
hydraulic conductors.
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PREDICTION OF GEOHYDROLOGY
BLOCK SCALE (50 M)
P50-09

CONDUCTIVE STRUCTURES:

Point estimate of the geometric mean distance D, between structures with a transmissivity
greater than T for block P50 - 09.

T D,
(m?/s) (m)

>3.107° 25(not available)

>3.107 25(not available)

HYDRAULIC CONDUCTIVITY:

Point estimate of geometric mean of the hydraulic conductivity for P50-09 scale 20 m:

K, = 13- 10° (5.4 - 10° - 3.1 - 10%)y55 m/s
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PREDICTION OF MECHANICAL STABILITY
BLOCK SCALE (50 m)
P50-09

GENERAL CONDITIONS:

The 50 m blocks consists of ten 5 m cubes with different mechanical characteristics. The 5 m
cubes can be classified as Class A, B, C, D or E rock according to the "Evaluation of Rock
Mechanics" (SKB PR 25-90-08), where the different rock classes correspond to the following

RMR values:

Class A RMR > 72
B RMR 60-72
C RMR 40-60
D RMR < 40
E RMR < 40
ROCK QUALITY:

Rock mass classification:

The Rock Mass Rating is predicted to have the following distribution in this 50 m block:

Class A Class B Class C Class D Class E
RMR >72 RMR 60-72 RMR 40-60 RMR <40 RMR <40
30% 50% 10% 10% -

ROCK STRESS:

Predicted mean value for rock stresses in the 50 m block:

Vertical stress o, = Depth x 0.0265 [MPa]

Maximum horizontal stress Opma = 1.6-2.0x0, [MPa]
Orientation = N40°Wt15°

Minimum horizontal stress Omin = 0.8-1.2x0, [MPa]
Orientation = N50°E£15°
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PREDICTION OF MECHANICAL STABILITY
BLOCK SCALE (50 m)

P50-09
STABILITY:
Class A Outfall of single block 1-2 block per meter of
tunnel
Class B Outfall of single block 2-3 blocks per meter of
tunnel
Class C Instability in the roof Several blocks per meter
Outfall of blocks of tunnel
Class D General instability in roof and Overbreak > 30 cm if
walls normal drillpattern is
used (geological
overbreak)
Class E General instability in roof and Overbreak > 30 cm if
walls normal drillpattern is
used (geological

overbreak)
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Aspd Hard Rock Laboratory
Geological prediction
50 m scale P 60=10
Main fracture set
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Rock distribution
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PREDICTION OF GEOLOGICAL-STRUCTURAL
MODEL
BLOCK SCALE (50 m)

P50-10

ROCK COMPOSITION:
Sméland granite: = 10% (£3)e0s
Aspb diorite: =75% (£5)e0%
Greenstone: = 10% (£3)e0s
Fine-grained granite: = 5% (t1)eow,

ROCK BOUNDARIES:"
6(2)¢0%
SINGLE OPEN FRACTURES:"™
2(11)g%
MYLONITE (incl narrow approx > 1 dm wide shear zones):
8(£2)s0%
MINOR FRACTURE ZONES (width <5 m):
3(xD)son

FRACTURE SYSTEM:

Dominating fracture infilling

Chlorite +++
Calcite ++
Epidote + (sealed)
Fe-oxyhydroxide +
(hematite)
Clay minerals +
*) Veins less than approximately 0.5 m and the normally very diffuse contacts between the

different variants of the Smaland granite - Aspd diorite excluded.

*%)  Persistent, several metres long fractures, mostly steep and estimated to be significant
hydraulic conductors.
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PREDICTION OF GEOHYDROLOGY
BLOCK SCALE (50 m
P50-10

CONDUCTIVE STRUCTURES:

Point estimate of the geometric mean distance D, between structures with a transmissivity
greater than T for block P50 - 10.

T D,
(m?s) (m)
>3.10° 7(0-35)954,
> 3 * 10-7 9(0'60)95%

HYDRAULIC CONDUCTIVITY:

Point estimate of geometric mean of the hydraulic conductivity for P50-10
scale 20 m:

K, =11-10% (4.7 - 10® - 2.7 - 10%)y54 m/s
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PREDICTION OF MECHANICAL STABILITY
BLOCK SCALE (50 m)
P50-10

GENERAL CONDITIONS:

The 50 m blocks consists of ten 5 m cubes with different mechanical characteristics. The S m
cubes can be classified as Class A, B, C, D or E rock according to the "Evaluation of Rock
Mechanics" (SKB PR 25-90-08), where the different rock classes correspond to the following

RMR values:

Class A RMR > 72

B RMR 60-72

C RMR 40-60

D RMR < 40

E RMR < 40
ROCK QUALITY:

Rock mass classification:

The Rock Mass Rating is predicted to have the following distribution in this 50 m block:

Class A Class B Class C Class D Class E
RMR >72 RMR 60-72 RMR 40-60 RMR <40 RMR <40
40% 60% - - -

ROCK STRESS:

Predicted mean value for rock stresses in the 50 m block:
Vertical stress o, = Depth x 0.0265 [MPa]

Maximum horizontal stress Oima = 1.6-2.0x0, [MPa]
Orientation = N40°W+15°

Minimum horizontal stress Onmn = 0.8-1.2x0, [MPa]
Orientation = N50°E+15°
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PREDICTION OF MECHANICAL STABILITY
BLOCK SCALE (50 m)

P50-10
STABILITY:

Class A

Class B

Class C

Class D

Class E

Outfall of single block

Outfall of single block

Instability in the roof
Outfall of blocks

General instability in roof and
walls

General instability in roof and
walls

1-2 block per meter of
tunnel

2-3 blocks per meter of
tunnel

Several blocks per meter
of tunnel

Overbreak > 30 cm if
normal drillpattern is
used (geological
overbreak)

Overbreak > 30 cm if
normal drillpattern is
used (geological
overbreak)



C1

APPENDIX C

PREDICTIONS IN DETAILED
SCALE (5 m)
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Appendix C presents the predictions on a detailed scale. Predicted items for the different key
issues are presented on the next few pages, C3 - C7.

Predicted 5 x 5 x 5 m blocks

P5-01 C8- Ci13
P5-02 C14 - C19
P5 - 03 C20 - C24

P5-04 C26 - C30
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PREDICTIONS OF GEOLOGICAL - STRUCTURAL MODEL - DETAILED SCALE (5§ m)

SUBJECT

For 5 m-boxes in four major rock types

Rock type
characteristics

Fracture system

PREDICTION

Mineralogical
composition

Alterations
- Weathering
- Hydrothermal

Petrophysics
- Density
- Porosity

For fracture sets

- Orientation

- Length distribution

- Fracture spacing

- Fracture infilling

minerals

ESTIMATE

TUGS-classifi-
cation
Petrographic
description

TUGS-classifi-
cation (1-5)

Density
Porosity

Strike and
dip

ML’ SL
(m?/m?)
Most frequent

infilling
minerals

MEASURED
VARIABLE

Modal
composition
(volume %)

Mineral
alteration

Density
Porosity

Strike and
L>0.5m
(m/m?)

Infilling
minerals

VALIDATION

BASIS

Sampling and
analysis

Sampling and
analysis

Sampling and
analysis

Fracture
mapping
Tracelength
mapping _
Tracelength
mapping
Sampling and
analysis
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PREDICTIONS OF GROUNDWATER FLOW - DETAILED SCALE (5 m)

SUBJECT

Hydraulic
conductivity

Point leakage

Disturbed zone

PREDICTIONS

Conductivity
distribution

Flow distribution on
tunnel periphery for
four type rocks

Inflow characteristics

Pressure distribution
around tunnel

Conductivity changes
(scoping calculations)

Axial flow
(scoping calculations)

ESTIMATE

Mlnk’ Slnk

q distribution

Spots
(nos/m?)
Lines (m/m?
Moist
areas(m?m?)

p distribution

MEASURED VALIDATIOM

VARIABLE

Hydraulic
conductivity

q (classes)

Spots
Lines
Areas

BASIS

Pilot holes
pressure
build up tests

Geohydrologic:

mapping + Qieg
Mapping

Pilote holes an
pressure
measurements
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PREDICTIONS OF GROUNDWATER CHEMISTRY - DETAILED SCALE (5 m)

(See also site scale)

SUBJECT PREDICTIONS ESTIMATE MEASURED VALIDATION
VARIABLE BASIS

Redox conditions Movement of oxida- Weathered Fracture Mapping-
tion zone from fresh components minerals sampling
tunnel surface and amount analysis

Precipitated
and dissolved
minerals

Weathering Weathering and

deposition of fracture
minerals behind and
on tunnel walls
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PREDICTIONS OF TRANSPORT OF SOLUTES - DETAILED SCALE (5 m)

(Operation period)
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PREDICTIONS OF MECHANICAL STABILITY - DETAILED SCALE (5 m)

SUBJECT PREDICTIONS ESTIMATE MEASURED VALIDATION
VARIABLE BASIS

Mechanical - Rock strength Sigma,_ Sigma, Lab analysis
characteristics - Elastic parameters E,v Ev "

- Ductility Ductility Ductility "
Fracture surface For fracture sets JRC JRC Mapping
properties - Roughness Direction Slickenside "

- Slickensides
Long term Potential movements Open Scoping calcula-

stability in fractures fractures tions
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PREDICTION OF GEOLOGICAL - STRUCTURAL MODEL
DETAILED SCALE (5 m)
PS - 01 (P50-02) Sméiland granite

ROCK TYPE CHARACTERISTICS:

Modal classification accor-

Mineral components (vol %) ding to IUGS (1973, 1980)
(Q) Quartz = 20 (+3) 60% ?
Est:'mat'e‘l:f mean

(A) K-feldspar = 25 (+5) 60% compasition
(P) Plagioclase =40 (+5) 60% @
Biotite = 10 (+3) 60%

A P
Minor minerals = 5 (+2) 60%
Alteration (IUGS-classification): 1-2
Density (g/cm®): 2.62 (+ 0.03) 90%
Porosity (%): 0.24 (+ 0.02) 90%
(sum of kinematic and diffusion
porosity)

5m

Smaéaland
granite
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PREDICTION OF GEOLOGICAL - STRUCTURAL MODEL

DETAILED SCALE (5 m)
PS5 - 01 (P50-02) Smaland granite

FRACTURE SYSTEM:

ORIENTATION"
(estimated order of dominance)

Fracture infilling

1. N 55°W/70° NE (z 10°) 100%
N 55°W/25° SW (+ 10°) 100%

2. N-S/steep (+ 10°) 100%

3. N85° E (+ 5° 100 %/75° NNE (+ 10°100%
N85° E (+ 5°) 100 %/30° SSE (+ 10°) 100%

4. N55° E /70° SE (+ 10°) 100%

Chlorite, epidote, calcite, Fe-oxyhydroxide

Calcite, chlorite, Fe-oxyhydroxide

Chlorite, epidote, calcite

Chlorite, epidote, calcite

Fracture length (point estimate of geometric mean of all fractures > 0,5 m).

1,2 m (+ 0,3) 60%.

Fracture spacing (point estimate of geometric mean of spacing for all fractures > 0,5 m).

1.0 m (+ 0.3) 60°.

* Dominant peaks of the fracture sets
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PREDICTION OF GROUNDWATER FLOW
DETAILED SCALE (5 m)
P5-01 (P50-02) Smaland granite

HYDRAULIC CONDUCTIVITY:

Scale 20 m:

Point estimate of hydraulic conductivity, geometric mean, K, =1 10° m/s

95% confidence limits of geometric mean =7.6:10" - 2.6:10° m/s
Standard deviation of logK Sk =1.0

POINT LEAKAGE:

Flow distribution on tunnel periphery:
90% of the area is expected to be dry

Inflow characteristics: Character = Mainly damp areas or drip
Type = Mainly point flows along horizontal fractures and

fracture intersections

DISTURBED ZONE:

Pressure distribution: Average pressure 4 m from tunnel wall
P=2-10"-30-10°Pa
(Skin: 0-10)
Conductivity changes: Parallel tunnel axis K, = K;(10-200)
Perpendicular tunnel axis K, = K(1-0.03)

Axial flow: 10° m/s < q, < 10° m/s
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PREDICTION OF GROUNDWATER CHEMISTRY
DETAILED SCALE (5 m)
P5-01 (P50-02) Smiland granite

Rocktype Fe**(mg/Ml)  S$*(mg/N) pH Eh(mV)
Smaland
granite 01+01 05+05 7.8 +0.2 -290 + 50

The water in the rock mass of Aspd has a salt content which increases by depth. This indicates that
the saline water at depth is slowly washed out by freshwater causing a continuous mixing of saline
and freshwater. Both the freshwater and the saline water are saturated with respect to calcite. A
mixing of the saline and the freshwater will always result in a supersaturation which can also be
seen from the calculated saturation indecies. Consequently calcite is precipitating in the fracture
system causing a decrease of inflow. The opposite situation might occur in the most shallow part of
the tunnel crossing the NNW fracture system in case surface water is penetrating the fracture.
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PREDICTION OF MECHANICAL STABILITY
DETAILED SCALE (5 m)
P5-01 (P50-02) Smiland granite

GENERAL CONDITIONS:

Homogeneous rock within the 5 m block. Fracture frequency is uniform and the block is not
intersected by fracture zones. The rock can be classified as Class A, B or C according to the
“Evaluation of Rock Mechanics" (SKB PR 25-90-08) where the different rock classes correspond to
the following RMR values:

Class A RMR > 72
B RMR 60-72
C RMR 40-60

MECHANICAL CHARACTERISTICS:

Rock strength: > 200 MPa  100-200 MPa < 100 MPa

25% 75% ---
Elastic moduli: >60 MPa 50-60 MPa < 50 MPa
90% 10% -—
Poisson’s ratio: > 0.25 0.20-0.25 < 0.20
10% 2W0% 10%
Brittleness: Wo/Wk>1 WaWk<l
25% 75%
FRACTURE PROPERTIES:
Joint Roughness Coefficient > 14 14-6 <6
(JRC) 0% 30% 10%
Joint Wall Compresssion > 75 MPa 75-40 MPa < 40 MPa
Strength (JCS) 60% 30% 10%
Fracmre frequency 1-3m 03-1m <03m
{dist. betweea joints) 20% 0% 20%
Fracture density 90-100% 75-90% 50-75%

RQD) 40% 0% 20%
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PREDICTION OF MECHANICAL STABILITY
DETAILED SCALE (5m)
P5-01 (P50-02) Smaland granite

ROCK STRESS. (above level -500 m):

Vertical stress C, = Depth x 0.0265 (MPa)
Maximum horizontal stress O, max = (1.1-2.1 x 6,) 100% (MPa)
O, max = (1.3-1.8 x 6,) 70% (MPa)

Orientation = (N12°W-N68°W) 100%
Orientation = (N25°W-N55°W) 70%

Minimum horizontal stress O, min = (0.6-1.6 x ¢,) 100% (MPa)
O, min = (0.7-1.1 x ¢,) 70% (MPa)
Orientation = (N22°E-N78°E) 100%
Orientation = (N35°E-N65°E) 70%

STABILITY:
Block instability:
Mechanism of failure Estimate
Class A Outfall of single block 1-2 block per meter
of tunnel
Class B Outfall of single block 2-3 block per meter
of tunnel
Class C Instability in the roof Several blocks per
Outfall of blocks meter of tunnel
ROCK BURST:

Some spalling is predicted to occur below -400 m in Class A or Class B rock.
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PREDICTION OF GEOLOGICAL - STRUCTURAL MODEL
DETAILED SCALE (5 m)

P 5-02 (P50-03), Aspo diorite

ROCK TYPE CHARACTERISTICS:

Modal classification accor-

Mineral components (vol%) ding to IUGS (1973, 1980)
(Q) Quartz = 15 (+5) 60%
Estimated mean

(A) Kfeldspar = 15 (+5) 60% S
(P) Plagioclase = 40 (+5) 60%
Biotite =20 (+5) 60%

A P
Amphibole, pyrox-
ene, epidote = 10 (+3) 60%
Alteration (IUGS-classification): 1-2
Density (g/cm®): 2.70 (+0.05) 90%
Porosity (%): 0.32 (+0.02) 50%

(sum of kinematic and diffusion porosity)

5m

Asps diorite
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PREDICTION OF GEOLOGICAL - STRUCTURAL MODEL
DETAILED SCALE (5m)
P5-02 (P50-03) Aspo diorite

FRACTURE SYSTEM:

ORIENTATION®

(estimated order of dominance) Fracture infilling

1. N55°W/70° SE (+ 10°) 100% Chlorite, epidote, calcite, Fe-oxyhydroxide
" /[35° NE (£10°) 100%

2. N-S/Steep (+10°) 100% Chlorite, calcite, Fe-oxyhydroxide

3. N85°E (+5°) 100%/75°NNE (+10°) 100%  Chlorite, epidote, calcite

/30 SSE (+10°) 100%
4. NS55° E/70°SE (+10°) 100% Chlorite, epidote, calcite

Fracture length (point estimate of geometric mean of all fractures > 0.5 m)
1.2 m (+0.3) 60%

Fracture spacing (point estimate of geometric mean of spacing for all fracturer > 0.5 m)

1.0 m (+0.3) 60%

* Dominant peaks of the fracture sets
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PREDICTION OF GROUNDWATER FLOW
DETAILED SCALE (5 m)
P5-02 (P50-03) Aspo diorite

HYDRAULIC CONDUCTIVITY:

Scale 20 m:

Point estimate of hydraulic conductivity, geometric mean, K, =3.7- 10" m/s *

95% confidence limits of geometric mean =2.1-10" - 6.6-10"° m/s’
Standard deviation of logK Sigx = 1.4°

* These estimates probably overestimate the unbiased population properties.

POINT LEAKAGE:

Flow distribution on tunnel periphery:
90% of the area is expected to be dry

Inflow characteristics: Character = Mainly damp areas or drip
Type = Mainly point flows along horizontal fractures and

fracture intersections

DISTURBED ZONE:

Pressure distribution: Average pressure 4 m from tunnel wall
P=5"10*-100"10*Pa

Conductivity changes: Parallel tunnel axis K, = K;(10-200)
Perpendicular tunnel axis K, = K;(1-0.03)

Axial flow: 10° m/s < q, < 10° m/s
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PREDICTION OF GROUNDWATER CHEMISTRY
DETAILED SCALE (Sm)
P5-02 (P50-03) Aspb diorite

Rock type Fe*(mgM)  S*(mg/N) pH Eh (mV)

Aspb diorite 0503 0505 82103 -390+50

The water in the rock mass of Aspd has a salt content which increases by depth. This indicates that
the saline water at depth is slowly washed out by freshwater causing a continuous mixing of saline
and freshwater. Both the freshwater and the saline water are saturated with respect to calcite. A
mixing of the saline and the freshwater will always result in a supersaturation which can also be
seen from the calculated saturation indecies. Consequently calcite is precipitating in the fracture
system causing a decrease of inflow. The opposite situation might occur in the most shallow part of
the tunnel crossing the NNW fracture system in case surface water is penetrating the fracture.

The walls of the tunnel is expected to be coated by iron hydroxide. In specially the dioritic rocks
where the concentration of dissolved iron in the water is higher than in the water of the Sméland

and fine-grained granite.
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PREDICTION OF MECHANICAL STABILITY
DETAILED SCALE (5 m)
P5-02 (P50-03) Aspoé diorite

GENERAL CONDITIONS:

Homogeneous rock within the 5 m block. Fracture frequency is uniform and the block is not
intersected by fracture zones. The rock can be classified as Class A, B or C according to the
"Evaluation of Rock Mechanics" (SKB PR 25-90-08) where the different rock classes correspond to

the following RMR values:

Class A RMR >72
B RMR 60-72
C RMR 40-60

MECHANICAL CHARACTERISTICS:

Rock strength: > 200 MPa  100-200 MPa < 100 MPa

100% ---
Elastic moduli: >60 MPa  50-60 MPa < 50 MPa
50% 50% ---
Poisson’s ratio: > 0.25 0.20-0.25 <0.20
10% 80% 10%
Brittleness: Wu/Wk>1 WwWkcl
25% 75%
FRACTURE PROPERTIES:
Joint Roughness Coefficient > 14 14-6 <6
(JRC) 60% 30% 10%
Joint Wall Compresssion > 75 MPa 75-40 MPa < 40 MPa
Strength (JCS) 60% 30% 10%
Fracture frequency 1-3m 03-Im <03m
(dist. between joints) 20% 50% 30%
Fracture density 90-100% 75-90 % 50-75 %

(RQD) 40% 40% 20%
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PREDICTION OF MECHANICAL STABILITY
DETAILED SCALE (Sm)
P5-02 (P50-03) Aspé diorite

ROCK STRESS. (above level -500 m):

Vertical stress o Depth x 0.0265 (MPa)

Maximum horizontal stress Chmax (1.1-2.1 x ¢,) 100% (MPa)
O max (1.3-1.8 x 6,) 70% (MPa)
Orientation = (N12°W-N68°W) 100%
Orientation = (N25°W-N55°W) 70%

Minimum horizontal stress Oh.min = (0.6-1.6 x ¢,) 100% (MPa)
O min = (0.7-1.1 x 6,) 70% (MPa)
Orientation = (N22°E-N78°E) 100%
Orientation = (N35°E-N65°E) 70%

STABILITY:
Block instability:
Mechanism of failure Estimate
Class A Outfall of single block 1-2 block per meter
of tunnel
Class B Outfall of single block 2-3 block per meter
of tunnel
Class C Instability in the roof Several blocks per
Outfall of blocks meter of tunnel
ROCK BURST:

Some spalling is predicted to occur below -400 m in Class A or Class B rock.
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PREDICTION OF GEOLOGICAL - STRUCTURAL MODEL
DETAILED SCALE (5 m)

PS5-03 (P50-04) Greenstone

ROCK TYPE CHARACTERISTICS:

Mineral components (vol%) Modal classification accor-

ding to IUGS (1973, 1980)

(Q) Quartz = 5 (+3) 60%
(P) Plagiclase = 50 (+5) 60% Dkt s
composition
Amphibole = 30 (+10) 60%
Biotite =20 (+5) 60%
Epidote, pyroxene = 5 (+3) 60% A P
Alteration (IUGS-classification): 1-2
Density (g/cm®): 2.80 (+0.05)90%
Porosity (%): 0.16 (+0.02)90%
(sum of kinematic and diffusion porosity)
=
Ly
Greenstone

Increased fracturing
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PREDICTION OF GEOLOGICAL - STRUCTURAL MODEL
DETAILED SCALE (5m)
P5-03 (P50-04) Greenstone

FRACTURE SYSTEM:

ORIENTATION®
(estimated order of dominance) Fracture infilling
1. N55°W/70° SE (+ 10°) 100% Chlorite, epidote, calcite, Fe-
oxyhydroxide
" /35° NE (+10°) 100%
2. N-S/Steep (+10°) 100% Chlorite, calcite, Fe-oxyhydroxide
3. N85°E (+5°) 100%/75°NN E (+10°) 100% Chlorite, epidote, calcite
! /30 SSE (+10°) 100%
4. N55° E/70°SE (+10°) 100% Chlorite, epidote, calcite

Fracture length (point estimate of geometric mean of all fractures > 0.5 m)
1.2 m (+0.3) 60%

Fine-grained: 0.7 m (+ 0.2) 60%
Diorite-gabbro: 1.5 m (+ 0.3) 60%

Fracture spacing (point estimate of geometric mean of spacing for all fractures > 0.5 m)
1.0 m (+0.3) 60%

Fine-grained: 0.6 m (+ 0.2) 60%

Diorite-gabbro: 1.2 m (+ 0.3) 60%

* Dominant peaks of the fracture sets
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PREDICTION OF GROUNDWATER FLOW
DETAILED SCALE (5 m)
P5-03 (P50-04) Greenstone

HYDRAULIC CONDUCTIVITY:

Scale 20 m:

Point estimate of hydraulic conductivity, geometric mean, K; =3.7 10" m/s*
95% confidence limits of geometric mean = 6.3-10™" - 2.2.10*

Standard deviation of logK Sipx = 1.3

* These estimates probably overestimate the unbiased population properties.

POINT LEAKAGE:

Flow distribution on tunnel periphery:
90% of the area is expected to be dry

Inflow characteristics: Character = Mainly damp areas (fine-grained)
Mainly damp areas and drip (diorite-gabbro)
Type = Mainly diffuse (fine-grained)

Mainly point flows along horizontal fractures and
fracture intersections (diorite-gabbro)

DISTURBED ZONE:

Pressure distribution: Average pressure 4 m from tunnel wall
P=5-10"-100-10*Pa
(Skin: 0-10)
Conductivity changes: Parallel tunnel axis K, = K;(10-200)
Perpendicular tunnel axis K, = K;(1-0.03)

Axial flow: 10° m/s < q, < 10° m/s
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PREDICTION OF MECHANICAL STABILITY
DETAILED SCALE (5 m)
P5-03 (P50-04) Greenstone

GENERAL CONDITIONS:

Homogeneous rock within the 5 m block. Fracture frequency is uniform and the block is not
intersected by fracture zones. The rock can be classified as Class A, B or C according to the
"Evaluation of Rock Mechanics" (Ref. PR 25-90-08) where the different rock classes correspond to
the following RMR values:

Class A RMR > 72
B RMR 60-72
C RMR 40-60

MECHANICAL CHARACTERISTICS:

Rock strength: > 200 MPa 100-200 MPa < 100 MPa

--- 75% 25%
Elastic moduli: >60 MPa 50-60 MPa < 50 MPa
25% 50% 25%
Poisson’s ratio: > 0.25 0.20-0.25 < 0.20
10% 80% 10%
Brittleness: Ww/Wk>1 WuWk<l1
40% 60%
FRACTURE PROPERTIES:
Joint Roughness Coefficient > 14 14-6 <6
(JRC) 30% 50% 20%
Joint Wall Compresssion > 75 MPa 75-40 MPa < 40 MPa
Strength (JCS) 30% 50% 20%
Fracture frequency 1-3m 031m <03m
(dist. between joints) 20% 60% 20%
Fracture density 90-100% 75-90 % 50-75 %

(RQD) 20% 50% 30%
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PREDICTION OF MECHANICAL STABILITY
DETAILED SCALE (5m)
P5-03 (P50-04) Greenstone

ROCK STRESS. (above level -500 m):

Vertical stress C, = Depth of overburden x 0.0265 (MPa)

Maximum horizontal stress O max (1.1-2.1 x 6,) 100% (MPa)
O max (1.3-1.8 x ©,) 70% (MPa)
Orientation = (N12°W-N68°W) 100%
Orientation = (N25°W-N55°W) 70%

Minimum horizontal stress O min (0.6-1.6 x 6,) 100% (MPa)
O rmin (0.7-1.1 x 6,) 70% (MPa)
Orientation = (N22°E-N78°E) 100%
Orientation = (N35°E-N65°E) 70%

STABILITY:

Block instability:

Mechanism of failure Estimate
Class A Outfall of single block 1-2 block per meter
of tunnel
Class B Outfall of single block 2-3 block per meter
of tunnel
Class C Instability in the roof Several blocks per
Outfall of blocks meter of tunnel

ROCK BURST:
Some spalling is predicted to occur below -300 m in Class A or Class B rock.

Moderate spalling is predicted to occur below -400 in Class A or Class B rock.
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PREDICTION OF GEOLOGICAL - STRUCTURAL MODEL
DETAILED SCALE (5 m)
P3-04 (P50-01) Fine-grained granite

ROCK TYPE CHARACTERISTICS:

Modal classification accor-

Mineral components (vol %) ding to TUGS (1973, 1980)

(A) Quartz =30 (+5) 50%
Estimated mean
(B) K-feldspar = 40 (+5) 50% composition
(C) Plagioclase =23 (+5) 50% @
(D) Biotite, epidote A P
and other minerals
small quantities = 7 (+2) 50%
Alteration (IUGS-classification): 1-2
Density (g/cm?): 2.56 (+ 0.02) 90%
Porosity (%): 0.30 (+ 0.01) 90%

(sum of kinematic and diffusion
porosity)

5m

Increased fracturing

Fine-grained
granite
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PREDICTION OF GEOLOGICAL - STRUCTURAL MODEL

DETAILED SCALE (5m)
PS5-04 (P50-01) Fine-grained granite

FRACTURE SYSTEM:

ORIENTATION®
(estimated order of dominance) Fracture infilling
1. N55°W/70° SE (+ 10°) 100% Chlorite, epidote, calcite, Fe-
oxyhydroxide
" /35° NE (+10°) 100%
2. N-S/Steep (+10°) 100% Chlorite, calcite, Fe-oxyhydroxide
3. N85°E (+5°) 100%/75°NN E (+10°) 100% Chlorite, epidote, calcite
" /30 SSE (+10°) 100%
4. NS55° E/70°SE (+10°) 100% Chlorite, epidote, calcite

Fracture length (point estimate of geometric mean of all fractures > 0.5 m)
0.8 m (+0.1) 50%

Fracture spacing (point estimate of geometric mean of spacing for all fractures > 0.5 m)
0.5 m (+0.1) 50%

* Dominant peaks of the fracture sets
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PREDICTION OF GROUNDWATER FLOW
DETAILED SCALE (5 m)
P5-04 (P50-01) Fine-grained granite

HYDRAULIC CONDUCTIVITY:

Scale 20 m:

Point estimate of hydraulic conductivity, geometric mean, K, =9 10° m/s

95% confidence limits of geometric mean =3.5107 - 2.2:10% m/s
Standard deviation of logK Sk = 1.0

POINT LEAKAGE:

Flow distribution on tunnel periphery:
60% of the area is expected to be dry

Mainly drip
Mainly point flow

Inflow characteristics: Character
Type

DISTURBED ZONE:

Pressure distribution: Average pressure 4 m from tunnel wall
P=02-10°-5-10Pa
(Skin: 0-10)
Conductivity changes: Parallel tunnel axis K, = K;(10-200)
Perpendicular tunnel axis K = K;(1-0.03)

Axial flow: 10° m/s < q, < 10° m/s
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PREDICTION OF MECHANICAL STABILITY
DETAILED SCALE (S m)
P5-04 (P50-01) Fine-grained granite

GENERAL CONDITIONS:

Homogeneous rock within the 5 m block. Fracture frequency is uniform and the block is not
intersected by fracture zones. The rock can be classified as Class A, B or C according to the
"Evaluation of Rock Mechanics" (Ref. PR 25-90-08) where the different rock classes correspond to
the following RMR values:

Class A RMR > 72
B RMR 60-72
C RMR 40-60

MECHANICAL CHARACTERISTICS:

Rock strength: > 200 MPa  100-200 MPa < 100 MPa

50% 50%
Elastic moduli: > 60 MPa 50-60 MPa < 50 MPa
75% 25% -
Poisson’s ratio: > 0.25 0.20-0.25 < 0.20
10% 80% 10%
Brittleness: WwWk>1 Wu/Wk<l
25% 75%

FRACTURE PROPERTIES:

Joint Roughness Coefficient > 14 14-6 <6

(JRC) 30% 50% 20%

Joint Wall Compresssion > 75 MPa 75-40 MPa < 40 MPa
Strength (JCS) 30% 50% 20%
Fracture frequency 1-3m 03-1m <03m
(dist. between joints) 30% 50% 20%
Fracture density 90-100% 75-90 % 50-75 %

(RQD) 30% 40% 30%
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PREDICTION OF MECHANICAL STABILITY
DETAILED SCALE (5m)
P5-04 (P50-01) Fine-grained granite

ROCK STRESS. (above level -500 m):

Vertical stress o, = Depth x 0.0265 (MPa)
Maximum horizontal stress O max = (1.1-2.1 x 6,) 100% (MPa)
Op.max = (1.3-1.8 x 6,) 70% (MPa)

Orientation = (N12°W-N68°W) 100%
Orientation = (N25°W-N55°W) 70%

Minimum horizontal stress Op.min = (0.6-1.6 x ¢,) 100% (MPa)
Ob.min = (0.7-1.1 x 6,) 70% (MPa)
Orientation = (N22°E-N78°E) 100%
Orientation = (N35°E-N65°E) 70%

STABILITY:
Block instability:
Mechanism of failure Estimate
Class A Outfall of single block 1-2 block per meter
of tunnel
Class B Outfall of single block 2-3 block per meter
of tunnel
Class C Instability in the roof Several blocks per
Outfall of blocks meter of tunnel
ROCK BURST:

Some spalling is predicted to occur below -400 m in Class A or Class B rock.
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