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Background

In the geological predictions (cf. SKB TR 92-23 and references therein) a
system of "NNW"-striking fractures has been postulated. This fracture system
is indicated and defined by morphological features, outcrop mapping, the
data obtained from boreholes, hydrogeological testing and by some (weak)
geophysical evidence.

According to the fracture zone classification scheme used in the predictions,
some of the "NNW" fractures built up "minor fracture zones". These fracture
zones (or single fractures) are thought intersect the tunnel spiral at various
locations. Surface investigations suggest, that this fracture system is proba-
bly one of the "main” hydraulic conductors within the group of minor fracture
zones. However, it is difficult to predict the location of the “NNW" striking
elements and their characteristics at depth.

The spiral of the tunnel has been located "petween" fracture zones of the first
and second order (major fracture zones), in order to minimise the water inflow
and to avoid constructional problems. Thus in spiral sections 1/600m to
2/400m only minor fractures zones are expected. Consequently the fracture
zones (or fractures) in this part of the tunnel can be called at least third order
fractures. Nevertheless, grouting has to be carried out in various parts of the
tunnel. One of the main questions is, if it is possible to evaluate a system of
parameters e.g. the geometry of fractures, structural data, mineralogical cha-
racteristics of fracture fillings, which predominate in zones of high water
inflow (grouted sections).

Scope of investigations

The tunnel spiral has been "located" between the major fracture zones NE-1
and NE-2. Borehole- and hydrotesting data suggest that "NNW" striking
fractures zones (or fractures) are hydraulic conductors, probably in connec-
tion with NE-1 or NE-2. Note that in the predictions the term "NNW" includes
NW strike directions as well.

A detailed characterisation of the NNW-striking fracture zones and/or a first
interpretation of the data set (tunnel section 1/600-2/400m), with respect to
the hydraulic importance, were not available. Thus one of the tasks of this
work was to increase the knowledge of the "NNW" striking fracture system
using tunnel mapping data and to define this system in terms of a strike di-
rection intervals.

The investigations have been concentrated on the "so called" NNW striking
fractures of the first tunnel spiral (tunnel meter from ca. 1/600m to 2/400m) as
an example of a minor fracture system. Together with Roy Stanfors it has
been decided to focus on strike directions between 340° and 10°.

The data were analysed in order to:
- Identification and characterisation of the "NNW" striking fracture system

within the first loop of the tunnel.

- General characterisation of grouted sections as an example of high water
inflow rates to the tunnel.

and to answer the following basic questions:

- Do any other fracture systems show similar features?



- How does the distribution pattern of the fracture system looks like and is it
possible to define zones?

- Does a relation to the grouted zones to the "NNW" fracture system exist?
Most of the time has been spent to work out criteria which define the "NNW"
fracture system. The grouted sections were characterised using "TMS-data".
Beside the definition of the N-S striking fracture set, attempts to correlate the
"NNW" system with zones of enlarged water inflow to the tunnel (grouted
sections) have been made.

The preliminary status of the work has to be emphasised, because the avail-
able time was limited. Not all data could be considered. Especially the trans-
missivities calculated from the probehole testing should be used for further
interpretations. Effects like the intersections of two fracture sets or the cross-
cutting relationships of different rock types (fine grained granite) could not be
taken into account. Secondly the structuring and reduction of the database
according to the objectives of this study was time consuming. Additionally,
SKB-reports could not be reviewed in detail.

This report is thought to be a kind of working paper for further investi-
gations and not a final interpretation of the fracture network system. The
following report summarises the results of the investigations performed
during 6 weeks (summer 1993).



SUMMARY

One of the first ideas was to investigate the relationship of the so called
"NNW" fracture system (as an example of third order fracture zones or frac-
tures) to zones of major water inflows (grouted sections). For several reasons
only some remarks and statements (which still have to be proven) conceming
this question can be made.

- A definition of the term "NNW" and a characterisation of this fracture sys-
tem was not available. Reviewing the prediction reports the term "NNW"
seems to include strike directions varying from NW-N to NNE.

-- The data presented here, demonstrate that it is not likely to handle frac-
tures of this strike interval as one unit.

- The fracture intensity criteria is the most important one for the mapping of
(third order) fracture zones during the routine tunnel mapping. A definition of
a third order fracturing in terms of e.g. length, strike conductivity has not been
set up until now (SKB work in progress).

Consequently one step was 1o define the "NNW" system using data collected
during the routine mapping. The data presented here demonstrate, that it is
possible to define a N-S striking fracture set using criteria like length, miner-
alogy, spacing or the distribution within a certain tunnel section.

Using the overview maps, which summarise the geology and geohydrology of
150m long tunnel sections, it was impossible to define a NNW fracture sys-
tem by a set of certain criteria. The data set was splitted in 100strike intervals;
water conducting fractures and so called normal fractures were separated
from each other. In order to work out "unique" characteristics of the N-S stri-
king fracture system, some characteristic features of other strike direction
intervals have been.summarised as well.

The characteristics of the redefined "NNW" system -now N-S- (10-340°
strike) are summarised at the end of chapter 5.

It is possible to handle the fracture set as one group because of characteristic
or unique features like the fracture set like the mineralogy, the fracture
length, the length distribution and the fracture spacing within the 30° strike
direction interval.

- It is suggested that the term "NNW" should not be used any more. Instead,
a N-S and probable an E-W to NW fracture system should be introduced. A
E-W reps. NW fracture system has not been defined in detail, but the data
presented here give some ideas.

- It can be concluded that "single”" fractures with averaged spacing of approx.
1-2m are dominating in the N-S fracture system.

- Within tunnel sections 1/600m to 2/400m no evidence for N-S striking frac-
ture zones can be found. Two sections are characterised by an increased N-
S fracturing, but there is no reason to call them fracture zones.

no reason to can el e s f——==

- It seems, that the zones of an increased N-S fracturing can be traced over
distances of at least 200m along strike, indicated by the correspondence of
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frequency maxima on tunnel legs A and E, if the minor frequency maxima are
considered as well.

- The width of an increased N-S fracturing (swarm-like distribution) varies
between 20 and 50m. The horizontal distance (spacing) is estimated approx.
100m (first guess).

- Unfortunately it was impossible to use data from boreholes drilled in E-W
direction because structural data were missing.

The grouted sections. as zones of high water inflow were analysed with the
idea, that this characterisation will probably result in some criteria which can
be used to define the N-S striking fractures system (chapter 5). Based on
discussions, it was believed that "NNW* fracture zones contribute significantly

to the water inflow.

However, using the data from the grouted sections, it was impossible to de-
fine the N-S striking fracture system by characteristic features. Unfortunately
this part was carried out at the beginning of this work. Considering the results
of chapter 5, it is not surprising that only weak indications for the presence of
a N-S fracture system can be found in the grouted sections. The main char-
acteristics of grouted sections are summarised at the end of chapter 3.

Generally the direct correlation of high water inflows and_the occurrence of
the N-S fracture system is weak (chapter 6).

The frequency of N-S striking fractures in the grouted zones is comparable to
the tunnel average. In the first part of the investigated tunnel section a com-
bination of N-S fractures, a general increase of fracturing {(mapped fracture
zones on Leg-B) and the predominance of E-W (NW) fracture sets can be
recognised in grouted sections.

The data available do not allow to estimate (quantitatively) the influence of
"single® N-S water conducting fractures to the total water inflow rates. it is
believed that, in the middle part of the tunnel section the N-S fracture system
is not a major factor within the water conducting fracture network.

In the last section of the tunnel more detailed investigations are needed to
relate the water inflow to structural elements. Simple statistical correlation’s
were calculated, but significant results were not obtained.

For three reasons. the question if the N-S system should be called a minor
(third qrder} fracture system or not, has to be left open:

- A definition of "third order fractures” has not been set up until now (SKB-
work in progress).

- For an estimation of the hydraulic importance of the N-S fracture system
further investigations have to be carried out (e.g. hydraulic testing of indi-
vidual N-S striking fractures).

- The characterisation of the N-S striking fracture system and the grouted
sections did not left the time, to perform more detailed interpretations or addi-
tional underground work.

Nevertheless, to the authors opinion, the definition of fracture groups in terms
of narrow strike intervals and a detailed characterisation, has to be the first
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step for the interpretation of the complete data set. If fracture sets have been
defined in such a way it will be perhaps possible to define "loading factors” of
each fracture group within grouted section (factor analyses?).

To test the practicability of the term third order fractures the N-S striking ones
are probably not the best example. Instead NW striking fractures, forming an
oblique fracture set to first and second order fracture zones, should be taken
into account.

Although this study is preliminary and many aspects can be improved, it is
believed that this work contributes to the characterisation of rock blocks lo-
cated between major fracture zones at Aspo.
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1.1

INTRODUCTION

BACKGROUND

The Swedish Nuclear Fuel and Waste Management Company (SKB) is con-
structing an underground laboratory (HRL) located on the southem part of
Aspd. Aspd is an small Island near the Oskarshamn Power Plant Area ca.
30km Oskarshamn on the SE coast of Sweden (Fig. 1).

Fig.1:

Location of the Aspd Hard Rock Laboratory



The Aspd Hard Rock Laboratory (HRL) project has been subdivided in three
phases:

- Pre-investigation phase from 1986 to 1990

- Construction phase from 1990 to 1994

- Operational phase from 1985 to ?

The main objectives of the constructional phase are:

- Verify the pre-investigations methodology

- Finalise the detailed investigation methodology

- Test models of ground water flow and transport of solutes
- Demonstrate construction and handling methods

The routine data collection during the construction, including geological
mapping, hydrogeological investigations and geochemical sampling is carried
within one hour after each blasting. To reach the objectives stated above,
additionally data are obtained by supplementary investigations and the ob-
servations of numerous boreholes on Aspo Island and the surrounding area.

The data are systematically stored in the GEOTAB database. Details of the
data collection system and GEOTAB are presented in several Reports cf.
(SKB TR 92-01, PR 25-91-10, PR 25-92-02, and references therein). The
results of current work are documented continuously in Technical Notes, Pro-
gress Reports, and Technical Reports. Four summarising Technical Reports,
documenting the Pre-Investigation phase, have been published .

To reach the laboratory depth of ca. 460m below Aspd Island, it was decided
to construct an access tunnel of ca. 3500m length. The first part consists of a
northwards directed straight tunnel section (1/580m), plunging with ca. 150°
towards 315°N. The entrance of the tunnel has been located on the Simpe-
varp Peninsula, close to the Nuclear Power Plant Facility, Oskarshamn. The
tunnel spiral will reach the final depth of ca. 460m after two loops. Starting
from the end of the spiral, the laboratory tunnel and cavemns will be exca-
vated.

The cross section of the HRL tunnel is approximatély 25m?, with each con-
ventional blast ca. 4-6m are excavated (1 00-150m>). In the turns of the spiral
the cross sections is enlarged to ca. 36m°.

Up to now (mid of June) the excavation of the first loop, the drilling of the two
ventilation shafts and the main shaft to the level of 220m have been realised
(Fig. 2). The construction of the second spiral is still in progress and a TBM
with 5m diameter will be used for the last tums.
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Fig.2: General layout of the Aspé Hard Laboratory and a perspective view of the

tunnel spiral.



1.2

GEOLOGICAL BACKGROUND

The rocks of the Simpevarp area in the southem part of Sweden belong to
the Transscandinavian Igneous Belt extending from SE of Sweden to the
Norwegian border. Geological maps of the Simpevarp area are shown in
appendix A-1.

Chronologically the crystalline rocks can be divided into:

2000-1850Ma Meta-andesites and Meta-quarzites (oldest supra-
rustal)

1925-1800Ma Granitic gneiss's (pre-orogenic intrusions)
Greenstones

Smaland-Varmland Intrusiva (post-orogenic)

1837Ma Smaland Porphyr

>1700Ma Smaland Granite (granite to diorite)

1600-1355Ma Gotemar, Vibro and Uthammar Granite {post-
rogenic) :

The geological map of Aspd (appendix A-2) demonstrates the predominance
of medium grained granite including numerous dikes consisting of fine
grained granite. More basic rock types like greenstones and meta-andesites
crop out in north-eastwards elongated shaped belts, mainly in the southem
part of the island.

The granitic rocks belong to the Smaland-Varmiand Intrusive Complex dated
between 1800Ma and 1700Ma. The granitic rocks are divided by older, basic
rock types which occur in small elongated "massifs” (partly hybridised) and as
xenolithes. All the rocks are intruded by several generations of fine grained
granites which can partly be related to the intrusion of the post-orogenic
Gétemar Granite (1600-1455Ma).

in the tunnel the Smaland Granite and Aspd Diorite (Smaland-Varmiand In-
trusiva) are the dominating rock types (85% of tunnel section 0 to 0/700m). In
the field and underground it is often impossible to map them as different rock
types, because sharp contacts are missing. The specific weight (<2.63gr/cm?
=> Aspd Diorite) has been defined to distinguish these rock types.

During tunnel mapping the Aspo Diorite can be identified by a generally
darker colour and a in homogeneous texture. Greenstones, small massifs of
fine grained granite and dikes are also mapped as individual rock types dur-
ing the construction work. Geochemically the granitic rock suite covers the
range from "true" granites to quartz-monzonites and diorites. The main geo-
logical events are summarised in appendix A-3.
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Modal classification of meta-volcanics and granitoids according to IUGS
(from: PR 91-22).

REGIONAL LINEAMENT PATTERN

On regional scale it is possible to define "three classes" of fracture zones.

The first order fracture zone (Fig.4) is an orthogonal developed system of N-
S and E-W striking fractures zones extending over tens of km with a widths of
several 100 meters, indicated by morphological and strong geophysical evi-

“dence. The N-S fracture zones can be correlated with extensional stresses.

More complex are the E-W ones, within which mylonites give indications to
ductile deformation phases, which have been overprinted by semi-ductile
strike slip movements. The Aspd Shear Zone is regarded as a first order
fracture zone.

The NW-SE, NE-SW striking fracture system of the second order is ortho-
gonal developed as well (Fig.4). Surface investigations suggest an average
extension of 10km and a width of 100 to 200m. Fracture systems of the "third
order" striking NNW-SSE (not shown in Fig.4) are considered as a conjugate
fracture system to the N-S striking ones.

Granite, postorogenic, medium-
grained (Sméland granite)

Granite, enorogenic, coarse-
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In the prediction reports, fracture zones have been subdivided in major frac-
ture zones (7= second order fractures; width more than 5m, e.g. NE-1, NE-2)
and minor fracture zones (?= third order fracture zones; width less than 5m).

Two first order fracture zones split Aspd Island in four segments. The E-W
striking one - the Aspd Shear Zone - divides the island in a northern and a
southem block. A lineament study of the Simpevarp area and the classifica-
tion in blocks of certain order is presented in PR 25-88-01.

Beside the classification according to strike, width and spacing, hydro-
geological characteristics (water conducting - yes-no,) and the "level of reli-
ability" were input parameter to define fracture zones. Note that work on the
classification and definition of fracture zones and fractures is in progress.
During the pre-investigation phase a comprehensive geological, geohy-
drological and geophysical research program has been carried out. One
result is the general tectonic model based on surface mapping, boreholes

and geophysical investigations.

Aspd is divided into a southen and northem part by the so-called Aspd
Shear Zone. This mylonitic zone has a ENE-WSW strike direction and dips
steeply to the north. Morphologically, this first order fracture zone is indicated
by a dominant depression. The zone is characterised by an intense fra-
cturing, a strong foliation and mylonitic parts often extending tens of meters

(Fig. 5).

Aspo Hard Rock Laboratory

Generalized geological-tectonic model of the Simpevarp area

Site investigations
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Fig.4: Regional model of major bed rock units and geophysically indicated

structures of the Simpevarp area.
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Beside this prominent tectonic element north of the HRL, there are several
other hydraulically important fracture zones mainly striking E-W and NW.
(Fig.8). The dip of these fracture zones varies between 70° and 90°. The
width of major fracture zones is generally more than 5 meter (second order

fracture zones. major fracture zones).

During the excavation of the northwards directed access tunnel, several of
these major fractures zones have been crossed. Intensive investigations
have been carried out to characterise major fracture zones. The results have
been documented in several reports (e.g. PR 25-92-18, and references
therein). Additionally the fracture network of Asp6 is characterised by minor,
steeply dipping, NNW and NW-striking fracture zones. Fracture mapping on
Aspd showed the dominance of the N60°W, N5°W and N60°E directions.

With geological and geophysical methods used during the pre-investigation
phase, it was possible to predict the major fracture zones satisfyingly (cf. TR
91-22). In the case of the minor fracture zones however, the extrapolation to
a depth of more than 90m is uncenrtain.

Geological-tectonical model of the island of Aspd

0 100 200 300 400 500 m

KASO3

]

Nerthern Block KASO4

| i —

Fig.5:

Location of the Asp6 shear zone and the HRL.
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Generalised geological and tectonic model for Aspé Island based on
the pre-investigation phase.

Some remarks on the fracture classification system used in the
predictions (extracted from SKB TR 91-22)

The nomenclature of fracture zones in the prediction reports and the geologi-
cal mapping underground follows the "guidelines for-the use of nomenclature

of fractures, fracture zones" .

According to these guidelines "the term fracture zone is only used if geo-
logical field evidence supports the assumption that the intensity of natural
fractures in a zone is at least two times the mean fracture intensity in the sur-
rounding rock'. To define the level of reliability, separate definitions as
"nossible, probable and certain are used". The term major fracture zone is
used for a feature with a width of more than 5 meters and an extent of
several hundred meters. Zones less than 5 meters wide and of restricted ex-
tend, are called minor fracture zones.

On Aspd several narrow (dm - a few meter wide) fracture zones, striking
NNW have been mapped (Fig.6). A few of them are indicated
morphologically. Geophysical methods do not allow an unambiguously identi-
fication because the zones are too narrow. However VSP, borehole informa-
tion and hydraulic tests suggest steep dipping, N to NW striking structures.




2.1

Fig.7:

GENERAL CHARACTERISTICS OF THE INVESTIGATED
AREA

OVERVIEW TUNNEL SECTION 1/600 TO 2/000M

During the construction geological and hydrogeological data are summarised
to 150m sheets (overview documentation). Those conceming tunnel section
1/600 to 2/400m are presented in appendix B-1. Data of the routine geo-
logical mapping, fracture zones and some hydrogeological data are stored in
different files of the data base. These files are structured according to the
length of blasted sections (ca. 4-5m).

The data which have been used here, include the geological mapping and
fracture characteristics like length, fracture minerals and geometry in par-
ticular. Within this part of the tunnel section more than 4000 fractures have
been mapped (cf. appendix B-2). Every fourth blasting round, two probe
holes are drilled to estimate the water inflow of the next 20m of excavation.
To minimise the water inflow, pre-grouting is carried out if the water inflow

rates exceed a certain level (S5/min).
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A 1610 1765 155 -2234 -239,5 N
B 1765 1910 145 -239,5 -268,5 NE
C 1910 2055 145 -2685 -2774 SE
D 2/055 2210 155 2774 -296,3 S
E 2210 2365 145 -296,3 -319,3 Sw

Layout of the first tunnel loop and location of grouted sections
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Fig. 7 shows the general layout of the first spiral loop and the location of the
grouted sections. The first loop is approximately 800m long and includes a
vertical section of 95m starting at a depth of 223m below surface level. Each
leg of the spiral (labelled from A-E) is ca. 150m long. For the investigation of
the "NNW" striking fracture system tunnel section 1/600 to 2/400m has been

chosen.

ROCK TYPE

In the first loop of the spiral (tunnel section 1/600 to 2/400m) the dominating
rock types are the Aspo Diorite (PSF) and the Smaland Granite (PSE)
(approximately 80% of the rock mass). Within this section ca. 12% are built
up of fine grained granite (HSC). The fine grained granite may locally domi-
nate, but the length of these tunnel sections does not exceed more than
50m. Greenstones (VB) are relatively frequent from tunnel section 1/600 to
1/690m, only. In Fig.8 the rock composition of the main rock types is plotted
against the tunnel length. HSC is a major rock type between sections 2010 to
2050m and 2230 to 2250m.

For the interpretation of the fracture distribution pattern and zones of
enlarged water inflows, the distribution of HSC is important, because previous
investigations suggest, that HSC shows a more brittie behaviour (fracture
length, fracture spacing, transmissivities etc.) than the other rock types.
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Fig.8:

Rock composition for tunnel sections 1600 to 2400m. The composition is cal-
culated for 20m long intervals of the tunnel; Greenstones and dykes are not
shown here. Aspé Diorite (PSF); Smaland Granite (PSE);Fine grained
Granite (HSC).
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2.1.2 FRACTURE STATISTICS
From tunnel section 1/400 to 2/500m altogether 4285 fractures have been
mapped with fracture lengths exceeding 1m, in order to exclude fractures
generated by blasting. The average fracture length is 3.2m; the fracture
length distribution is log-normal (Fig.9). 7.6 % of all fractures have been
mapped as "water conducting”.
Note, that it is not always possible to relate the water inflow to one specific
fracture. In such cases "areas" of water inflow have been mapped during the
routine geological mapping. additionally pre-grouting has been performed to
minimise the water inflow. Thus, fractures with "grout" have been assumed to
be water bearing, but it has to be taken into account that it is difficult to iden-
tify minor grout infilings from A distance (e.g. tunnel roof). This means that
the number of water conducting fractures is probably higher than estimated
here.
Fequency distribution
700 T - 100
650 1+ | 50
600 +
550 + - 80 R
500 + 4 70 i
450 -+ + >
2 400 1 0 =
3 350 + +50 S
8 300+ 140 E
250 + £
200 + T 3
100 1 7%
T sislefe +10
sg i A 'EHHHF‘”H”"‘ .................... - P O
c - ~N ™ < B © ~ [-o] (=] o - o~ (] < > (=4 ~ -] o (=]
o - - - - - - - ~
intersected Length (m)
Fractures Section Fracture per
from to  Counts Average Total length meter of tunnel
% (m) (m)
all 1400 2500 4285 3.2 1100 39
Grouted sections 878 33 207 4.2
fractures water 1400 2500 287 66 46 1100 0.3
conducting
fractures with 1400 2500 71 6.7 1100 01
grout
Fig.s: Frequency distribution and summary statistics of all fractures from sections

1/400 to 2/500m; (cf. App. B-4, mapped fracture zones aré excluded here cf.
chapter 4). Fracture length has to be considered as intersected fracture
length; not corrected for sampling bias.
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21.3

FRACTURE ORIENTATION

The stereo plots including all fractures indicate a dominant NW-SE (305°)
strike direction with steeply dipping fracture planes (70-90°), and a weak but
not significant sub horizontal dipping system (appendix B-6 a,b). Other
fracture sets, like NE-SW (corresponding set to NW-SE) are statistically
unimportant.

From the statistical point of view water conducting fractures and fractures
with grout infillings (water transport) are characterised by the same major
strike directions (appendix B-6 c,d,e,f). To check if tunnel sections of
enlarged water inflow (grouted sections) differ in their fracture orientation
pattern, the poles of fracture planes in grouted sections have been plotted
(appendix B-7). It can be concluded that the (statistical) orientation pattern of
water bearing fractures, fractures with grout, or fractures of grouted sections
do not differ significantly from each other.

12



3.1

Tab.1:

GENERAL CHARACTERISTICS OF GROUTED SECTIONS

GENERAL REMARKS

Pre-grouting is performed if the water outflow from probe- or blast holes ex-
ceeds a certain limit (5 Vmin). The length of the individual grout holes varies
between 9 and 20m. Normally the side walls and the roof are grouted. The
spread of the grout is expected to vary between 5-15m. The water outflow
rates from blast holes varies between 50 and >>1000l/min.

Within the 765m of the investigated area 27% of the tunnel have pre-grouted;
12 sections varying between 10 and 50m in length. The location of the
grouted sections is shown in Fig.7; Tab. 1 has been compiled from the

grouting protocol's.

Grout from to Length Grouted % Injected grout ~ Grout/meter
section of drill hole
(m) (m®) (m?)
LEG-A 342
G1 1697 1750 53 17843 0.3
G1-1 1697 1706 9 3084 0.3
Gi-2 1717 1732 15 12139 0.8
G1-3 1738 1750 12 2620 0.2
LEG-B 6.2
G2 1865 1874 9 8220 0.9
LEG-C 16.6
G3 1920 1930 10 3926 04
G4 2013 2027 14 52.9 © 23556 1.7
LEG-D :
G6 2083 2126 43 41357 1.0
G6-1 2083 2092 9 4976 0.6
G6-2 2100 2126 26 36381 1.4
G7 2142 2161 19 269 5252 03
LEG-E
G8 2192 2202 10 1332 0.1
G9 2227 2236 g 1832 0.2
G10 2276 2288 12 4756 04
G11 2301 2310 9 2874 03
Gi2 2351 2360 9 7025 0.8

Grouted sections; general information
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In the following the “closely spaced" grout-sections, like G 6.1 to G 6.3, have
been treated as one unit. Note, that in the northwards directed tunnel legs
more grouting had to be carried out than in the other parts. The low angle of
intersection between water conducting N-S striking fractures (connected to
the tunnel by minor E-W striking fracture sets) could be one explanation.
Another possibility would be an (absolute) increased fracture frequency.

3.11 ROCK COMPOSITION OF GROUTED SECTIONS
The average rock composition of the grouted sections (Fig.1 0) does not differ
from the (averaged) rock type in the tunnel. Greenstones seem to be under-
represented in the grouted sections, but they are frequent in the first tunnel
leg-A, only. The rock composition of the individual grouted sections G-1 to G-
11 and the tunnel average is presented in the table below Fig.10.
Rock composition of grouted sections
HSB + :/B <1% HSC
1% 11.7%
PSF PSE
60,9% 27,3%
G1 G2 G3 G4 Ge G7 G8 GO G10 G111 Grout | Tunnel
average| average
HSB 1.0 5.0 - 0.1 0.5
HSC 04 03 60 262 10 241 630 73 11.7] 117 13.6
PSE 89.4 997 90.7 82 36.0 27.0 22.7
PSF 8.6 940 738 7.3 676 950 927 883 60.7 57.1
VB 0.0 1.0 0.1 6.2
Fig.10: Average Rock composition; % of grouted sections G-1-G-11;

Aspé Diorite (PSF); Smaland Granite (PSE);Fine grained Granite (HSC)
Veins (HSB) Greenstones (VB)

in grouted sections 4, 7, 9, fine grained granite is a major rock type (26%,
24% and 63%). However, the volume of total injected grout per meter of grout
hole is not directly related with the occurrence of fine grained granite, which
could have been expected from the more brittle behaviour of this rock type.
These data suggest that “"grouting” cannot be correlated with the occurrence
of one particular rock type. Other factors have to be considered.

14



FRACTURE ORIENTATION IN GROUTED SECTIONS

3.1.2
The dominating fracture set is striking NW-SE (305°/70-90°) with a corre-
sponding set of NE-SW (orthogonal fracture pattern appendix B-6 a-g). Sub-
horizontal fractures are present, but do not form well defined maxima in the
overview plots.
Although the significance level of these contoured diagrams is low (few frac-
tures), these diagrams are helpful. If "NNW" striking fractures form zones and
are major water conducting structures as well, these strike direction should be
indicated by maxima in the stereogramms.
Tab. 2 and apeendix B-7 illustrate the fracture orientation pattern of grouted
sections. Beside "normal” NW-SE striking fractures with steep dipping planes,
which are present in all sections, there are some indications for a second N-S
striking set in sections 2, 4 and 11. Sub-horizontal fractures are "frequent” in
sections 6, 8 and 10.
Number __ Strike Dip Remarks
All fractures 4285 305 NW-SE
Water conducting 287 300,12 NW-SE
fractures
Fractures with 71 NW-SE
grout
Fractures within 878 305 NW-SE
growtedsectons_ | _ _ ___ ______
Grout section Nr.. Strike NW-SE N-S subhorizontal
maxima
G1 290 305, 12 X x? few subhorizontal
fractures
G2 43 360,11 X X
G3 36 x?
G4 64 x? x? evenly distributed
fractures
G6 179 310,20 s-horizontal x? X orthogonal set
G7 78 310,130 XX
G8 45 280,12 s-horizontal X
G9 18 X 18 sampling points
only
G10 €5 285 X
G11 55 8 X X x? in addition broad
distribution around
270
Tab.2: Main strike directions of fractures in grouted sections, water bearing fractures

of tunnel section 1/600m to 2/400m (strike maxima within grouted sections xx
= well defined maxima", x = less defined , x? questionable, further ex-
planation cf. text).
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3.1.3

Fig.11:

The stereogramms of grouted sections (representing zones of high water
inflow) do not suggest that N-S striking fractures are the dominating ones. If a
N-S striking fracture set is important with respect to the water transport, they
appear to be single fractures, rather than single fractures and not as fracture
zones. With respect to water transport in the area of grouted sections, it
seems that the intersection of various fracture systems is dominating com-
pared to the occurrence of one fracture system. In this chapter data of the file
stracture.dbf* (= SKB - code of Tunnel Mapping System)are presented.
Mapped fractures zones have been treated separately (c.f. chapter 4) be-
cause of difficulties in combing the data sets.

FRACTURE STATISTICS OF GROUTED SECTIONS

Fracture statistics and the frequency distribution of intersected fracture length
(tunnel section 1/600 to 2/400m) have been calculated, to compare these
average values with those of grouted sections or the N-S fracture system.
However, this information has to be considered relatively, because the meas-
urable fracture length depends on the orientation of the fractures relative to
the tunnel axis.

Approximately 54% of all fractures are shorter than 3m (tunnel 65%), 78%
are found in the length class >4m (tunnel 79,5%). The average length in
grouted sections varies from 2.9 to 4.1m (mean 3.2m); the tunnel average is
3.3m. The data set of grouted sections shows no significant differences to
the average tunnel values (c.f. Fig.1 1).

Frequency distribution of intersected fracture length
grouted sections
160 + - 1
0+ [ + 09
i - 0.8
120 + R
e . 07 o
-+ Y
w T Y +06 2
= 1 =
3 & _ 105 5
8 . 1 E
60 1+ : 04 g
M +03
ot [HIHT- ©
! +02
207 H IR H : 101
o oL .'.u....ﬂ:’“:“‘:"‘:”:”:._r":r‘r-*:,::h'::::._:::,o
£ -~ o o < I O N~ ©® O O v o e A I - =
groaes 2Tl ey s s s m T o
Intersected Length (m)

Frequency histogram of fracture length in grouted sections, cf. with Fig. 9
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3.14

Fig.12:

FRACTURE MINERALOGY OF GROUTED SECTIONS

The dominating fracture minerals are chlorite and calcite, which are present
in 64% and 50% respectively, of all mapped fractures compared to values of
61% and 48% within the overall investigated tunnel section (short cut tunnel’
used in the following paragraphs).

At the surface the N-S striking fractures are characterised by epidote (often
rimmed with quartz). Calcite and red-stained walls predominate in the N-S
fractures (Fig.12).

quarts ° ‘ epidote
N N

ractures 36 rfraczures

7T
s Fractures correspoad to radius 4.7% Fractures correspond to radius
caicite red staining
N N
22 Fractures 178 Fraczures
3.5 Fractures correspond to radius 24.5 Fractures correspond to radius

Rosette diagram for factures on Aspo (from: SKB PR 25-87-05).

According to Munier (1992) the epidote/quartz assemblage can be related to
one of the earliest fracturing events. The postulated mineralogical sequence
from quartz, epidote, Fe-oxide, chlorite and calcite (representing separate
fragmentation events) is supported by the decreasing formation temperature
of these minerals.

Comparing the average fracture mineral distribution of grouted sections with
the tunnel average (Fig.13), weak indications for an increased occurrence of
epidote filled fractures can be found (13,5% tunnel - 21,1% average of
grouted sections). Note that the occurrence of oxidised walls shows the con-
trary picture (19,1% tunnel - 10,7% average of grouted sections)! Quartz is
probably underestimated in the tunnel, due to identification problems of
quartz and calcite from a distance.
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The distribution pattern calculated for each grouted section (Fig.14, Tab.3)
ilustrates the increased occurrence of epidote in grout sections 2 and 10. If
the identification problem of quartz is taken into account, grouted sections 2,
8 110 are characterised by more frequent quartz infillings. Mineral par-
ageneses have not been calculated. However, the data presented here, give
some indications for an increased occurrence of epidote, oxide and quartz
("old" fracture mineral assemblage) in grouted sections 2, 8,10,11. In other

cases only one mineral ( and not a mineral assemblage) is more frequent in
grouted sections; but note the differences are minor in all cases.

Fracture minerals

{Count * 100/ number of fractures)

[El Grout sections O TunnelJ

Fracture minerals of grouted sections compared to average values of tunnel
section 1/600 to 2/400m. KL- chlorite, Ka- calcite, Ep- epidote, OX- oxide,
QZ- quartz, CY- clay, MY- mylonite, IJ- grout

Fracture minerals of grouted sections

count"100/number of fractures

[WKL OKA @EP 0OX mQZ 51J ®CY |

Fracture minerals in grouted sections KL- chlorite, Ka- calcite, Ep- epidote,
OX- oxide, QZ- quartz, CY- clay, MY- mylonite, IJ- grout (G1-G11 cf. Tab1,
Tab.3 respectively).
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KL KA EP ©OX @z ¢cY W Vein MY
G1 40.1 299 71 143 1.0 19 4.4 0.0 02 Grout Tunnel
sections
G2 316 221 137 179 21 42 53 00 00Kl 429 398
G3 417 267 100 17 0.0 33 1.7 0.0 1.7} |KA 204 315
G4 454 361 0.9 9.3 19 08 56 0.0 0.0| |EP 6.9 86
G6 387 400 38 9.8 0.0 2.1 17 0.0 0.0} |OX 118 124
G7 333 841 57 171 08 41 16 00 00} |GZ 12 21
G8 468 241 51 12.7 338 38 1.3 0.0 13| |[CY 22 19
Go 650 250 50 0.0 0.0 0.0 8.0 0.0 00f |V 37 0.8
G10 439 243 112 75 28 1.9 6.5 0.0 0.0} |Veins 21 22
G11 363 319 62 177 0.0 0.0 4.4 0.0 0.0{ |[MY 03 07
Counts*100/number of fractures
KL KA EP OX Qz N cY MY
a1 666 497 117 238 17 7.2 3.1 03 Grout Tunnel
sections
G2 625 438 271 354 4.2 #H 83 0.0 KL 646 61.4
G3 694 444 167 19.4 0.0 2.8 56 28 KA 503 487
G4 766 609 16 156 3.1 9.4 16 0.0 EP 211 133
Gé 508 525 50 128 0.0 22 2.8 00 OX 10.7 19.1
G7 526 538 90 269 13 26 6.4 0.0 QZ 1.8 33
G8 g22 422 89 222 67 22 6.7 22 cY 35 29
G9 722 278 56 00 0.0 56 0.0 0.0 J 6.0 12
G10 723 400 185 123 46 ## 31 0.0 Veins 34 34
G11 745 655 127 364 0.0 8.1 0.0 0.0 MY 3.0 1.0
Tab.3: Fracture mineralogy in grouted sections; for comparison tunnel average
KL- chlorite, Ka- calcite, Ep- epidote, OX- oxide, QZ- quartz, CY- clay, MY-
mylonite, IJ- grout
3.15 WATER OUTFLOWS FROM PROBE HOLES

Probe holes, with a normal len
fourth round of blasting with an
sides. The main purpose of the probe
built up tests). Furtherm

(outflow, pressure

water inflows whic
The lithological / structural info
cored. The main lithologies are
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water. The outflow rates of both probe holes in one section and values nor-
malised to length of the probe holes are presented in Tab.4 (c.f. appendix B-
5 complete data file). '

Probe holes of sections 2/222m (568/min), 2/074m (500V/min), 1/713m (520
Ymin), 2/090m (291V/min) and 1/881m (111Vmin) are characterised by major
water inflows. The average is 54 V/min or 1.54 Vmin/meter drill hole. The nor-
malised values are plotted against tunnel section in Fig.15.

Probehole data should be compared only qualitatively with other character-
istics, because the exact inflow points in probe- and blast holes were not
known. However, note that the main inflows from blast holes differ from the
main inflows observed in the probehole drillings. Thus the probe holes do not
intersect the main water bearing structures every time. For a more detailed
investigation points of water inflow in probe- and blast holes and their esti-
mated intersection with the tunnel should be calculated.

Probehole | Section Quantity Length  Quantity Probehole | Section Quantity Length Quantity
a+b (m) (/min) (m) _ Vmin//meter a+b (m) {I/min} {m) _ Umin//meter

1614 1610 530 39.70 0.13 1938 1940 _ 0.76 39.40 0.02
1629 1630 273 39.80 0.07 1960 1950 13.21 51.90 0.25
1643| 1650 845 4020 0.21 1975 1970 2.04 39.50 0.05
1664 1670 0.01 40.30 0.00 1997 1990 57.00 38.90 1.47
1680, 1690 77.40 36.00 2.15 2009 2010 0.28 38.90 0.01
1696] 1695 9.07 39.30 0.23 2025 2030 92.80 60.30 1.54
1713 1710 32024 39.50 8.11 2043 2050 0.00 20.50 0.00
1730 1730 11.5656 39.20 0.29 2058 2060 1.46 40.00 0.04
1746] 1750 350 39.80 0.09 2074| 2070 500.27 58.70 8.52
1759 1760 4.00 40.60 0.10 2090 2090 291.00 34.50 8.43
1777 1770 0.63 40.00 0.02 2109 2110 43.03 39.80 1.08
1794 1790 0.03 39.30 0.00

1815 1810 0.20 40.20 0.01 2142 2150 9.80 40.60 0.24
1828| 1830 8.95 40.00 0.22 2160 2170 - 1.18 39.80 0.03
1844; 1850 47.80 39.90 1.20 2175 2180 0.17 4080 0.00
1861 1870 111.00 40.20 2.76 2192 2190 20.70 39.60 0.52
1877 1780 0.08 19.80 0.00 2207 2210 0.21 40.00 0.01
1893} 1890 050 20.00 0.03 2222 2230 568.60 24.00 23.69
1893] 1900 0.66 20.00 0.08 2240 2250 1.65 39.30 0.04
1909, 1910 0.14 38.70 0.00 2256 2260 0.17 39.60 0.00
1920] 1830 0.02 39.70 0.00 2256| 2260 0.17 39.60 0.00

Tab.4: Water outfiow rates in probe holes from tunnel section 1/600 to 2/300m.

Probe Hole a = left side of tunnel, b = right side of the tunnel
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 Fig. 15:
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Normalised outflow rates (/min/meter of probehole) from probe holes (a and
b), plotted against tunnel sections. Probehole data from section >2/300m
were not available. Grouted sections from tunnel meter 1697-1750, 1885-
1874, 1920-1930,2030-2027, 2083-2126, 2192-2202, 2207-2236.

CHARACTERISTICS OF GROUTED SECTIONS - SUMMARY-

Occurrence _in the tunnel: 27% of the investigated tunnel length have been
pre-grouted with section lengths varying between 10 and 50m (Fig.7). Most
grouting has to be performed in tunnel legs A and D (34% and 53%
respectively) (Tab.1).

Rock volume: The average rock composition of all grouted sections is
comparable to the tunnel average if diorite and granite are treated as one
group. Fine grained granite is important in three sections (G-7 24%, G-4 26%,
G-9 63%) (Fig. 10). However, most of the grout was injected in grout sections
G-2,4,6.2).

Fracture orientation: The dominating strike direction of grouted sections is the

NW and E-W direction. Several strike directions are indicated in grout
sections G-2, G-8 and G-6 (App.B-7. Tab.2).

Fracture statistics: The average relative fracture length and frequency
distribution within the grouted sections is similar to those of the tunnel
(Fig.11). Fracture frequency. A significant increase of N-S striking fractures is
present in sections G-2 and G11.

Mineralogy: Some indications for an increased occurrence of epidote,
oxidised walls and + quartz can be found; average values of all grouted
sections show close similarities to the normal fracture filling distribution (G-
2.8, 10,11, Fig.13, Tab.3).

Water inflow rates from probe holes: Major water inflow rates are found in
grout sections G-1, G2, G-6 and G-8 (Fig.15, Tab.4).

Tab.5 summarises some main characteristics of grouted sections
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Grout section Mineralogy Rack composition Fracture statistics ~ Strike maxima other ones Mapped frac.- zones
Grout/m Oulllow . Frac. Frac, Frac. NW- N-S sub horizontal present
driilhole per  length length SE

(m3) (V/min) meter per m counts

LEG-A KL KA EP OX 0Z W cY My iHSB HSC PSE PSF VB

G1 336.7 666 497 117 2388 17 72 31 03 04 894 8.6 54 29 54 290 305, 122 XX x? 2-1 atthe end

G1-1 342.7

G1-2 809.3

G1-3 218.3

LEG-B

G2 913.3 >300 625 438 274 354 42 104 83 00 03 997 4.2 31 4.2 48 360, 110 X X Z-4

LEG-C

G3 392.6 694 444 167 194 00 28 586 28 6.0 94.0 27 4.1 27 36 x? Z-7

G4 1682.6 766 609 16 156 31 94 16 0.0 263 73.8 3.7 34 37 64 X7 x? x?

G5 '

LEG-D

G6 961.8 508 525 50 128 00 22 28 00 10 1.0 907 73 3.8 3.2 3.8 179 310,20 subhorizontal XX X Z-6

G6-1 852.9

G6-2 1399.3

G7 2764 526 6538 9.0 289 13 26 64 00 24.1 82 678 3.6 34 3.8 78 310, 130 X

LEGE

G8 133.2 >1000 822 422 89 222 67 22 67 22 5.0 95.0 3.8 441 3.8 45 280,120  subhorizontal x) %

G9 2036 >1000 | 722 278 56 00 00 56 00 00 630 380 100 18 4.1 1.8 18

G10 396.3 723 400 185 123 48 108 3.1 00 73 927 48 34 48 €5 295 % x?

Git 319.3 >500 745 655 127 364 00 91 00 00 1.7 88.3 4.1 3.8 4.1 85 8 X X

Tab.5: Characteristics of grouted sections Mineralogy = Counts*100/number of fractures; other strike directions = indications x present, x? doubtful




MAPPED FRACTURE ZONES

Fracture zones are mapped underground if the fracture frequency increases
one or two orders compared to the surrounding rock (cf. chapter 1.3). In
some way this definition is problematic and subjective, because the fine
grained granite generally behaves more brittle than e.g. the Aspd Diorite.
Following the definition of fracture zone in a strict sense, "all" occurrences of
fine grained granite would then be fracture zones. Thus it depends (partly)
on the subjective impression of the mapping geologist, to decide whether a
section has to be called "a zone" or not.

In contrast to "normal mapping®, another mapping technique is used to
characterise fracture zones. The average spacing of fractures within a frac-
ture zone for example is mapped instead of the fracture length. In the short
time period for mapping, a detailed characterisation of fracture zones (e.g.
total number of fractures, intersection pattern etc.) can not be performed.
Appendix B-4 shows the data set "fracture zones" of tunnel sections 1/600-
2/400m. It is not likely to "mix" the data sets of fracture zones with those of
the "normal" mapping, due to the different mapping techniques. However,
the main strikes of fracture sets within zones give additional information.

Stereo plots of the 12 mapped fracture zones (App. B-8) suggest three main
strike directions.

1. NW-SE sometimes with a corresponding NE-SW direction
2. N-S fracture set
3. Sub-horizontal fractures

For the purpose of this work, the fracture zones have been numbered ac-
cording to their occurrence in the tunnel. This numbering is not equivalent to
the “fracture-id” in data sheet "fraczones.dbf", App. B-4. Note, that fracture
sones are missing in_the N-S directed tunnel leg A, although 53% of this
tunnel section were pre-grouted.

Within 9 of 12 fracture zones NW to WNW striking fractures dominate. N-S
striking fracture sets occur in 4, sub horizontal fracture sets in 3 mapped
fracture zones. In three cases intersections of fracture zones have been
mapped, two of them intersecting the long sub horizontal zone 1 (1/746-
1/853m), but no significant increase of water inflow has been recorded in
probe- or blast holes (overap fracture zone Z-2 with end of pre-grouting G-
6.3). In the case of intersection Z-3 with Z-1 no pre-grouting was performed.

Within tunnel sections 1/989-2/030m (fracture zones 6-9) a weak increase
of water inflow is recorded, probably due to the intersections of more com-
plex structures fracture zones within the fine grained granite. However, the
maxima of outflow rates in probe holes and from blast holes do not corre-
spond with mapped fracture zones, except in the case of Z-12. Tab.6 shows
the relationship of mapped fracture zones and the pre-grouted sections.
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Regarding grouted sections as zones of high water inflow, there is only a
weak correlation between fracture zones and high inflow rates (50%).

More work (field) has to be done on the characterisation of fracture zones
and their relation to the grouted sections to check the following statements:

- The dominating strike direction of mapped fracture zones is NW to WNW.

- There is no direct evidence for the correlation between mapped zones on
high water inflow rates.

- Intersections of fracture zones seem to be important with respect to the
water inflow rates only in the case of fine grained granites.

Grout- Frac- Main orientation of fracture zone Probehole  Outflow
section zone |at from to QOver NwW orntho NS Sub- Rock type Remarks at (V/min})
gonal horizontal
G-1 1697 1750 1680 77
1713 320
2-1 1746 1853 X X N atthe end of G1
2-2 1770 X 90% PSF intersects Z-1
z2-3 1832 X <90%PSE intersects 2-1
2-4 1845 1853 WNW X N intersection at the end of Z-1
G-2 1865 1874 X 1861 111
Z-5 1878 x) X 100%PSF grouting 10m infront of fracture Zone
63 1920 1930
26 1984 20051 WNW increased HSC
Z2-7 2013 20300 XX X x X x  increased HSC
G-4 2013 2027
z2-8 2018 2030 X increased HSC :‘gtgrsecﬁon with 2025 92
G-5 Z-9 X HSC 2'090 500
G-6 2083 21286
2-10 2118 2136 X X (x) normal grouting 30m infront of Z-10
G-7 2142 2161
zZ-11 2142 2147 X X normal
G-8 2192 2202 2222 . 586
2-12 2216 2260 x (x} x x increased HSC
G--8 2227 2236
G-10 2276 2288
G-11 2301 2310
G-12 2351 2360
Tab.6: Main strike directions of mapped fracture zones in relation to grouted

sections tunnel meter 1/600 to 2/400m.(N = normal, average rock
composition; x = present, (x) = questionable occurrence
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5.1

Fig.16:

N-S FRACTURE SYSTEM

GENERAL ASPECTS

Following the classification system used in the prediction reports, the so
called "NNW" striking fractures form minor fracture zones with a width of
several dm to a few meter, or they occur as single open fractures. The
identification by geophysical means is difficult because the fracture zones
are to narrow. Topographical indications are missing in most cases as well.
Hydrotests and drillings seem to support a "NNW" striking fracture set char-
acterised by increased transmissivities.

Steep dipping fractures have been grouped to a "NNW-system*, but a clear
definition in terms of the strike directions is missing. Reviewing some reports
this fracture set seems to include NNE and N-S to NW striking fractures.

Thus the first step was to define and characterise the "NNW" striking system
by underground data. In a second step attempts to relate (quantitatively) the
NNW-system to zones of major water inflows (grouted sections) were made.

N

Dip 70-90

Rosette diagram of fractures ‘mapped on Aspb6 Island
Dip 70-90 degree on mapped cells nr. 11,12, 14, 18,19

It is possible to separate two dominant strike directions; a N-S and a NW
one, using surface data of Aspd Island (Fig.16). Based on the suggestions
of R. Stanfors, it was decided to concentrate on the N-S striking fracture
system which probably represents the "so called" third order fractures” or
fracture zones. These fractures could be one of the major water paths. In
the following data from tunnel sections 1/600 to 2/400m are presented.
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5.2

5.2.1

FRACTURE STATISTICS

The data set has been subdivided in 10 degree strike intervals in order to
define a fracture set in terms of strike direction intervals and associated
characteristics.

The stereograms of all fractures (chapter 2.1.2ff; appendix B-8) suggest a
dominating strike direction NW around 310° (with a corresponding SE one).
Other strike directions are WNW to ESE around 270°

Several indications were found that it is useful to subdivide these fracture
sets in subgroups as well.

The N-S striking fracture system has been defined as follows:
N-S striking fractures (10 E to 340 W ) with a subdivision in:

- NNW 1 - 340 to 350° and 160 to 170°

_ NNW 2 - 350 to 360° and 170 to 180°

-NNE -0 to10° and 180 to 180°

NNW 1 and 2 are called the NNW striking fracture set; data sets including
the NNE direction as well are N-S striking fractures. 17% or 766 fractures of
all recorded fractures (4280) of tunnel sections 1/600 to 2/400m represent
the N-S striking fracture system.

RELATIVE INTERSECTED FRACTURE LENGTH OF N-S STRIKING
FRACTURES

Investigations on Aspd Island suggest that "NNW"-striking fractures are
probably longer than the other ones. Thus the first step was to split the data
set in strike direction intervals and to calculate the average length of the
individual classes.

Note that the data presented here are not corrected with respect to the
"size-bias" (longer fractures are more likely to be sampled than shorter
ones). Additionally fractures less than 0.5m are not mapped. The recorded
length also depends of the intersection angle between the tunnel line and
fracture. Thus the data must be considered as relative differences of frac-
ture lenath within the various strike intervals and not as "true” fracture length
distribution. In the following
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Average intersected fracture length
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320-330 [
340-350

Strike direction

Fig.17:

Average intersected fracture lengths within 10 degree strike intervals, tunnel
section 1/600 to 2/400m.

In contrast to the surface impression the fracture length distribution of all N-
S striking fractures is "equivalent” to other strike directions. Separating the
water conducting fractures from "normal” fractures (Fig.18), the following
statements can be made:

- The average fracture length of "normal" fractures including all strike direc-
tion intervals shows a homogenous distribution with a fracture length of
3.2m (average).

- Water conducting fractures are significantly longer (average 4.6m).

- Generally the longest water conducting fractures belong to the N-S and the
NW and E-W striking fracture set.
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Fig.18:

5.2.2

Fracture length distribution grouped in strike direction intervals of 10 degree.
Water conducting fractures include fractures with grout as well. Average
length of normal fractures is 3.2m - water conducting fractures is 4.6m.

These data support (in some way) the subdivision of fractures in a N-S (10-
340°) and an E-W (260-290°) interval. Note that the average fracture length
of the strike intervals 70-80° and 190-200° are one of the longest water
conducting fractures. No water bearing fractures have been recorded in
strike interval 200-210°.

FRACTURE FREQUENCY DISTRIBUTION IN 0.5M INTERVALS

The fracture frequency within the 0.5m intervals was calculated, although
the number of water bearing fractures within the N-S strike direction is less.
Water bearing fractures show a "shift" towards longer fractures. No fractures
<1.5m are recorded; a clear maximum within the range of 2-6.5m cannot be
defined within this group. The non water conducting fractures are log normal
distributed (Fig. 19 a,b). For comparison frequency distribution pattern of
normal fractures, water conducting N-S and E-W fractures have been plot-
ted within one diagram (Fig.20).

As it could be expected (Fig.17) the frequency distribution pattern of all N-S
striking fractures does not differ from the average length distribution pattern.
Water conducting N-S fractures show a shift to longer interval groups, even
compared with the "long" water conducting E-W striking ones. The E-W
system is "in-between" the normal and the N-S frequency distribution.

Sequence: tunnel average + N-S normal fractures --> water conducting E-W
fractures --> water conducting N-S fractures.

These data also support the subdivision in a N-S and an E-W striking frac-
ture set. Due to time limitations the E-W striking system has not been sub-
divided, although some evidence suggest to group them in a NW and an E-
W striking system.
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Fig.18: Frequency histograms N-S striking fractures;

a= normal, b= water conducting
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Fig.20:

5.23

Fig.21:

Intersected Fracture length
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Frequency histograms of N-S water conducting fractures compared to E-W
water bearing and the distribution pattem of normal fractures and tunnel

average.

FREQUENCY OF WATER BEARING FRACTURES IN STRIKE INTERVALS
OF 10°

As mentioned above, about 17% of all fractures belong to the N-S striking
fracture (N-S interval = 11% of 360°).

7.6% of all fractures have been mapped as water bearing compared to 4.0%
within the N-S striking fractures. In comparison to the E-W striking fracture
set the frequency of N-S striking water conducting fractures is generally
lower. Minima are present within intervals 160-210° and 60-80° (Fig.21,
Tab.6).

Frequency of water conducting fractures

o

10T RIEIRIRISTS 1 i =
[ . : 1 average 7.6 ] : 1 .

% of water conducting fr

Strike direction

Frequency of water conducting fractures within 10° strike intervals.

Considering that a reactivation of fractures leads to a concentration of
longer fractures at the cost of shorter ones, these data could indicate such a
reactivation process. However, this has to be proven by additional structural
analyses. It is remarkable that the frequency increases around strike direc-
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tion 90 to 160°, but there is no clear correlation between the average frac-
ture length and the frequency of water conducting fractures in this case.

Fracture length (m)
Strike Normal Water- Water- °% Water conducting  Total ‘Water-  Grouted®
conducting Normal

0-10 34 6.5 3.1 4.0 227 9 1
10-20 3.4 4.0 0.6 75 174 13 3
20-30 33 4.4 1.1 7.6 132 10 0
30-40 3.0 4.1 11 8.3 144 12 1
40-50 35 4.2 0.7 5.0 120 3 [+]
50-60 32 42 1.0 3.1 127 4 0
60-70 33 4.6 13 25 118 3 1
70-80 3.0 6.7 3.7 1.3 76 1 1
80-90 3.6 4.8 12 6.1 99 6 2
80-100 3.0 42 1.2 139 115 16 4
100-110 3.2 5.8 26 10.9 138 15 4
110-120 28 36 08 10.7 196 21 6
120-130 26 4.4 18 16.9 154 26 6
130-140 3.0 4.4 14 9.8 112 11 2
140-150 3.0 4.2 1.2 129 85 11 (o}
150-160 3.2 4.6 14 88 80 7 2
160-170 3.2 54 22 16 63 1 0
170-180 3.0 52 22 57 53 3 1
180-190 3.1 4.0 0.9 29 70 2 1

190-200 35 6.7 3.2 13 76 1
200-210 35 0.0 80 0 0
210-220 35 24 141 29 €9 2 0
220-230 3.6 4.0 0.4 8.1 86 7 0
230-240 3.2 34 0.2 ' 49 81 4 1
240-250 3.2 4.7 15 3.8 80 3 1
250-260 3.3 29 -04 7.3 55 4 1
260-270 3.3 4.2 0.9 438 - 83 4 2
270-280 3.2 5.2 2.0 8.8 80 7 2
280-290 2.8 6.2 34 11.7 120 14 3
290-300 3.0 4.6 1.6 8.8 148 13 2
300-310 3.0 4.1 1.1 14.0 200 28 4
310-320 2.9 39 1.0 6.3 158 10 3
320-330 3.8 5.7 1.9 6.7 164 11 3
330-340 3.0 42 12 104 164 17 2
340-350 29 53 24 47 170 8 0
350-360 3.1 5.2 2.1 8.2 183 15 5

3.2 4.6 7.6
Tab.7: Average intersected fracture length, frequency distribution of water

conducting fractures within 10° strike intervals; (bold = extreme values;
further explanations cf. text)
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5.3

FRACTURE MINERALOGY

The fracture mineralogy has been calculated for the following data sets:
- "Normal" N-S striking fractures (10-340° and 160- 1909)

- Water conducting fractures N-S

- Water conducting E-W fractures (long fractures according to Fig 21)

- All "long" water conducting fractures '

A subdivision of fractures e.g. according to dip (sub-horizontal fracture set)
would probably lead to better results, but due to the time restrictions, this
was impossible. Mineral parageneses have not been calculated for the
same reason. For comparison averaged data of fractures of tunnel sections
1/600 to 2/400m have been used (cf. App. B-2).

The mineralogy of N-S striking, normal (non-water conducting) fractures
shows minor differences to the average tunnel values only (epidote, oxide
and quartz more frequent; Tab.8.) Within the group of water-conducting, N-
S striking fractures, these three minerals and chlorite are significantly more
frequent especially in the strike direction intervals 340 and 350°.

To get an idea if this distribution is strike dependent or related to the occur-
rence of water, the mineralogy of E-W striking, water conducting fractures
(270-290°) was calculated as well (Fig.22.b). The main difference to the N-S
set is the predominance of calcite instead of chlorite. Generally epidote,
oxide and quartz are less frequent compared to the tunnel average and the
N-S striking fracture set. Remarkable however is the “"high" frequency of
epidote and ox in strike directions 110° respectively 290°.

For the characterisation of the N-S striking fracture set these data can be
summarised as follows:

AU e

- Epidote, quartz, and oxide are more frequent in the water conducting N-S
fractures compared to the tunnel average; insignificant differences to normal
N-S fractures.

- This characteristic is strike dependent (and not a fact of water circulation)
suggested by the comparison with the E-W data set.

- The fracture mineralogy justifies a definition of a N-S fracture set.

- Considering the sequence of fracture fillings with calcite as one of the lat-
est minerals (Munier, 1992) the predominance of calcite in the E-W fracture
set would indicate late water circulation especially within E-W striking
fractures.

The N-S fracture set with epidote, quartz and oxide together with chlorite,
would then represent a fracture set probably with minor late water circula-
tion. However, these can only be preliminary conclusions (mineral par-
agenesis and structural analysis are not considered or missing).
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Water conducting N-S

Strike KL KA EP oX QzZ 1J cY MY
~ 10 100.0 444 11.1 0.0 11.1 11.1 0.0 0.0
360 333 333 20.0 20.0 13.3 0.0 0.0 0.0
350 77.8 444 33.3 444 0.0 11.1 222 0.0
all 78.4 51.4 29.7 18.9 10.8 216 10.8 0.0
Water conducting EW
110 333 73.3 40.0 0.0 6.7 20.0 13.3 6.7
280 429 71.4 286 0.0 0.0 286 0.0 0.0
290 50.0 71.4 0.0 214 0.0 214 0.0 0.0
all 417 722 222 8.3 28 222 5.6 2.8

All (long) water conducting fractures
60.3 61.6 26.6 17.7 6.8 219 8.2 1.4 J

N-S normal fractures

10 76.3 50.9 18.4 28.1 53 0.0 0.0

360 76.5 49.7 20.1 322 121 2.0 27

350 68.6 516 25.8 258 4.4 44 i3

N-S 72.5 46.9 205 257 6.7 24 1.1

190 68.7 343 16.4 134 3.0 0.0 1.5

180 53.1 327 18.4 204 10.2 0.0 0.0

— 170 78.3 38.3 217 18.3 6.7 0.0 0.0

Tunnel section 1600 to 2400
[ i 61.4 487 13.3 19.1 33 1.2 2.9 1.0 |

Tab.8: Fracture mineralogy (counts*100/number of fractures);KL- chlorite, Ka- calcite, Ep- epidote
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Fig.22 a-c: Fracture mineralogy. a= water conducting N-S striking fractures, b= water

conducting E-W striking fractures, ¢= summarising histogram tunnel average
section 1/600 to 2/400m. KL- chlorite, Ka- calcite, Ep- epidote, OX- oxide,
QZ- quartz, CY- clay, MY- mylonite, IJ- groutN-S (340-10°) NS water
conducting; E-W 270-290+110°) E-W water conducting (the term "all" refers
to average values including the corresponding strike directions).

34



5.4

5.4.1

Fig.23:

DISTRIBUTION OF N-S FRACTURES IN THE TUNNEL

FRACTURE FREQUENCY

Up to now it has been demonstrated that N-S striking fractures form an
"independent set" characterised by certain, "ynique" fractures. Thus one of
the basic question is their distribution in the tunnel, in order to define frac-
ture zones or a set of individual fractures.

The possibility that N-S striking fractures will intersect (and be mapped) de-
pends on the directions of the tunnel line (orientation bias). Tunnel legs A
and D are striking N-S, legs B,C and E are directed in NE to SW directions.
Thus, considering a homogeneous distributed fracture network, N-S striking
fracture will be mapped less frequent on legs A and D, maxima will be found
in Leg B and E. The fracture frequency of N-S striking fractures of each
tunnel leg is shown in Fig.24. The general increase of fracture frequency (N-
S striking fractures) starting with leg C, cannot be explained with the
orientation of the tunnel legs. These data suggest a more intense N-S
fracturing in Legs D and E, although the data are not corrected for the bias.
The relative "high" frequency of leg B is probably due to a combination
effect of orientation and a real fracturing intensity.

As the definition of fracture zones includes a frequency criteria, the values
within 20m intervals have been calculated for the N-S strike direction.
Fig. 23 presents the summarising diagram, for 100 intervals the frequency is
shown in Fig.25 a-c. The frequency distribution in NNW 1,2 and NNE is
similar. These groups can be treated as one strike direction interval.

Strike direction N-S

Volume HSC (%)

Frequency per 20 meter lunnel sectiot

H
€

L H
s

o o [l o o o (=] [=] (= [=4
hoed " (<] L0 - M~ [0} (2] wn
o © M~ ~ o] (2] (=4 (=3 (=] b
- - - L -~ - - o N [a}]
I g NNW —INNE —0—All *N-§* —0—HSC

Frequency distribution of N-S striking fractures. Fine grained granite is plot-
ted on the right y-scale. Note that these data include mapped fractures on
both sides of the tunnel and the tunnel roof. Fractures mapped within frac-
ture zones have been treated separately
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Fracture frequency per meter tunnel
LEG | E-W NVé/- N-S Total |90-100 280-290 100-110 290-300 100-120
S
A 11 15 07 33 0.1 0.1 0.1 03 03
B 08 06 18 32 02 0.1 02 00 02
c 05 05 08 19| o1 0.1 0.1 0.0 0.1
D 0g 09 12 30/ 01 0.1 02 02 0.2
E 07 1.1 18 38/ 01 0.1 0.1 0.1 02
average 08 09 1.3 30 01 0.1 02 0.1 0.2

Fig. 24 a-c: Frequency histograms of selected strike direction intervals in tunnel legs A-
. E. Plotted is the number of fractures per tunnel meter against tunnel leg;
Mapped fracture zones are excluded here.
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Strike direction NNW -1
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Fig.25 a-c: Frequency distribution of N-S striking fractures a- strike direction NNW 1; b-
strike direction NNW-2; c- strike direction NNE.

About 26 N-S striking fractures have been mapped per 20 meter tunnel
homogeneously distributed within the 30° strike direction interval (1.3
frac/meter, Fig.23). Low frequencies are found around sections 1/690m and
2/250m (Fig.23). In the second case (2/250m) this minima is probably an
artefact, because of the overlap with fracture zones between tunnel section
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2/218m and 2/280m. In the first case however, "nothing special” has been
noted during tunnel mapping. Thus this minimum can be regarded as a
"real" decrease of N-S fracture intensity.

Two frequency maxima, the first around tunnel section 1/850m, the second
around 2/310m are present. This distribution does not correlate with the dis-
tribution of fine grained granite. Considering the mapped fractures zones the
maxima will be pronounced. Fracture zones including a N-S direction have
been mapped at 1/832m, 1/845-1/853m, 2/013-2/030m and from 2/018 to

2/060m.

The background frequency of N-S striking fractures is around 1.3 fractures
per meter or per 25m? of excavated rock. Within the maxima ca. 3.3 respec-
tively 3.5 fractures per meter have been recorded; the width of these
"»ones" are around 40m. The average fracture frequency, including ali frac-
tures calculated from tunnel section 1/600-2/400m, is 3.9 fractures per
meter so that the increased N-S fracturing will only hardly be recognised.

Around tunnel section 2/310m the increased fracturing intensity is related to
N-S fracturing. The frequency of N-S striking fractures is comparable to
other main strike directions like the NW-SE or the E-W one. Data for
comparison are shown in Fig.24.

Following the "frequency criteria” in the definition of a fracture zone in a
strict sense, and considering N-S fractures exclusively, these data suggest
to define N-S striking fracture zones within the investigated area. However,
the variations of total fracturing intensity (Fig.25) are minor. Thus it is not
likely to constitute a fracture zone!. In the case of the second maxima the
total fracture increase is due to the N-S fractures but fracture zones have
not been mapped!

Fracture frequency

Fracture frequency per m
O =~ N W H O O N O

[—a—N-5 —o—other - -o - Total |

Fracture frequency of N-S striking fractures and the tunnel average calcu-
lated for 20m sections. N-S = 340-109; “other" = 10-340°.
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5.4.2

Fig.27:

AVERAGED SPACINGS OF N-S STRIKING FRACTURES

"Averaged spacings” of N-S striking fractures intersecting the tunnel wall
have been calculated for both, the left and the right side of the tunnel, to get
a closer view of the fracture distribution pattern. Appendix D-1 shows the
procedure these data have been calculated; App. D-2 the exact location of
the N-S striking fractures and App. D-2 the 1: 200 meter mapping. A line
mapping was impossible, but nevertheless some information can be de-
duced from this data set.

Fractures within fracture zones could not be taken into account, because
the number and exact position of the N-S striking fracture within the mapped
fracture zones are not known. However, approximately 10% of the N-S
fractures are characterised by averaged spacings less than 1m; ca. 20% are
within a spacing range from 0-2m .

Fig. 27 a,b illustrates "averaged spacings" of N-S striking fractures for the
left and right side of the tunnel. To smooth the curves the moving average
including three data points has been plotted.
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"Averaged spacings” of N-S striking fractures intersecting a hypothetical line
on the left (upper diagram) and the right (lower diagram) side of the tunnel.
Note that fractures of mapped fracture zones are excluded here.
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The obvious gap between 2/100m and 2/200m on the right tunnel wall is
probably an artefact due to the presence of fracture zones 10 and 11. A
normal distribution can be recognised on the left side of the tunnel. "Closely-
spaced” N-S fractures (spacing <1.5m) are present in short tunnel sections,
(1/810-1/830m, 2/290-2/300m and on the left side at 1/820m and from 1/850
to 1/860m, related to fracture zones at 1/832m and from 1/845 to 1/853m).

Tunnel sections 1/600 to 1/900m and 1/900 to 2/240m seem to be charac-
terised by a "regular’ of decrease in spacing with increasing tunnel meter --
asymmetric distribution However, this is uncertain at all, because a line
mapping and detailed tunnel investigations have not been performed.

With the exception for the tunnel interval around 1/830m it can be con-
cluded that, the N-S fracture set is characterised by single fractures, with
spacing generally more than 2m -- no fracture zones!!

The location of N-S striking fractures, grouted sections and the mapped
fracture zones in the first tunnel loop is shown in Fig.28.

The tunnel sections characterised by an increased N-S fracturing are ap-
proximately 20-50m wide. This "N-S fracturing swarms" can be traced over
more than 200m along a hypothetical strike direction, suggested by the cor-
respondence of the two "maxima” on LegAand E.

Including minor {not significant) maxima as well, horizontal spacings of N-S
fracturing of ca. 100m will result (first guess which has to be proven. lt is
suggested to consider surface and the shaft mapping and other data to
prove these statements.

Remark: Structural data from an E-W directed drill hole to correlate data in
the "middie" of the spiral were not available.
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Fig.28:

N-S striking fractures (strike intervals from 0-10°,340-360° and 160-190°
mapped in the first loop of the spiral. Grouted sections (G) and mapped
fracture zones (FZ) are shown as well. The fracture frequency maxima of N-
S striking fractures are marked by circles cf. Fig. 26.
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5.5

CHARACTERISTICS OF THE N-S FRACTURE SYSTEM
- SUMMARY -

In order to characterise the "NNW" striking fracture system data from tunnel
sections 1/600 to 2/400m were splitted in 10° strike intervals and in groups
of water conducting res. "normal" fractures for each interval. This structuring
of the data set was needed to work out some characteristics of the N-S
striking fractures. "No" results (useful for a characterisation) have been ob-
tained if data sets including fractures of all strike directions or those from

grouted sections were used.

With the data recorded during the routine tunne! mapping the "NNW" frac-
tures system has been redefined to a N-S striking one, characterised by the

following features.
N-S striking fractures: 10 E to 340 W (160-1900) subdivided in:

NNW 1 - 340 to 350° and 160 to 170°
NNW 2 - 350 to 360° and 170 to 180°
NNE -0 to10° and 180 to 190°

(steep dipping fractures dominate)

NNW 1 and 2 together are called the NNW striking fracture set; data sets
including the NNE are called N-S fractures. For further interpretations frac-
tures within this strike direction interval can be handled as one group.

Remark: Other strike direction sets like an E-W and a NW-SE one seem to
be characterised by specific features as well.

Average length:
- Non water conducting fracture:

normal (within the variability range of other fracture sets, Fig.17).

- Water conducting fractures:

N-S fractures, together with an "E-W fracture set' are of "extraordinary”
length within the group of water conducting fractures (Fig.18).

Fracture length distribution:

- The distribution of all N-S fractures is equivalent to that of the fracture
length distribution of the complete data set (Fig.19).

- Water conducting N-S fractures show a shift to longer interval groups,
even compared with the "long" water conducting E-W striking ones.
Sequence: tunnel average and N-S normal fractures --> water conducting
long E-W fractures --> water conducting N-S fractures (Fig.20).

Erequency of water conducting fractures N-S fracture:

Normal compared with average values, but less frequent compared to the
strike directions around 120° and 290° (Fig.21).
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Mineralogy:
- Epidote, quartz and oxide are more frequent compared to the tunnel aver-
age, especially in the group of water conducting fractures.

- This characteristic is strike dependent (and not a related to water circula-
tion), as indicated by the comparison with the E-W data set.

- The major difference of the N-S water conducting fractures is the predomi-

nance of calcite instead of chlorite as the dominant fracture mineral of other
water conducting fractures (Fig.22).

Distribution pattern:
. Some indications suggest an increased N-S fracturing with depth.

- The fracture frequency does not correlate with the occurrence of fine
grained granite (Fig.24)
- Two sections of increased fracturing are found in tunnel sections 1600 to

2400 with a fracture frequency around 3.5 fractures per meter of tunnel
(average of all strike directions 3.9). They are between 20 and 50m wide.

- Considering exclusively the N-S fractures, these tunnel sections could be
called fracture zones (using the frequency criteria). However, the total frac-
ture frequency does not increase around the first N-S maxima; in the second
case the total fracture intensity is governed by the occurrence of N-S striking
fractures (Fig.25).

- Otherwise the frequency is normal; 1.3 for N-S , compared with 0.9 for E-
Wor for NE.

Average distance:

10% of the N-S fractures occur with spacings less than 1m, 20% are present
within the interval 0-2m (Fig.17).

Fracture zones?:

- The N-S system is an independent fracture set, characterised in terms of
mineralogy, fracture geometry and mode of occurrence in the tunnel.

- The N-S system is an example of fractures occurring mainly as "isolated”
single fractures.

- N-S striking fracture zones (“third order") do _not exist in the investigated
area.

- Instead, areas of increased fracturing (swam like distribution) has been
proven.

They can be traced along a hypothetical strike direction over at least 200m.
Horizontal spacings of 100m seem to be realistic.

- Considering e.g. the characteristics of fracture length and the fracture min-
eralogy of N-S striking fractures it seems that the N-S system represents
reactivated fractures with minor (late) water circulation.
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RELATIONSHIPS OF THE N-S STRIKING FRACTURE
SYSTEM TO GROUTED SECTIONS -- SOME REMARKS--

Most of the time was spent to define the N-S system, SO that only some re-
marks on the relationship between zones of high water inflow and the N-S
striking fracture system can be made.

The following statements must be preliminary, because more detailed
(underground) investigations have to be performed (e.g. definition of other
fracture systems, more detailed investigation on mapped fracture zones etc.
cf. chapter 6.1). Furthermore the N-S system is characterised by wide aver-
age spacing (single fractures). Thus investigations on some selected frac-
tures (hydrotests) have to be performed to quantify the hydraulic importance
of the system. However, the following chapter gives some rough ideas on
the relationship between the N-S system and the grouted sections. The
location and characteristics of grouted sections have been summarised in
chapter 3; data from the probehole drillings are presented in appendix B-5.

27% of the investigated tunnel sections were pre-grouted and 32% of the N-
S fractures were mapped within the grouted sections. This means that the
fracture distribution in grouted sections is equivalent to the non grouted sec-
tions. Approximately 40% of the water conducting N-S fractures occur in the
grout section. It cannot be decided, whether this value is specific for the N-S
system, because data for comparison are missing. Stereo plots of grouted
sections give no evidence for a preferential N-S strike direction.

Fig.29 illustrates the relationship water inflow rates in probe holes
(normalised values, both probe holes ) to the frequency distribution of the N-
S striking fracture set. The correlation between the points of increased in-
flow and N-S fracture intensity is weak. Transmissivities should be used in-
stead of the outflow rates, but unlikely these data were not available.

10.00 +
9.00 +
8.00 +
7.00 + —1
.6.00 +
5.00 T
4.00 T+
3.00 +
2.00 +
1.00 A
0.00

Outflow probeholes (Vminvmeter of drillhole

Tunnel section

{c—ooutllow —3—N-S fractures |

Relationship between water outflow rates from probe holes (I/min per meter
of drill hole) and the fracture frequency of N-S striking fractures
(fractures/meter of tunnel).
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6.1

With the characterisation of the grouted sections it has been demonstrated
that several factors must be considered to explain the high inflow rates of
grouted sections. In addition to water conducting N-S and the E-W striking
fractures, mapped fracture zones, frequency maxima of N-S striking frac-
tures and major inflows from probe- and blast holes are marked in Fig.29.

- Water inflow rates to G-1 seem to be the result of the combination of water
conducting E-W and the N-S fractures together with the sub horizontal
fracture zone Z-1.

The intersection of Z-2 and Z-3 with Z-1 is not reflected by a significant in-
crease of the water inflow rate. Individual water conducting N-S fractures
are present, but they do not correspond with high water inflow rates.

- In the case of G-2 the first frequency maxima of N-S fractures, water con-
ducting N-S and E-W together with the mapped fracture zones Z-4 and Z-5
form a conductive fracture network.

- Further investigations are needed to explain grout section G-3. If no other
conductive structures can be defined, this tunnel section might be an ex-
ample for (highly) conductive "single” N-S fractures. In that case the term
third order fracture -zone would be justified. A similar situation are grouted
sections 10-12.

- Grout section G-4 can probably be explained by the occurrence of more
complex structures fracture zones Z-7 and Z-8.

- No evidences for a "N-S factor" can be evaluated in the case of sections
G-6 to G-9.

- Up to tunnel section 2/250m the presence of mapped fracture zones can
be considered as an important factor resulting in a conductive fracture net-
work. For grout sections 10 to 12 however other explanations have to be
found (e.g. fractures striking NW?2).

- Although it cannot be proven, it seems that the conductivity of the N-S
fracture set is not efficient enough that pre-grouting has to be carried out.

- The importance of individual N-S fractures with respect to the total water
inflow has to be investigated in more detail.

- Considering e.g. the fracture length characteristics and the fracture miner-
alogy of N-S striking fractures it seems that the N-S system represents re-
activated fractures with minor (late) water circulation.

CONCLUDING REMARKS

Within the time available, it has been possible to do some basic, preliminary
work. Not all data have been used. In some cases the (statistical) signifi-
cance of features related to the N-S system has 1o be proven. It was impos-
sible to use all data and other studies. However, this work can be the basis
for further detailed investigations.

The following ideas should be considered as some (concluding) remarks,
based on the experience during the characterisation of the N-S fracture
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system. The picture of the N-S fracture system should be completed con-
sidering:

- fracture plane characteristics e.g. striation
- mineral paragenesis

- sub-horizontal N-S striking fractures -- characteristics and relationships to
other fractures

- crosscutting relationships of N-S fractures with other geological and
tectonic elements

- type of fractures shearing or simple fracture, displacements

For the estimation of water transport through the N-S fracture set, the exact
inflow points in each individual probe- and blast hole, and the intersection
with the tunnel should be taken into account.

it would be helpful, of course, to get structural and lithological data by cored
probe holes . For interpretation and to avoid misunderstandings other frac-
ture sets (E-W and NW) should be defined in a similar way (strike direction
intervals and related characteristics (e.g. 260-280° or 300-330°7).

If fracture sets are defined as mentioned above, it will be perhaps possible
to evaluate structural and mineralogical factors related to zones of major
water inflows. Interpretation of data sets which have not been splitted in
several categories will lead to insignificant results.

The mapping technique in fracture zones should be improved:
- total number of fractures

-. "ranking" of fracture sets within the zone

- width of dominating fracture sets within the zone

- crosscutting relationships within the zone

- structural maps of fracture zones

It should be possible to combine data sets of routine mapping and fracture
zone mapping directly. Are the criteria to map a fractures zone underground
still good enough? How to define hydraulic important single fractures?

More gttention should be taken to water conducting fractures during routine
mapping

- type of fracture shearing

- crosscutting with other fractures, how many, geometry ...

"Suggestions" for high inflows of grouted sections 3 and 10-12 are missing:
77 Single N-S fractures --> underground and hydrotesting

NW- striking fractures!! --> definition and characteristics, are NW-striking
third order fractures?
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Appendix A-3

CHRONOLOGIC SCHEME OF THE MAIN ROCK UNITS AND EVENTS IN THE SIMPEVARP AREA.

ROCKTYPE
TIME SCALE, | ROCK UNIT MODAL {1 SEQUENCE OF FRACTURE FILLINGS
Ma(l) oV} CLASSIFICATION STRUCTURES EVENTS(2,3,4) @2)
4,8
2000-1850 Oldest q Metaandesites
supracrustals
A P
1925-1800 Primorogenic Qneissic granites
rocks Granodiorites
1840-1760 Postorogenic q _{ Porphyritic Continuos mag- | Mylonites or "shear-bands”
Sméland- granite- mamingling containing fine-grained
Varmland granodiorite- and magma- epidote, muscovite and
granitoids diorite. mixing process. | recrystallized quartz
A p | Fine-grained Regional de-
* | granite. formation.
) Mafic dykes and Folding
. q enclaves. E-W to ENE-
WSW foliation.
Greenstone.
Mylonitic shear
zones.
A P
1400-1350 Anorogenic Coarse-grained Tension Fe-rich, idiomorphic epidote.
rocks y granite (Gtemar- One generation of fluorite.
. | granite} Post-magmatic | Growth of idiomorphie
Fine-grained hydrothermal |quartz, muscovite, hematite,
granite circulationof |fluorite, calcite and spherulic
A e Dolerite the anorogenic | chlorite.
Chlorite veins. granite )
~1100 Burial meta- Prehnite, hematite-stained
morphism. laumontite, calcite and
fluorite.

600-300 Clastic dykes. Burial meta- Gypsum, chlorite, illite,
Cambrian (7) morphism. probably calcite and possibly
sandstone. Fe-oxyhydroxides.

Reactivation
Post-chlorite veins. | of older struc-
tures ?
Fault scarps?

Synglacial- Fault scarps? Fracturing? Calcite, Fe-oxyhydroxides

present time : and clay-minerals like
Fractures? Reactivation kaolinite,

of older struc-
tures ? Present groundwater
circulation?

1 Kornfalt-Wikman (1987) 2. Tullborg (1989) 3. Wikstrom (1989) 4. Talbot-Munier (1989) 5. Mérner (1990)

Summarized chronological schedule of the main rock units and events in
the Simpevarp area/1. Kornfilt and Wikman, 1987, 2. Tullborg, 1989,
3. Wikstrom, 1989, 4. Talbot and Munier, 1989, 5. Morner, 1990/
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Loop 1, Leg E-F: 2/206.6-2/383.6 Geology
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1/617.1-1/762.6
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Loop 1, Leg C-D: 1/910.8-2/058.7 Reinforcement and Pregrouting
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Loop 1, Leg D-E: 2/058.7-2/206.8 Reinforcement and Pregrouting
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Access Ramp 1/500 - 1/650 Geohydi‘ology and Groundwater chemistry
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Loop 1, Leg A-B: 1/617.1-1/762.6

Geohydrology and Groundwater chemistry
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Loop 1, Leg B-C: 1/762.6-1/910.8 Geohydrology and Groundwater chemistry
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Loop 1, Leg D-E: 2/058.7-2/206.6 Geohydrology and Groundwater chemistry
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Loop 1, Leg E-F: 2/206.6-2/383.6

Geohydrology and Groundwater chemistry
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PART SECTION FRAC_ID ROCK_D SIRIKE DIP LENGTH FORM TYPE SURF_STRUC SIRIVIS  STRISSTRIDIP  MINMINMINMINMINFRAC  TO., FRAC TO
: End1 OBJECTI End2 OBJECT2
F 16023 17 81 360 73 2,11 2 102 N 0 oKL i 316
P 1602,3 485 350 70 201 2 102 N 0 O KA 2 3
F 1606,2 13 B1 360 80 151 2 102 N 0 OKL EP 1 2
P 1609.8 185 6 76 801 2 102 z 0 OKA KL CY 1 1
P 1609.8 6B5 360 83 651 2 102 z 0 0 2 2
P 1609.8 14 B5 363 77 101 2 102 4 0 0 2 2
F 1609.8 17 85 341 66 431 2 102 N 0 OKL CY 1 2
P 1609.8 8 85 342 &7 331 2 102 Z 0 oKL 2 2
F 1613.6 1381 7 65 381 2 10 N 0 0 OX EP 2 1
P 1613,5 781 344 80 371 2 101 N 0 OKL KA CY i 2
F 1613.5 1085 187 68 2,11 2 102 N 0 O KL 1 2
P 1618.0 148 353 35 661 2 102 z 0 OEP KA MY 1 1
P 16180 15 81 33 79 791 2 102 z 0 0 EP KA MY 1 1
F 1618,0 2281 165 66 351 2 102 z 0 O KL 2 2
P 16180 585 180 26 141 2 102 Z 0 0 KA 2 2
F 16220 16 B 3 3B 431 2 102 N 0 0 EP 2 2
F 16220 1681 357 80 2,71 2 102 N 0 O EP 316 2
F 16220 18 163 81 551 2 102 4 0 O KA KL 1 2
P 1626.3 14 B1 6 38 6A1 2 102 z 0 OEP MY 1 1
p 1626,3 883 8 77 191 2 102 z o] O KL 2 2
P 16256,3 10 81 346 65 -231 2 102 z 0 0EP 2 1
P 16263 n|m 346 50 201 2 102 z 0 O EP 2 1
F 1629.3 98 358 72 361 2 102 Z 0 oMY QZ EP 307 1
P 16293 681 350 64 222 2 102 N ] 0 EP 1 1
F 16293 1381 347 80 361 2 102 N 0 0 MY EP 383 1
f 1630,8 12 81 8 5 6,31 2 101 Z 0 OEP &Z 1 383
F 1630,8 16 B1 2 72 411 2 101 Z 0 0 EP i 383
P 1630.8 983 71 6 131 2 102 N o OFfL 2 2
P 1634.6 585 6 90 6561 2 102 N 0 OKA KL EP 1 2
F 1634,6 10 Bt 7 82 3o 2 102 Z 0 0 EP 2 2
F 1834.6 685 10 84 411 2 102 N 0 0EP KA 1 2
P 1634,6 783 357 68 191 2 102 4 0 o] 2 2
F 1634,6 11 81 169 53 341 2 102 b4 0 OEP 2 2
P 16397 3BS 6 78 351 2 102 N 0 Ol CY 3o 302
P 1639.7 285 352 74 763 2 102 N 0 0CY KL 1 1
P 1639.7 14 81 348 74 471 2 m N 0 0EP &Z 1 383
F 16435 12 85 3 70 241 2 102 z 0 0 2 2
P 1643.5 185 357 74 an 2 102 N 0 0 2 2
P 1647.2 585 5 81 6,71 2 102 8 10 KL KA 2 1
F 1647,2 2085 166 77 2,11 2 102 z 0 0KL 2 322
P 1647,2 1385 190 48 211 2 102 z 0 oKL 2 2
F 1647,2 22 B85 186 20 481 2 102 z 0 0 2 2
P 16519 485 350 48 161 2 102 z 0 oKL 2 2
p 16560 1485 0 77 161 2 102 N 0 OKL KA 313 1
P 1656,0 785 166 70 181 2 102 4 0 0 2 2
P 1660,3 48} 8 70 431 2 101 Zz 0 OEP KL 383 30
F 1660,3 14 85 172 55 201 2 101 z 0 QKL 1 KRV
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16603 16 85 172 20 231 2 101 z 0 0 2 2 0.00
1664,2 781 345 16 3.7 2 102 Z 0 O KA 2 2 0.00
1664.2 681 185 10 371 2 101 N 0 0 2 2 0.00
1668,6 16 B1 5 5 101 2 101 Z 0 OKA KL 2 1 0,00
16725 12 81 188 66 1.21 2 101 Z 0 O KA 30t 2 0,00 2PCS
16763 3Bl 165 156 211 2 101 N 0 OKL OX 1 2 0.00
1680, k) : ) M 56 191 2 102 z 0 OKL KA 2 2 0,00
1684,8 11 85 351 89 102 2 102 N 0 o 312 2 0.00
1684,8 16 B 180 23 501 2 0 N 0 0 AT 1 1 0,00
16891 16 85 190 52 181 2 102 N 0 OKL 2 an 0,00
16930 1285 163 86 362 2 102 z 0 OKA KL EP 2 2 0.00
1700,7 6 B0 344 83 231 2 102 N 0 oKL 304 302 0,00
17007 2080 348 82 161 2 101 N o 0EP KL 312 2 0,00
1700.7 17 80 165 79 9.01 2 102 N o oKL 316 318 0,00
1700.7 680 176 73 161 2 0 N o OKA KL ©Z EP 310 3o 0.00
1705.1 16 80 5 88 201 2 102 z 0 OKL KA OX 314 314 0.00
1705,1 12 BO 30 90 581 2 102 Z 0 0 KL 2 1 0,00
17051 980 358 82 301 2 102 Z 0 OKL OX 301 2 0,00
1705.1 160 173 86 451 2 102 z 0 OKL KA OX 3104 2 0.00
17094 380 342 7 481 2 102 343 26 KL KA 1 3an4a 0,00
17094 7 B0 345 45 282 2 102 Z 0 oKL OX 306 2 0,00 7 PCS/TM
17094 10 B0 184 69 251 2 102 N 0 OKA KL 1 an 0,00
17135 7 B0 2 88 301 2 102 Z 0 0PG KL 3208 2 0,00
17136 10 BO A 67 151 2 102 A 0 0EP OX 2 2 0,00
1713.6 5 B0 178 82 221 2 102 z 0 OKL KA OX 3208 2 0,00
1713.5 180 188 86 441 2 102 z Y O KA KL 1 2 0,00
17135 280 188 66 551 2 102 Z 0 OKL KA 1 2 0,00
17135 1180 184 81 301 2 102 190 7KL KA EP 1 2 0.00
17135 480 183 79 101 2 102 200 30 KL 1 2 0,00
17173 17 80 10 77 401 2 102 4 0 OKL KA 1 1 0,00
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17382 780 2 N 321 2 102 Z 0 O KL 2 2 0,00
17382 22 80 6 84 321 2 102 N 0 OKL 2 2 0,00 SEVERAL
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17418 18 BO 349 84 321 2 102 z 0 OKL KA 1 2 0,00
1741.8 1280 176 86 211 2 101 N 0 OKA SU 2 2 0,00
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1880.3 1281 6 7 581 2 101 N 0 0 OX KL 2 1 0.00

1880.3 3Bl 30 63 701 2 100 N 0 0oz EP OX 1 1 0.00

18680,3 683 348 70 451 2 102 N 0 OKL KA 2 1 0,00

1865.0 1385 2 82 201 2 102 N 0 OKL KA EP 1 2Ké 0,00 6PCS/1.OM
1885.0 6 81 2 80 402 2 102 Z 0 OKL EP OX 2 3 K6 0.00

1885,0 18! 351 76 401 2 0 356 32KA KL EP 1 2 0,00

1885.0 1281 358 70 401 2 101 N 0 0 OX 2 305 000

1885.0 681 341 76 361 2 101 P4 o O0KA KL OX 2 JKo 0.00

1685.0 1081 162 70 221 2 102 z 0 OKL OX 2 2 0,00

1885,0 N8l 178 75 101 2 102 4 0 OKL OX KA 2 310 0.00

18850 14 B5 188 35 4561 2 101 N 0 0 AT 2 3Ké 0,00 5 CMWIDE
1888,7 581 2 79 341 2 102 0 0OX KL KA 2 385 0.00

1888,7 6 BS 351 83 241 2 102 N 0 ocy 3Bl 3B3 0.00

1888,7 nm 168 35 133 2 102 N 0 OKL KA OX 305 2 0,00

1888,7 985 181 37 221 2 101 N 0 0 1 2 0.00

1893.2 483 6 82 321 2 101 N 0 0 KA 2 2 0,00

1893.2 14 85 354 74 231 2 101 N KA KL &P 2 2

1897.6 481 ? 68 621 2 102 N 0 OKL 2 1 0,00

1897,6 681 8 75 161 2 102 Z 0 OKL KA 30 2 0,00

1897.6 20 81 7 58 241 2 102 N KA KL 2 2

1897.6 17 81 6 60 491 2 102 N 0 O KA KL 2 1 0.00

1897.6 18 B1 7 68 201 2 102 N KA KL 3019 2

1901,8 881 ¢ 78 1,81 2 10 N 1] oKL 2 1 0.00

1901,8 6 B1 172 26 231 2 101 N 0 0 385 2 0,00 6 PCD/1.2M
19060 181 6 656 721 2 102 N 0 OKL KA OX 2 2 0.00

19060 481 10 65 301 2 101 Z 0 0KA 2 2 0.00

19060 128 10 78 3.21 2 102 N 0 OKL KA 1 2 0.00 STEPPED
1906,0 7 81 349 68 402 2 102 N 0 OKA KL EP 2 1 0.00 SEVERAL
1908,7 16 81 4 65 201 2 0 Z 0 0 KA 3Bl a3 0,00

1908,7 08 358 72 3.61 2 102 z 0 0 KL 1 2 0.00

1908,7 17 B1 354 62 431 2 102 N o] O KL 2 2 0.00

1916,7 8 B1 355 46 381 2 101 4 0 OKA KL 2 3es 0,00

1916,7 1281 36 70 201 2 102 N 0 OKL OX 2 316 0,00

1920.3 128 348 80 151 2 102 340 A1 KL EP 2 2 0,00

19250 981 10 77 653 2 102 N 0 oKL 1 1 0,00

1926.0 6 Bl 8 &3 211 2 102 N 0 oKL 310 383 0,00

19335 581 9 82 202 2 101 N 0 OKL KA 1 2 0,00

1933.5 481 356 8 2,11 2 101 N 0 O KL 1 2 0,00

1933,5 281 349 48 871 2 102 N 0 OKL OX 2 2 0,00

1933,5 1181 343 38 351 2 102 N 0 O KA OX 3103 2 0,00

19376 481 4 77 291 2 102 N 0 oKL OX 2 2 0,00

1937.6 10 B1 181 62 571 2 0 N 0 0 AT 2 2 0,50 0.1 MWIDE
19419 10 81 6 10 191 2 102 Z 0 0 KA 303 3B2 0,00

1946,1 14 Bl 8 82 391 2 0 N 0 oez OX 2 2 0,00

1946,1 181 W0 76 261 2 101 N 0 0 KL 310 2 0,00

1950,2 18l 10 30 281 2 101 N 2 2

19545 28 -9 32 191 2 102 N 0 0 KA 1 2 0.00

1954.5 981 6 68 183 2 102 N 0 0 2 310 0,00

1954,6 5Bl 359 65 161 2 102 N 0 OKA KL 314 34 0.00
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22258 883 190 80 2,71 2 102 Y4 0 0 KL 1 2 0.00

22605 483 5 66 1.81 2 102 N 0 OKL KA 2 2 0,00

22605 nel 4 3 171 2 101 N 0 0 KA 312 1 0,00

22606 18 81 10 73 241 2 101 N 0 0&Z KL 1 2 0,00

22605 10 81 35 70 2,113 2 101 N 0 OKA OX 1 2 0,00

22605 881 350 60 101 2 L N 0 00X 2 309 0.00

22605 14 Bl 163 68 261 2 101 N 0 OEP KA SU 2 1 0,00

22646 281 10 70 432 2 102 N 0 0PG 301 2 0.00

2264,6 2181 4 76 281 2 102 z EP KA KL 2 2

2264,6 13 B1 168 85 081 2 102 z 0 O KL 2 2 0,00

2264,6 11 81 176 30 402 2 02 z 0 oez 2 310 0.00 5 CM WIDE
22086 1081 359 65 351 2 102 N 0 0 OX KA 308 2 0,00

22728 28 166 64 581 2 0 N 0 O KA 2 2 0,00 2CMWIDE
2276,9 181 6 75 601 2 102 N 0 0PG 1 1 0.00 10 CM WIDE
22759 12 81 1 73 221 2 102 N 0 0 EP 1 1 0.00

22759 14 B1 5 78 2061 2 102 N 0 0 KA 2 2 0,00

22759 16 B1 170 65 201 2 102 z KL 2 2

22769 18 B1 170 &0 361 2 102 Z ez 2 1 7 CM WIDE
2280,6 181 6 74 231 2 101 N 0 OKA OX 305 1 0,00

2280,5 281 8 73 211 2 102 N 0 OKA OX KL EP 305 1 0,00

22805 16 BY a4 77 381 2 101 N 0 OKA EP OX 2 1 0,00

22806 1381 ws 77 391 2 102 N ] OEP &2 1 2 0,00

2280.6 16 81 358 70 341 2 101 N 0 OEP KA KL 2 b)) 0.00

2283.9 38l 349 88 321 2 101 N o OKL KA 302 2 0.00

2283.9 16 B5 170 6 101 2 102 N 0 OKL 2 2 0.00

2288,8 13 81 2 70 221 2 102 N 0 OKA EP FL 2 2 0.00

2288.8 781 354 76 321 2 102 N 0 OKA KL EP 2 1 0,00

2288,8 3Bl 180 90 182 2 102 N 0 o0&z EP 2 1 0,00

2288,8 16 81 172 70 2,11 2 101 N 0 0 2 2 0,00

22924 18 B 9 S0 142 2 102 N KL KA OX QZ 310 301

22924 16 B1 360 72 191 2 10 Z 0 O KA an 2 0,00

22924 8 81 180 20 3.81 2 102 z [t} OKL KA 2 2 0.00

2296,6 481 3 n 261 2 101 N 0 OKA KL EP OX 1 301 0,00

2296,6 681 6 N 331 2 102 N 0 OKL PG 30 2 0.00

2300.7 16 B1 4 7N 261 2 102 z 0 OKL KA 2 2 0,00

2300,7 1881 342 80 231 2 102 z KA KL 2 2 2PCS/0.1M
2300,7 148 186 72 251 2 102 186 10KL EP 1 2 0,00

2306,7 18 B1 3 62 161 2 101 N KL 313 312

2305.7 17 81 348 ¢7 181 2 101 N KL KA 1 2

2305.7 181 187 85 601 2 101 N 0 O KL 2 1 0,00

2305.7 28 186 85 561 2 101 N 0 0 KL 2 1 0,00

2305.7 3gl 185 85 611 2 10 N 0 O KL 2 1 0,00

2305.7 14 B1 184 §7 301 2 102 N KL 1 313 2 PC8/0.5m
2309.8 1181 1 65 371 2 102 z 0 0EP OX 2 2 0,10

2309,8 21 Bl 3 78 1.21 2 102 N KL 2 1

2309.8 6 B1 350 o4 127 2 102 N 0 OKL KA 2 2 0.00

2309.8 18 Bl 47 82 101 2 102 N 0 oz 2 2 0,00 lcmwide
23143 1281 2 566 281 2 0 N 0 0 KL 2 1 0,00

23143 1481 347 8 521 2 (1] N 0 0 OX EP 312 2 0,00
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PART |SECTION [ZONE_ID JFRACGROUP STRIKE [DIP [FRACQOUNT _ |SPACING MINERALT |MINERALz [MINERAL3 [MINERAL4 MINERALE |WATER |REMARK

1402.9178 1 22| 38 0 0.000 X FROM 1402.8
1407.2{29 1 89| 73 0 0.000 FROM 1411.7
1411.7|20 1 18] 74 232 0.050|KL . X
1411.7120 2 68| 45 n 0.100{FL KL KA
1411.7{20 4 200 78 a 0.300;FL KA
1411.7]28 3 62} 70 55 0.200]kL
1416.0{20 1 71 78 760 0.002{KL cY X
1418.0{20 1 80§ 73 0 0.000 X FROM 1411.7
1420.8/20 1 71| 78 0 0.000 X FROM 1416.0
1420.6|29 1 80] 73 0 0.000 FROM 1411.7
1424.7(20 1 89 73 0 0.000 FROM 14117
14714121 1 260] 45 0 0.000 FROM 1481.2
1481.2|121 1 2680 45 0 0.000 FROM 1481.2
14864472 1 262) 62 FROM 1480.2
14854|21 1 260| 45 0 0.000 FROM 1481.2
1489.2|22 1 262| 52 0 0.020{KL cY
1493.7{23 5 278| 48 23 0.200KL KA Ft
1493.7[23 3 62 N 35 0.200]KL MINOR
1493.7|23 1 265 38 39 0.100|KL KA FL X MAIN
1483.7{23 4 52| 38 4 0.900]KL MINOR
1483.7123 2 205| 84 83 0.100/KL MINOR
1498.1|23 1 265! 39 0 0.000 X FROM 1493.7
1502.5/23 1 255| 39 ] 0.000 FROM 1493.7
1606.823 1 255| 38 0 0.000 FROM 1483.7
1610.7)23 1 266| 39 0 0.000 FROM 1493.7
16514.9|23 1 265 38 0 0.000 FROM 149837
1536.0{24 1 22| 67 0 0.200{KL FE cY
16540.0(24 1 R n 73 0.020{KL FE cY
1602.3126 3 2201 10 9 0.070]KL KA FL
1602.3{26 1 34 82 38 0.030]kL oY 3dm WIDE
1602.326 2 38| 03 18 0.070{KL EP FL
1802.326 4 320{ 80 181 0.070{KL KA
1608.2{26 1 36) 82 o ~ 0.000 FROM 1602.30
1760.3|26 1 36| 26 0 0.100{CY KL X
1750.3|26 2 84} 20 0 0.030;KL
1750.3|28 b 216| 66 7 0.100[KL KA
1750.3]268 4 34 2 2 0.100|XA KL
1760.3(28 3 358| 85 0 0.300{KA
1754.3(26 1 38) 25 4 0.075}KL KA ' STR
1758.9{26 1 38) 25 10 0.050{KL KA X STR, LEAK IN FRONT
1762.8/26 1 45| 28 10 0.0601KL KA X FROM 1768.8
1706.4/26 1 45| 28 10 0.050{KL 0X STR
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A P 1770.2]28 1 45| 28 12 0.040(KL cY KA 12 {rl0.5m

A P 1770.2|27 1 325| 88 9 0.050{KL cY KA X 9 {ri0.4m

A P 17740126 1 45| 28 9 0.070(KL X STR

A P 17765|28 1 45| 28 8 0.040[KL KA X STR

A P 1780.8(28 2 258| 65 8 0.110}KL 8 frf1.0m

A P 1780.8128 1 45| 28 12 0.040{KL ox 12 fri0.5m

A P 1784.8;28 1 45| 28 10 0.050] KL 10/0.6m

A P 1780.4|26 1 45 28 10 0.050]KL

A P 1793.8|26 1 45| 28 8 0.040{KL

A P 1797.8/26 1 45| 28 ] 0.040{KL FROM 17938
A P 1802.0128 1 45| 28 8 0.040{KL FROM 17838
A P 1806.4{26 1 45| 28 8 0.040jKL FROM 18020
A P 1810.9/26 1 45| 28 1 0.000{KL

A P 1814.9126 1 45| 28 1 0.000}KL FROM 1810.9
A P 1810.3{28 1 45| 28 1 0.000{KL X FROM 1814.8
A P 1823.4|26 1 45| 28 1 0.000[KL X FROM 18103
A P 1827.5|26 1 45| 28 1 0.000{KL FROM 1823.4
A P 1831.578 1 358| 74 7 0.080[KA KL 0X X 7st/80cm

A P 1631.6,26 1 45| 28 0 0.000 FROM 18275
A P 1836.0/28 1 24 24 12 0.015[KL PR az PARTLY DETECTABLE
A P 1840.4/78 1 18] 18 9 0.080]KA KL X

A P 1845.0(27 1 11} 68 0 0.200{CY KL KA X

A P 1845.0(268 1| 18 18 ] 0.000

A P 1848.4(28 1 40) 20 5 0.050{KL

A P 1848.4]Z7 1 151 70 50 0.040]02 KL KA X

A P 1840.4)27 2 288| 68 7 0.050{KL

A P 1852.0(27 1 15| 70 15 0.04002 KL KA

A P 1852.8Z6 1 40{ 20 5 0.060{KL 6 £1/0.2m

A P 16878.4|28 1 110 84 10 0.020{EP I RF KL X

A P 1880.3{28 1 110{ 80 9 0.080] KL KA cY X

A P 1979.4|28 0 288] 88 0 0.000{KL KA 0X X

A P 1984.1/28 1 2080| 86 10 0.040{KL KA 0X X LINEATION 280/0
A P 1088.8/Z8 1 200 85 10 0.040]KL KA 0X X

A P 1882.2;28 1 108; 88 15 0.020{KL MY KA X

A P 1807.0{20 1 109| 68 15 0.020{KL MY KA X

A P 2001.3|28 1 100{ 86 9 0.125[KL KA EP \J X SAMPLE

A P - 2001329 2 3221 78 8 0.130/KA 0X

A 4 2001.3|28 3 260| 49 5 0.125}KL KA \J

A P 2005.4{28 1 110 85 9 0.125|KL KA 0X X

A P 2013.4{20 1 221 10 12 0.180{KL X

A P 2013.4(20 2 38| 77 10 0.130[KL

A p 2018.14Z1 1 335| 80 7 0.130]kL KA cY & X GROUTED, PTLY CRUSH
A P 2018.1{20 1 0 ¢ 0 0.000{KL X OREGELBUNDEN
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(
A P 2023.4;20 5 18] 75 3 0.600{KA KL
A P 2023.420 3 140| 88 5 0.120{KL
A P 20234120 4 138 77 3 0.160{KL I
A P 2023.4/20 2 230| 85 4 0.700{KA KL
A P 2023.4(21 1 335| 80 7 0.130{KL KA cY 1 X
A P 2028.5|20 1 308] 78 7 0.100{KL W
A 4 2026.6|120 3 32| 8 7 0.250{KL
A P 2026.6{21 1 154| 83 18 0.080]KL J X WATER REPRESENTS Z1
A P 2026.5]20 2 245| 76 10 0.220}KL
A P 2030.6Z0 1 320{ 86 4 0.300{KL FE X WATER REPRESENTS 20
A P 2030.5{Z1 1 342 72 7 0.085{l KL FE cY X WATER REPRESENTS 21
A P 2030.6120 2 65| 63 8 0.240|FE KL
A P 2034.8|22 2 148} 80 4 0.100]KL
A P 2034.8{22 1 328] 65 12 0.050{KL
A P 2034.8(20 1 320 88 0 0.000 FROM 20305
A P 2039.0{22 2 345| 65 3 0.500{KA KL
A P 2030.022 1 9] 85 7 0.200}KL X
A P 2043.022 3 112} 84 14 0.140}KL
A P 2043.0{22 2 17] 68 8 0.080{KL
A P 2043.0{22 1 153] 87 22 0.070{KL X
A P 2047.0122 2 335) 82 7 0.0801KL KA
A P 2047.0|22 3 113] 88 5 0.200{KL
A P 2047.0j22 4] - 131 84 8 0.025[KL
A P 2047.0122 5 340 88 18 0.060|XL
A P 2047.0122 8 33) 67 10 0.200{KL
A P 2047.022 1 313| 88 4 0.380[KL KA X
A P 2061.5{22 1 112 80 6 0.8301KL KA X
A P 2051.5[22 b 136) €8 7 1.000[KL
A P 2061.5{22 3 184 64 6 0.100|KL
A P 2051.5|22 7 202) 78 17 0.030{KL
A P 2051.5{22 2 326| 74 12 0.126/KA KL
A P 2061.5{22 8 12| 88 7 0.0701KL
A P 2051.5|22 4 261| 89 8 0.170[KL
A P 2061.6|22 8 355| 88 10 0.100{KL
A 4 2055.4|22 8 60| 80 5 0.120]KL
A P 2066.4|22 3 347) 78 5 0.300{KL
A P 2055.4{22 4 267) 64 4 0.050|KL
A P 2086.4122 5 188] 14 8 0.080
A P 20654122 1 134] 88 40 0.000{KL X
A P 2056.4|22 2 18] 83 7 0.1401KL
A P 2068.7122 1 308] 86 17 0.030{KA KL
A P 2081.0{22 1
A 4 2116.8/73 1 355/ 80 5 0.100{KA KL -y EP X 1FRACT, 1 DM WIDE
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\
A P 2118.623 2 310] 89 7 0.300|KL KA
A P 2118.6|23 3 128; 80 1" 0.200] KL KA
A P 2120.8/23 1 340] 80 (] 0.300{KL KA
A P 2120.8]23 2 27| 62 18 0.180|KL
A P 2120823 3 195| 80 5 0.330}KL
A P 2120.8{23 4 28] 24 3 0.600|KL
A P 2120.8{23 5 204| 88 4 0.870]KL
A P 2126.0)23 1 190 80 3 0.600]KL cY
A P 21205(23 1 334 88 10 0.150{J KA KL
A P 2133.723 1 356/ 80 15 0.130]Ki. KA (8] oY
A P 2138.1|123 1 150| 87 8 0.250{KL KA cY
A P 2141924 1 371 82 13 0.160|KL KA
A P 21419124 2 310} 80 6 0.400{KA
A P 2141824 3 340 8 2 1.260|KL
A 4 21419174 4 335| 69 2 0.200|KA
A P 2141.8]24 6 138] 72 7 0.070{FL KA
A P 2141.9|24 6 108} 62 3 0.170{KL ’
A P 2141.9|24 1 150| 56 1 0.000|KL
A P 2141.9{24 8 248| 82 5 0.100KL KA
A P 2141.8(24 ) 326| 88 4 0.130[EP
A P 2141.8/Z4 10 135| 78 3 0.270]KA
A P 21468.2|24 1 300| B4 7 0.140{KA KL
A P 2148.2]24 2| . 50 80 3 0.170{KL KA
A P 2146.2|24 3 10] 70 3 0.170{KL KA
A P 2148.2|24 4 305| 82 4 0.2601KL
A P 2148.2|24 B 60 80 4 0,750 KA
A P 2148.2|24 ] 200] 85 4 0.250{KL
A P 2146.2{24 7 300 78 4 0.180]KL
A P 2148.274 8 130] 60 8 0.0871KL
A P 2148.2)24 9 302| 78 1 0.000(EP
A P 2218.3|26 1 130} 45 8 0.1801KL
A P 2218.3|Z5 2 1301 75 4 0.500(KL
A P 2218.3|26 3 50| 85 1" 0.180{KL
A P 2222.8{25 1 220| 80 41 0.1001KL
A P 2222.8|26 2 327] 78 4 0.120|KL
A P 2225.8(2% 1 205 85 3 0.700} KL
A P 222681256 2 210| 85 3 1.000
A P 2230.8/25 1 125; 80 4 0.25014 KL KA
A P 2230.8|26 2 200] 70 4 0.120{KL
A P 2230.6{26 3 324| 21 0.140]KL KA
A P 2238.0{26 1 12{ 81 8 0.070(KL
A P 2236.0{26 2 310{ o8 5 0.080|KL
A P 2238.0{26 3 197) 68 8 0.080{KL
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Py

A 4 2236.0{25 4 158; 28 4 0.200]KL 0X

A P 2238.0{26 5 142} 32 10 0.200]KL X
A P 2236.025 8 250| 86 4 0.080 KL KA

A P 2238.0{Z6 1 120 37 5 0.080{KL

A P 2230426 1 210 88 17 0.160}KL

A P 2230.4|26 2 140| 60 10 0.200(KL

A P 2239426 3 100! 60 68 0.4201KL

A P 2230.A(26 4 342| 76 4 0.250|KA KL

A P 2243.6{26 1 193; 80 i 0.2601KL KA

A P 22438|26 2 339] 48 10 017002 KL KA

A P 2243.8{26 3 176| 68 6 0.400!KL

A 4 22433126 4 140} 62 8 0.430(KL

A P 2248.3/26 1 B 13 14 0.070}KL

A P 2248.3i26 2 37] 83 3 0.160]KL

A P 2248.3i26 3 105] 13 8 0.250(KL KA

A P 2248.3(26 4 16] 18 10 0.060(KL

A P 2248.3|Z5 6 308| 70 2 0.160|KA KL

A P 2248.3{26 8 194 67 5§ 0.1401KL

A P 2262.9|26 1 371 16 10 0.0001KA KL

A P 2262.9(26 2 349] 66 10 0.200{KA KL

A p 2262.8|Z6 3 66| 80 13 0.190]KL

A P 2252.8|25 4 120| 87 a0 0.050{KL

A P 2266.8{26 1| 273} 50 5 0.1001KL

A p 2256.8126 2 230| 80 b 0.080|KL

A P 2260.5|26 1 315| 68 8 0.080{KL

A P 2428.7{28 1 333| 86 5 0.100|MY KA KL EP X STRI-333/08
A P 2428.7{28 2 364] 78 2 0.260|KL P KA X
A P 2432.6]28 1 333| 88 6 0.100|MY KA KL EP X STRi=333/08
A P 2432.5|26 2 354) 78 2 0.250|KL EP KA X
A P 24308.5|26 1 7] 68 2 0.100{KL i KA X
A P 2438.5128 2 348] 82 2 0.150;CY \J KL X
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TUNNEL |PART |SECTION |ZONE ID [ROCK ID [TYPE |WIDTH LENGTH |STRIKE [DIP {ALTERATION [REMARK

A P 1402.9(28 B1 3 0.30 2.80 22! 381

A P 1407.2[29 B1 3 0.80 1.20 88| 73|12 FROM 14117
A P 1411.7(28 B1 3 450 450 88 13j2

A P 1416.0/20 BO 2 0.80 1.10 71 783

A P 1416.0/29 B1 3 340 4.30 89) 73)2 FROM 1411.7
A P 1420.8120 B0 2 0.70 1.10 71} 783 FROM 1418.0
A P 1420.8/28 B1 3 3.60 4.60 89) 73)2 FROM 1411.7
A P 1424.7.28 B1 3 1.00 2.10 80 73|2 FROM 1411.7
A P 1477412 B4 2 2.00 220 280| 45)2 FROM 148120
A P 1481.21Z1 B4 2 240 4.10 260 45(2

A P 1485.4{21 B4 2 1.20 4.20 280] 45]2 FROM 1481.2
A P 1485.4122 B1 2 0.50 4.20 262] 52i3 FROM 1488.2
A P 1489.2{72 81 2 0.50 3.80 282| 652{3

A P 1483.7{23 B3 2 6.80 4.50 255; 39|2

A P 1498.1|Z3 83 2 7.40 440 255 39{2 FROM 1483.7
A P 1602.5{23 83 2 140 440 255 38§2 FROM 1483.7
A P 1506.8|23 B3 2 68.30 430 255( 30{2 FROM 1483.7
A P 1510.7123 83 2 5.80 3.90 255 38]2 FROM 1493.7
A P 1614.8{23 83 2 3.00 4.20 255; 38)2 FROM 1493.7
A P 1636.0(24 B3 2 0.26 0.60 22| 67]4

A P 1640.0(24 B3 2 1.70 4.00 321 Nf2

A P 1802.3(26 B3 2 1.20 1.20 38| 82{3

A P 1608.2/26 B3 2 1.00 1.00 38| 82)3 FROM 1802.3
A P 1760.3;26 81 3 1.00 3,90 38| 25i4 0.1m claycrush horiz
A P 1754.3{26 B1 2 0.30 4.00 38| 254 STR

A P 1758.9126 B1 3 0.50 4.60 45| 28{4

A P 1762.8{18 B1 3 0.70 3.70 45| 28(4 FROM 1750.3, 1758.9
A P 1785.4)28 B1 2 0.05 2.80 45| 28|3 STR

A P 1770.2|1Z7 B1 2 0.40 0.40 325 88|3

A P 1770.2|268 81 2 0.40 4.80 45| 28/3

A P 1774.0{28 B1 2 0.80 3.80 45| 28;3 also BO

A P 1776.5(28 B1 2 0.30 250 45| 283 aiso BO

A P 1780.8|268 81 2 0.50 4.30 45| 283 also BO

A P 1784.8|28 B0 2 0.50 4.00 45! 283 also B1

A P 1789.4|26 80 2 0.80 4.60 45| 2843 also 81

A P 1783.8{28 B1 2 0.60 4.20 45| 28)3 also 83

A P 1797.8)28 B0 2 0.50 4.00 45| 283 also B3

A P 18020268 B0 2 0.50 440 45| 2813

A P 1806.4(28 B0 2 0.50 440 45| 283

A P 1810.0{26 80 2 0.50 450 45| 28j3 MAINLY 1 FRAC
A p 1814.9(26 BO 2 0.50 4.00 45| 28i3

A 4 1819.3(26 B0 2 0.50 4.40 45| 28|3
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\
A P 1823.426 B0 2 0.50 4.10 45| 28)3 SINGLE FRACTURE
A P 1827.5|28 BO 2 0.50 4.10 45! 28|3
A P 1831.5/28 B0 2 0.60 3.76 359 7412
A P 1831.5/268 B0 2 0.60 4.00 45| 28|3
A P 1636.0(28 B0 2 0.40 450 24| 2443 also B3
A P 1840.4{26 BO 2 0.50 440 18] 18}3 0 f1/0.5m, also B3
A P 1845.0127 83 2 1.00 3.00 11} 684 also B1
A P 1845.0|78 BO 2 0.50 4.80 18] 1813
A P 1848.4/26 B3 2 0.20 3.40 401 20j3 also BO
A P 1848.4{27 88 2 2.50 3.40 15| 70}4 60r/2.5m, also 83
A P 1852.9|28 B3 2 0.20 1.00 401 20|3 also B6
A P 18628127 88 2 0.76 1.20 15| 70i4
A P 1876.4|28 B1 2 0.20 450 110] 84|3
A P 1860.3|28 B1 2 0.70 2.00 110] 80]3
A P 1870.4(20 B1 2 0.20 1.00 288| 86|3
A P 1984.1;20 B1 2 0.40 4.70 200] 853
A P 16086.8{20 81 2 0.40 450 200| 85|3
A P 1902.2|29 B1 2 0.30 3.80 108| 88(3
A P 1897.0|28 B1 2 0.30 4.80 108] 88{3
A P 2001.3[28 B1 1 1.00 430 100} 85)3
A P 2005.4)28 81 1 1.00 3.30 110 85{3
A P 2013.4{20 B2 1 2.00 3.90 322| 70{2
A P 2018.1120 B2 3 6.00 4.80 322| 70)2
A P 2018.1j21 B1 2 0.80 3.00 335| 80[4 PARTLY CRUSHED
A 4 2023.4{21 82 2 0.80 5.30 335 680i4 PARTLY CRUSHED
A P 2023.4{20 82 3 5.00 5.30 322| 70;2
A P 2026.5|21 B1 2 1.00 3.10 154] 83}4
A P 2028.5/20 81 1 1.00 1.80 320{ 882
A P 2030.5{20 81 1 110 4.00 320| 88(2 WATER
A p 20305|21 81 2 0.40 400 342 7214 WATER
A P 2034.8/20 B1 1 1.20 150 3201 86j2 FROM 20305
A P 2034.6122 B3 3 220 4.10 60| 601
A P 2030.0122 83 3 4.80 4.80 80| 601
A P 2043.0122 B3 2 4.00 4.00 80 60|2
A P 2047.0|22 B3 3 4.00 4.00 80| 60}1 ORIENTATION NOT DEF.
A P 20515]22 B3 3 450 4.50 60| 60j1
A P 2066.4i22 83 2 3.90 3.80 60) 80j2
A P 2068.7]22 B3 2 3.30 3.30 80} 60]1
A P 2081.0|22 83 2 0.40 4.00 80} 60)1
A P 2116.8(Z3 B4 2 2.20 3.00 355| 803 BRITTLE ZONE
A P 2120.8{23 84 1 2.20 4.00 345| 80j2
A P 2126.0{23 B4 2 1.00 4.40 350 882
A P 2128.5{23 B4 2 1.50 4.50 350) 882
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{

A P 2133.7123 B4 2 2.00 4.20 355| 80|2
A P 2138.1|23 B4 2 2.00 4.20 355 80{2
A 4 - 2141.9174 B3 1 4.00 5.00 254! 39)2
A P 2146.2124 B3 1 4.00 4.20 254; 38(2
A P 2218.3|25 B3 2 200 2.00 275] 65|1
A P 2222.8/26 83 2 430 430 275] 85|1
A P 2226.8i25 B3 2 3.20 3.20 275] 851
A P 2230.8|Z5 B3 2 4.80 4.80 275{ 85|1
A 4 2238.0|25 B3 2 540 5.40 275) 851
A P 2230426 B3 2 340 340 275| 65)1
A P 2243.8126 B3 2 420 4.20 275| 851
A P 22483125 83 1 4.70 4.70 276{ 6851
A P 2262.9{26 B3 2 450 4.50 275] 85[1
A P 2256.8|26 B3 3 200 3.70 275; 85[1
A P 2260.5/26 B3 2 0.20 0.50 275 85(1
A P 2428.7126 81 2 0.50 1.50 333| 883
A P 2432528 B1 2 0.50 3.80 345) 8313
A P 2436.5/76 B1 2 0.30 150 338] 8512
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PROBEOBS.DBF

AREACODE [IDCODE |LENGTH ROCKIYPE | QUANTITY _|REMARK

AL SA1420A 0.0|PSF 0,000

g SA1420A 15 0.200| ESTIMATED FLOW

o SA1420A 20 3,000  ESTIMATED FLOW

AL SA1420A 290 8,000 ESTMATED FLOW

AL SA1420A 350 20.200] MEASURED IN HOLE

AL SA1420A 440 97,000 MEASURED IN HOLE

AL SA1420A 500|PSF 33,700| END MEASURED IN SECTION
AL SA14208 0D!PSF 0,000

Al SAY420B 105 9.000! ESTIMATED FLOW

AL SA1420B 135 15.000] MEASURED IN HOLE

AL SA1420B 500!PSF 16,400 END MEASURED IN SECTION
AL SA1464A 0.0.PSF 0,000

AL SA1464A 105 0.100| ESTIMATED FLOW

AL SAV464A 17.5/HSC 0.100! ESTIMATED FLOW

AL SA1464A 19.6/HSC 0.090| END MEASURED IN SECTION
AL SA14564B 00[PSE 0,000

AL SA14648 199! PSF 0.079 END MEASURED IN SECTION
AL SA1481A 0,01HSC 0.000

AL SA1481A 25.PSF 0.000

AL SA1481A 40/HSC 0,000

AL SA1481A | 10.0;PSF i 0.000!

AL SA1481A 150!HSC [ 0.000

AL SA1481A 15,5\ PSF ! 0,000

AL SA1481A 19 8| PSF I 0,085 MEASURED IN SECTION, END
AL SA14B1B 00!PSF i 0,000!

AL SA14818 60 HSC i 0,000

AL SA1481B 7.0'PSF ! 0,000

AL SA1481B 9 H|HSC 0,000

AL SA1481B 130:PSF 0,000

AL SA1481B 19.8{PSF i 0.104| MEASURED IN SECTION, END
At ISA1498A 0.0HSC i 0,000

'SA1498A 60 2 0,085!END

R ral SA1498B 0.0/HSC i 0,000

AL SA1498B | 40;PSF E 0,000

AL SA1498B ! 200:PSF : 0,000 @=0.0002)/ min MEAS IN SECT.
Al SA1514A | 00,PSF : 0.000!

AL SA1514A | 80 i 1.000. ESTIMATED IN HOLE

AL SAI514A | 19.91PSF 0.023: MEASURED IN SECTION, END
AL SA1514B | 00:PSF i 0,000!

AL SA1514B | 15/ HSC z 0,000

AL [SA1514B | 40[HSC ! 0,000!

AL SA1514B | 11.0/PSE 0,000 ©=0,0018//min M AFTER DRILL
AL ISA1514B | 200! PSF 0.002:END

AL SA1532A 0.0!PSF 0.000!

AL SA1532A 30HSC 0.000!

AL SAI532A | 501PSF 0,000

AL SAI532A ! 20,3]PSF ; 0,000, END,&=0.00041/min MEAS IN SECT
AL SA1532B | 0.0:PSF ! 0.0001

AL SA15328B | 30{HSC ; 0,000!

AL "[SA15328B ¢ 70! PSF i 0.000:

AL SA15328 | 200! PSF ! D.001 END, MEASURED IN SECTION
AL SA1549A | 00! PSF ; 0.000!

Al SAY549A | 20{HSC ; 0.000i

AL SAI540A | 30!PSF } 0,000

AL SAI549A ! 200|PSF i 0.000iNO FLOW, END

AL SA1549B | 00!PSF 0,000

AL SA1549B ! 145|HSC 0000

AL SA15498 | 150|PSF 0,000

AL SA15498 | 140 0.150 ESTIMATED FLOW

AL SA1549B | 200|PSF 0,052 END MEASURED IN SECTION

SA1564A 00! PSF 0,000
b SA1564A Nno 0.290 MEASURED IN SECTION

AL SA1564A 19.9|PSF 0.290.END

AL SA1564B | 00|PSF 0.000

AL SA1564B | 135 20,000: ESTIMATED

AL SA1564B 160 30,000 ESTIMATED, CLAY
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AL SA1564B 19.9|PSFE 21 00| MEASURED IN SECTION, END
AL SAI581A 0.0!PSF 0.000
SA1581A 70 27 600 MEASURED IN SECTION
_y SA1581A 180[HSC 27600
AL SAI581A 19.0{PSF 27,600
AL SA1581A 195|HSC 27.600
AL SA1581A 20,1{HSC 27 600,END
AL SA15818 00!PSF 0.000
AL SA1581B 100 0,042 | MEASURED IN SECTION
AL SA1581B 11.0|VB 0042
AL SA1581B 190{VB 0042{END
AL SA1597A 00|PSF 0.000
AL SA1597A 05/HSC 0000
AL SA1597A 45!PSF 0,000
AL SAI597A d10 0.840] MEASURED iN SECTION
AL SAI597B | VB 0,000
AL SA15978 10[PSF 0.000
AL SA1597B 40IHSC 0,000
AL SAI597B 45!PSF 0,00
AL SA15978 140 0.535| MEASURED IN SECTION
AL SA1597B 200|PSF 0,535/END
AL SAI614A 00]VB 0.000
AL SA1614A 1.0|PSE 0.000
AL SAT614A 20lVB 0,000
AL SAI614A 3 0|PSF 0,000
AL SA1614A 55[VB 0,000
AL SA1614A 95|PSF 0,000
AL SA1614A 110{VB 0.000
AL SA1614A 120|PSF 0,000
AL SA1614A 14D{HSC 0.000
AL SA1614A 145{PSF 0,000
A SAT614A 180{VB 0,000
SA1614A 204|VB 0.000/NO FLOW
L SA1614B 00|PSF 0,000
AL SA1614B 70 5,300 MEASURED IN SECTION
AL SA1614B 19.3|PSF 5300.END
AL SAT629A 00|PSE 0,000
Al SAT629A 45/HSC 0,000
AL SA1629A 501 PSF 0,000
AL SA1629A 100iHSC 0,000
AL SA1629A J05|PSF 0,000
AL SA1629A 11.5/HSC 0,000
AL SA1629A 12.0PSF 0,000
AL SA1629A 160/VB 0.000
AL SAT629A 20.4/VB 0,001  MEASURED IN SECTION
AL SA1629B 00|PSF 0,000
Al SA16298 | 135 2.730i MEASURED IN SECTION
AL SA16298 11DIHSC 0,000
AL SA1629B 120|PSF 0,000
AL “1sA1629B 12.5/HSC 0,000
AL SA16298 13 D[PSF 0,000
AL SA16298 140[HSC 2,730
AL SA16298 160PSF 2,730
AL SA1629B 19.4{PSF 2,730|END
AL SAI643A 00/VB 0.000{ VB APLIT VEINS
AL SA1643A 200{VB 0,048 MEASURED IN SECTION
AL SA1643B 00/HSC 0,000
AL SA1643B 10[VB 0,000
AL SA1643B n5 0.100iESTIMATED
AL SA1643B 130 8.000|ESTMATED
AL SA1643B 202 8.400! END MEASURED IN SECTION
. SA1664A 0.0|PSE 0.000
SepAl SA1664A 200[PSF 0.010| MEASURED IN SECTION, END
AL SA1664B 00IPSF 0.000
AL SA1664B 05[HSC 0.000
AL SA16648 15|PSE 0,000
AL SA1664B 1401VB 0,000
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AL SA1664B 16 D{FSF 0,000
AL SA16648 180{VB 0,000
SA1664B 203[VvB 0,000{END
- SA1680A 00lHSC 0,000
(AL SA1680A 15|VB 0.000
AL SA1680A 85| PSF 0,000
AL SA1680A N5 66600 MEASURED IN HOLE
AL SA1680A 160|PSF 66,600 MEASURED IN SECTION
AL SA16808 00|VB 0,000
AL SA1680B 70 10,800 MEASURED N SECTION
AL SA16808 9 0|PSF 10,800
AL SA1680B 130[HSC 10,800
AL SA1680B 16,5,PSF 10,800
AL SA1680B 200|PSF 10.800[END
AL SA1693F 00{VB 0.000
AL SA1693F 35|HSC 0,000
AL SA1693F 65| PSE 0,000
AL SA1693F 70 25,0001 ESTMATED
AL SA1693F 75|HSC 0.000
AL SA1693F 100[PSE 0,000
AL SA1693F 328 150,000 ESTIMATED
AL SA1693F a85|{PSE 170.000' END MEASURED IN HOLE
FAL SA1696A. 0olVB 0,000
AL SAT696A 35|HSC 0,000
AL SAT696A 70|PSE 0,000
AL SA1696A 202[PSE 0.071  MEASURED IN SECTION
AL SA1696B | 00| PSE 0.000; PARTLY OXIDIZED
AL SA1696B 100 9.000 MEASURED IN SECTION
AL SA1696B 19,1!PSE 9,000; END
AL SA1713A 0.0!PSE 0.000!
AL SA1713A 175 0.000! WATER FLOW?
~ SA1713A 195 315,000: MEASURED IN HOLE, END
SA1713B 0,0!PSE 0,000
yAL SA1713B 100 5240 MEASURED IN SECTION
AL SA1713B 200,PSE 5240°END
AL SA1726F 0DIPSE 0,000
AL SA1726F 50 ! 0.,500: ESTIMATED
AL SA1726F | 85| i 10.000 ESTIMATED
AL SA1726F | 115! 20,000 ESTIMATED
AL SA1726F | 195/VB 20,000
AL SA1726F | 200 40.000: ESTIMATED
AL SA1726F 240;PSF 40,000
AL SA1726F | 265 PSF 80,000 ESTIMATED
AL SA1726F 385! PSF 90,000 END MEASURED IN HOLE
AL SA1730A 0,0!PSE 0,000!
AL SA1730A | 100 8.550: MEASURED IN SECTION
AL SA1730A 100! PSF 8,550
AL SA1730A 20.0{PSF 8,550.END
AL SA1731B 00(PSE 0.000i
AL SA1731B 8.5|PSF 3,000 MEASURED IN SECTION
AL SA1731B 192!PSF 3.000:END
AL SA1742F } 00!PSF 0,000
AL SA1742F 40 1,000 ESTIMATED
AL SA1742F 320 5,000 ESTIMATED
AL SA1742F 350 20.000: ESTIMATED
AL SA1742F 41,1]PSF 356,000: MEASURED IN HOLE
AL SA1746A 00| PSF 0,000
AL SA1746A 05|PSF 0,000{ZON. Z6
AL SA1746A 20/PSF 0.000; PARTLY OXIDIZED
AL SA1746A 80|PSF 0,000
AL SA1746A 19.9|PSF 0.002: MEASURED IN SECTION, END
. SA1746B 00|PSE 0,000/ PARTLY OXIDIZED
AL SA1746B 35|PSF 0,000]
AL SA1746B 50|PSE 0.000!
AL SA1746B | 65/HSC 0,0001
AL SA1746B | 70IPSF ! 0.000:
AL SA1746B | 90!PSE i 0.000:
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AL SA1746B 90|PSE 3,500 MEASURED IN SECTION
AL SA1746B 150[{HSC 3.500
. SA1746B 17.5|HSC 3,500
. SA1746B 199! PSE 3,500/END
TAL SA1759A 0,0|PSF 0,000 PARTLY OXIDIZED
AL SA1750A 45|PSF 0,000
AL SA1750A 12.0 3,550} MEASURED IN SECTION
AL SA1750A 20,4|PSF 3,550]END
AL SA17598 00|PSF 0.000]OXIDIZED
AL SA1759B 35/HSC 0.000
AL SA17598 60|PSE 0.000
AL SA1759B 20.2{PSE 0,450 MEASURED IN SECTION, END
AL SAVZ77A 00|PSF 0,000
AL SA1777A 202{PSF 0.530| MEASURED IN SECTION, END
AL SA17778 00|PSE 0,000
AL SA17778 5,5[HSC 0,000
AL SA17778 6,5PSE 0,000
AL SA1777B 19.8|PSE 0,102 MEASURED IN SECTION, END
AL SA1794A 00[PSE 0,000
AL SA1794A 60|PSF 0,000
AL SA794A 11 0{PSE 0,000
AL SA1794A 12,5|PSF 0.000
AL SA1794A 17.0|PSE 0,000
AL SA1794A 19,5{PSE 0.030| MEASURED IN SECTION, END
AL SA1794B 0.0|PSE 0.000
AL SA1794B 19.8]PSE 0,000 NO FLOW AFTER DRILLING, END
AL SA1815A 00|PSE 0.000
AL SA1815A 19.0[HSC 0.000
AL SAI1815A 204/HSC 0.016! MEASURED IN SECTION, END
AL SA1815B 00!PSE 0,000
AL SA1815B 100/HSC 0,000
AL SA1815B 105/ PSE 0,000
. SA18158 120 PSF 0,000
il SA18158 125 0.186! MEASURED IN SECTION
AL SA18158 19.8 0,186 MEASURED AFTER DRILLING, END
AL SADKP4B 00!PSE 0,000
AL SAD694B | 55/HSC 0.000;
AL ISAD694B | 20 2,000! ESTIMATED
AL 1SA0694B ! 11.0iPSE 0.000
AL SAD694B 29.5|PSE 6,700, MEASURED IN SECTION, 13.00
AL SAD694B 295!PSE 3.900: MEAS IN SEC 15.53 STABEL. END
AL SAD704B 00[PSE 0.000
AL SAO704B 100|HSC 0.00
AL SAQ704B | 110 1,000: ESTIMATED
AL SAQ704B | 12.0!PSE 1,000/
AL SA0704B 230 3,000 ESTIMATED
AL SAD704B 24,5/HSC 3,000
AL SA07048B | 265 3,000/ ESTIMATED
AL SAQ704B ! 285!PSE 0.000
AL SAC704B | 29.7|PSE 6,800, MEASURED IN SECTION,END
AL " ISAD716B 00|PSE 0.00
AL SAD716B 293|PSE 0,006/ MEASURED IN SECTION,END
AL SAD760B | 00| PSE 0.000
AL SAQ760B | 55 2,000] ESTIMATED
AL SAD7608B | 145 3,000| ESTIMATED
AL SAD7608 | 160 200,000 ESTIMATED
AL SAD760B 292|PSE 253 000 MEASURED IN HOLE, END
AL SA0762B 00[PSE 0.000
AL SAD7628 55 2,000 ESTIMATED
AL SAD762B 85 3,000!ESTIMATED
AL SA0762B 175 5,000| ESTIMATED
I SAD762B 205 8.900! ESTIMATED
n SAD762B 29.3|PSE 8.900| MEASURED IN SECTION END
AL SA0764B 00|PSE 0.000
AL SA0764B 1158 2,500! ESTIMATED
AL SAD7648 125 3 500;ESTIMATED
AL SAD764B | 180 15.700: MEASURED IN HOLE
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AL SA0764B 240 225, 000]ESTIMATED
AL SA0764B 29,1|PSE 225,000 MEASURED IN HOLE END
SA1498A 20,1[HSC 0.085 MEASURED AFTER DRILLING END
. SAD709B 200|PSE 0.,000END
AL SAD776B 105 3,090 MEASURED IN SECTION
AL SADS31A 170 20,000 ESTIMATED
AL SA09768 105 40.000| FLOW INCREASING
AL SAD993B 125 211,000/ MEASURED IN HOLE
AL SA1145A 85 3 000/ ESTIMATED
AL SA15498 50 0.100|ESTIMATED FLOW
AL SAIS97A (20Q)PSE 0,840/END
AL SA1680A 70 10,0001 ESTIMATED ~
AL SA1828A 00![PSE 0,000
AL SA1828A 40/HSC 0,000
AL SA1828A 55|PSE 0.000
AL SA1828A N0 0.650| MEASURED IN SECTION
AL SA1828A 200|PSE 0.650|END
AL SA1828B O0|PSE 0,000
AL SA18288 185 8.300| MEASURED IN SECTION
AL SA1828B 200:PSE 8,300{END
AL SA1844A 00[HSC 0,000
AL SA1844A 8,5, PSF 0.000
AL SA1844A 85 17.000 MEASURED IN SECTION
AL SA1844A 199!PSF 17.0001END -
AL SA1844B 00/HSC 0,000
AL SA18448 10!PSF 0,000
AL SA1844B 100 30,800 MEASURED IN SECTION
AL SA1844B 2001PSF 30,800]END
AL SA1861A 00!PSF 0.000
AL SA1861A 75 102,000 MEASURED IN SECTION
AL SA1861A 20.2;PSF 102,000{END
fa SA1861B | 00| PSF 0.00
‘ SA1861B 60/HSC 0,000
il SA1861B 7 5|PSF 0.000
AL SA1861B 150/VB 0.000
AL SA1841B 200! 9,000| MEASURED IN SECTION
AL SA18778 | 0.0:PSF 0,000
AL SA1877B 90IHSC 0,000
AL SA1877B | 11 0] 0,078 MEASURED IN SECTION
AL SA1877B | 19,81 PSF 0.078{END
AL SA18938B | 00.PSF 0,001
AL SA1893B | 80 0,200
AL SA1893B | 125/ HSC 0.200
Al SA1893B | 13,5!PSF . 0200
AL SA1893B | 170 : 0,500
AL SA1893B | 200!PSF 2 0.500!
AL SA1893B | 200! PSF ! 0,660 MEASURED IN SECTION, END
AL SAI1909A 00! PSF 0,00
AL SAI909A 192 i 0.120: MEASURED IN SECTION
AL SAI909A 192!PSF | 0.120,END
AL SA19098 00!PSF 0.000
AL SA19098 201HSC 0,000
AL SA19098 25/HSC 0.000
AL SA1909B 195 0,017
AL SA19098 | 195! PSF 0017:END
AL SAI920A | 00|PSF 0,000
AL SA1920A | 55/HSC 0.00
AL SA1920A 7.0!PSE 0,000
AL SAI920A 199 0.015: MEASURED IN SECTION
AL SA1920A 19.9|FSF 0.015!END
AL SA1920B 00|PSF 0,000
SA1920B 19.8 | 0.000,&=0
il SA1920B 19 8| PSF | 0,000:8=0 . END
AL SA1938A 00|PSF 0,000
AL SA1938A 196 0,000:@=0
AL SA1938A 19.6|PSF 0.000/@=0, END
AL SA1938B | 0.0iPSF 0.000!
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AL SA1938B 19.8 0.760] MEASURED IN SECTION
AL SA1938B 19.8]PSF 0,760{END
SAI95GA 00| PSF 0.000
SA1959A 125{HSC 0,00
AL SA1959A 13,5{PSF 0.000
AL SA1955A 20,1 0.0071 | MEASURED IN SECTION
AL SAI950A 20,1{PSF 0,001 END
AL SA1959B 0.0|PSF 0,000
AL SA1959B 80{HSC 0.00
AL SA19598 9.5|PSF 0,000
AL SA19598 199 0,005/ MEASURED IN SECTION
AL SA1959B 199|PSF 0,005|END
AL SAI975A 0O|PSF 0.000
AL SA1975A 19.7|PSF 0,018 MEASURED IN SECTION, END
AL SA1975B 00| PSF 0,000
AL SA1975B 19.8!PSF 2 020 MEASURED IN SECTION, END
AL SAI997A 0.0|PSF 0.000
AL SAI957A 85{HSC 0,000
AL SA1997A 135 57000 MEASURED IN SECTION
AL SA1997A 190|PSF 57,000 '
AL SA1997A 19.8|PSF 57 000}END
AL SA1997B 00|HSC 0,000
AL SA1997B 40| PSF 0.000
AL SA1997B 19,11 PSF 0,001 MEASURED IN SECTION, END
AL SA2009A 00IHSC 0,00
AL SA2009A 55| PSF 0.000
AL SA2009A 19 A|PSF 0.177 MEASURED IN SECTION, END
AL SA20098 DDIPSF 0,000
AL SA20098 19.5|PSF 0,098 MEASURED IN SECTION, END
AL SA2025A 00| PSF 0.000
AL SA2025A 140 12,000} ESTIMATED
AL SA2025A 17.0iHSC 65,000! ESTIMATED
SA2025A 200!PSF 65,000
_ SA2025A 320 72.000! ESTIMATED
AL SA025A 404 72 600! MEASURED IN SECTION
AL SA2025A 40,41 PSF 72,600 END
AL SA20258 00| PSF 0.000!
AL SA2025B 65 20.200; MEASURED IN SECTION
AL SA2025B 135{HSC 20200
AL SA20258 19.9{HSC 20,200;END
AL HA1960A 0.0|PSF 0.000
AL HAI960A | 260 4,000, ESTIMATED
AL HAT960A 300 12,000} ESTIMATED
AL HA1960A 320 13,200 MEASURED IN SECTION
AL HA1960A 320;PSF 13,200 END
AL SA2043B 00.HSC 0,000
AL SA2043B 60IPSF 0.000
AL SA2043B 11,5|PSF 0.000
AL SA2043B 20.5|PSE 0.002| MEASURED IN SECTION, END
AL SA2058A 00{HSC 0,000
AL SAZ058A 25|PSF 0,000
AL SA2058A 45|PSE 0,000
AL SA2058A 202|PSE 0.017| MEASURED IN SECTION, END
AL SA20588 00IPSF 0.000
AL SA2058B 35|PSE 0.000
AL SA2058B 140/PSE 1,420| MEASURED IN SECTION
AL SA20588 19,8|PSE 1.440|END
AL SA2074A 00|PSE 0.000
AL SA2074A 38,7.PSE 0,265 MEASURED IN SECTION, END
AL SA2074B 00!PSE 0,000
AL SA2074B 80 7,000 ESTIMATED
SA2074B 150 450,000/ ESTIMATED
" SA2074B 200{PSE 500,000 MEASURED FROM HOLE
AL SA2074B 200! PSE 500,000 END
AL SA2090A 00|PSF 0,000
AL SA2090A 35|PSE 0,00
AL SA2090A 90! PSF 0,000
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AL SA2090A 140|PSE 0,001
AL SA2090A 20.5|PSE 0.001 MEASURED IN SECTION, END
AL SA2090B 0.0{PSE 0.000
L SA20908 2D|PSF 0,000
AL SA2090B 70|PSE 0,000
AL SA2050B 8,0[PSE 45,000/ ESTIMATED
AL SA2090B 11.0]PSE 150,000| ESTIMATED
AL SA20908 140[PSE 291 000| MEASURED FROM HOLE, END
AL SA2109A 00|PSE 0,000
AL) SA2109A 19.9{PSE 0.034| MEASURED IN SECTION, END
ol SA21098 0.0|PSE 0.000
AL SA2109B 50{PSE 4,000 ESTIMATED
AL SA21098 15,5|PSE 40,000{ESTIMATED
AL SA2109B 19.9|PSE 43,000 MEASURED IN SECTION
AL SA21308 00|PSE 0,000
AL SA2130B 50| PSE 0.100/ESTIMATED
AL SA2130B 8,0|PSE 3 ,000|ESTIMATED
AL SA2130B 105|HSC 3,000
SA21308 14 5|PSF 0.000
SA21308 200|PSF 3,780 MEASURED IN SECTION. END
SA2142A 00{HSC 0,000
SA2142A 15| PSF 0.000
SA2142A 100[HSC 0,000
SA2142A 10,5|PSF 0.000
SA2142A 16,5|PSF 3,000! ESTMATED
SA2142A 200|PSF 3,930/ MEASURED IN SECTION, END
SA2142B 00[HSC 0,000
SA2142B 25|PSF 0.000|
SA2142B 8.0[PSF 5,000 ESTIMATED
SA2142B 206|PSF 5,870 MEASURED IN SECTION. END
SA2160A 00|PSF 0,000
SA2160A 05/HsC 0,000]
SA2160A 25| PSF 0,000
SAZ2160A 110]PSF 0,100! ESTMATED
SA2160A | 19 8/ PSF 0.124 MEASURED IN SECTION, END
SA21598 ! 0.0[PSF 0.000i
SA21598 : 3,5 HSB 0.000i
SA2159B | 40|PSF 0,000
SA21598 8,0|PSF 1,000! ESTIMATED
'SA21598 200(PSF 1.060; MEASURED IN SECTION, END
ISA2175A 0.0{PSF 0.000
SA2175A 20.3|PSF 0.038 MEASURED IN SECTION, END
SA21758 0.0|PSF 0,000
SA2175B 2,5/HSC 0,000
SA2175B 3,5{PSF 0,000
SA2175B 200!PSF 0.131: MEASURED IN SECTION, END
SA2192A 0,0|PSF 0,000!
SA2192A 19.6|PSF 3,000 MEASURED IN SECTION, END
SA2192B 0.0!PSF 0,000
SA21928 14 0| PSF 1,000: ESTIMATED
SA2192B 17.0|PSF 3,000 ESTIMATED
SA21928 200|PSF 17.700! MEASURED IN SECTION, END
SA2207A 200|PSF 0,000
SA2207A 45[HsC 0.000
SA2207A 190[PSF 0.000
SA2207A 20,1 |PSF 0.053/ MEASURED IN SECTION, END
SA22078 00[PSF 0.000
SA22078 25]VB 0.000
SA2207B 55(PSF 0,000
SA2207B 19.9|PSF 0.159MEASURED IN SECTION, END
SA2222A 00 0.000
SA2222A 75 50,000, ESTIMATED
SA2222A 120 55,600 MEASURED IN SECTION, END
SA22228 00[PsF 0.000
SA22228 11,7|PSF 513,000 MEASURED IN HOLE
SA22228 120} PSF 513.000END
SA2240A 00IHSC 0,000

Sida?7




Appendix B-6



Appendix B-6

oil FRACTURES
1col Soussion Function
of Somple Points

Hoter conducting Fi rocture

\ Sphericol Goussion Function .
_of Soeple Points ...

Froctures of grouted zones

Soherical Boussion Function
Number of Seaple Points . . £78

froctures with “grout” from sect

Sphericol Boussion Function |
of Somple Points ... 71

a-g:Stereo plots and contoured stereogramms of fracture plane poles.
a,b - all fractures sections 1400 to 2500, n= 4285; ¢,d - water conducting fractures, n= 287;

e,f - fractures with grout, n=71; g,h - fractures of grouted sections, n= 878
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~

Grouted section 8

S; col Boussion Function
&g‘e;‘ of Somple Points 5

Grouted sect.on 3

Projection . yIfF
Nuaber of Sompie Points 18

Grouted section 10

Spherica) Goussion Function
Number of Somple Points &5

B-7fff: Stereogramms and contoured plots of fractures in grouted sections. Mapped fracture zones are excluded here
(cf. chapter 4).
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Grouted section 1

Sphericol Goussion Functien
Number of Somple Points 290

Groutsection 2

N
( \‘ Spher:col Goussien Function
\ —— " Nuaber of Somple Points

B-7: Stereogramms and contoured plots of fractures in grouted sections. Mapped fracture zones are excluded bere
(cf. chapter 4).
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S~
S 1col Goussion Function
Nusber of Somple Points

Grouted section B
Sphericol Boussion Function
Numper of Sompie Points .. 178

Grouted section 7
Spher:col Sowss:on function
Nurber of Somple foints 78

B-7ff: Stereogramms and contoured plots of fractures in grouted sections. Mapped fracture zones are excluded here

(cf. chapter 4).
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A 2035-2053
Sten FuneTien Greg
Nunber <7 Scxole Psints

|
Stes Function 5rig
Nunber of Samole Pz:nts

Zone ¢ 1Z9) =n lez 0=
Stez Fungeion 5r:0
Numoer of 3ompie F2ints

Icne 3, 2218-2Z5Cm; ASPO
Stes Function 3r1g
Numper of Somple Foints 262

B-8 Contoured diagrams of mapped fracture zones, tunnel section 1/600 to 2/400m. (For the
location of fracture zones cf. Tab.6.
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Section Frequency/meter Frequency/meter Frequency/meter
Lengtt{Strike Strike | Strike
1 |to 010 180-190 |NNE 350-360 1170-180 | NNW-1 340350 [160-170 |NNW-2
. .500{1620 20 0,15 0.05 0.20 0230 005 035 025 0.05 0.30
6201640 20 045 000 045 020 005 0.25 025 005 030
1640|1660 20 0.10 0.10 0.20 0,10 0.00 0.10 0.05 0.10 0.15
1660{ 1680 20 0.05 0,10 0.15 0,00 0.00 0.00 0,10 005 0.15
1680{ 1700 20 0.00 000 0.00 0.05 005 0.10 005 0.05 0.10
1700|1720 20 0,15 005 020 0,15 025 0.40 0.25 0,10 035
1720} 1740 20 035 0.25 040 0.15 005 0.20 0.20 0,05 0.25
1740|1760 20 025 000 026 0,25 020 0.45 0.20 005 025
1760} 1780 20 0,15 020 035 0.15 0.10 0.25 0.10 0.05 0.15
17801 1800 20 030 0,05 035 005 0.05 0.10 0.10 0.00 0.10
1800| 1820 20 035 0.05 0.40 0.30 0,15 0.45 0.45 0.05 0,50
182011840 20 0.30 0,10 0.40 0.40 0.40 0.80 0.40 0.0 0.80
1840 1860 20 0,25 0.50 0,78 0.50 0.70 1.20 0.70 0.70 1,40
1860 1880 20 0.50 0.75 1.65 0,40 025 0.65 0.25 0,30 0.55
1880{ 1900 20 055 025 0.80 0,30 0.15 0.45 0,10 0.20 030
1900} 1920 20 025 020 045 0.20 020 0.40 0.15 0,16 0.30
1920} 1940 20 020 0,15 035 0.05 020 025 0.20 020 0.40
1940) 1960 20 0.35 025 040 0.15 0,05 0.20 0.05 005 0.10
1960} 1980 20 0.25 0.05 0.30 0,15 0.15 0.30 0,00 005 005
1980|2000 20 0.30 0.00 0.30 0,00 0.10 0,10 0,10 0.15 025
2000[2020 20 0.30 020 0,50 020 0.30 0.50 0.15 0.20 035
2020{ 2040 20 025 0.25 0.50 0.10 020 030 0.15 020 0.35
2040; 2060 20 0,16 0.50 0.65 0.05 0.10 0,15 0.10 0.10 0.20
2060|2080 20 025 025 0.80 .00 0.35 0.35 0,35 0.50 0.85
2080{2100 20 0.00 0.40 0,40 0.20 020 0,40 020 020 0.40
210012120 20 0.05 0,35 0,40 0.8 0.00 0.15 0.00 0.15 0.15
21202140 20 0.00 0,10 0.10 0,10 0.25 035 0.20 025 045
214012160 20 0.00 0.25 025 0.05 0.15 0.20 0.15 0.15 030
1 2160{2180 20 005 025 030 0.10 045 0.55 035 035 0,70
180} 2200 20 020 0.35 0,55 0.10 0,15 025 0.15 020 035
Ty 220012220 20 0.10 020 030 0,10 0.30 0.40 0.30 0.40 0.70
2220|2240 20 0.15 0.30 0.45 0.05 0.05 0,10 0.05 0.05 0.10
2240|2260 20 0.05 0.10 0.15 0.00 0,00 0,00 000 000 0,00
226012280 20 0.00 0.00 0,00 0.10 0.55 0,65 0.45 0.70 1,15
2280|2300 20 0.40 0.40 0,80 0.20 0.65 0.85 0.40 0.45 0.85
230012320 20 035 0.95 1,30 0.15 0.85 1,00 0.70 0.90 1.60
2320|2340 20 035 035 0.70 005 035 0.4 0.80 035 1,15
234012360 20 0.45 0,55 1.00 0.30 0.55 0.85 055 0.55 1.10
236012380 20 0.10 0.10 0.20 0.05 0.10 0.15 0.10 0.0 0,20
2380{2400 20 0.10 0,55 0.65 0.40 0,55 0.95 0.45 0.55 1.00
Average i 022 0.24 0,46 0,16 0.23 039 024 0.23 0.47
; | i i
1 | ?
i ; ‘Frequency/meter
Tunnelleg ileng NNE NNW-1 NNW-2
from ito 10-10 180-190 350-360 1170-180 340-350 1160-170 .
161071765, 155 0.13 0.10 023 0.14 0.10 0.24 0.15 0.07 0.23
17651910 145 0.41 0.28 080 0.29} - 027 056 030 025 0.55
1910{2055] 145 0,24 020 0.44 0.11 0.15 0.26 0.10 0.13 0.23
2055{2210] 155] 0,12 029 0.41 0.10 0.24 0.34 0.2 0.28 050
221012365 185 023 0,34 0.57 0.12 0,40 0.52 0,34 0.41 0.75
‘Frequency/meter
Section Section lenght
from |10 270280 [|90-100  1280-290 100-110 1290-300 |100-120
16101765 165 0.13 0,08 0.14 0,12 033 032
176511910 145 0,07 0,19 0,12 024 005 022 i
1910{2056! 145 0.05 008 0.08 0,13 03 0.1
. 2055[2210] 185 005 0,08 0.13 0,19 0.21 021

| 2210(2365] 155 0.10 0.08 0.10 0.12 0.1 0.15

Poge 1
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ADr2=(a+b)/2 ADm={(b+c)/i2 - - -

//v%/ aa

.
4

Figure 7 Definition of "avereged distances" between the two
fractures adjacent to a fracture on the sampling line.

r1 : Location of fractures (Tunnel length (m))
a : Distance between fractures

ADr1 : "Averaged Distances”
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Appendix C-1

All fractures section 1400 to 2500

I

Bin |Frequency]Cumulative %Bin _|Frequency Cumulative % Mean 324
2.5 35 00 20 696 0.2 Standard Error
o1 454 01 15 664 03 Median 2,70
15 664 03| 25 511 04 Mode 220
2 696 04 30 459 05 Standard Deviation 2,04
25 511 0.6, 1.0 454 0.7 Variance 4,14
3 459 0.7] 35 312 0.7 Kurtosis 19.36
3.5 312 0.7 40 275 0.8 Skewness 2,86
4 275 08 45 182 0.8 Range 30,00
45 182 0.8/ 50 177 09 Minimum 0.00
5 177 09{ 55 145 0.9 Maxdimmum 30.00
55 145 09 60 99 0.9 Sum 13859.90
o) 99 09| 6.5 55 0.9 Count 4284.00
6.5 55 09 70 55 10 Largest (1) 30.00
7 55 100 75 43 10 Smallest (1) 0.00
75 43 10{ 05 35 1.0 Confidence Level (95% 0.06
8 27 10| 80 27 1.0
8.5 17 10| 90 18 1.0
Q 18 10f 85 17 10
9.5 14 10 95 14 10
10 5 1.0 120 o] 10
10.5 4 1.,0{ 10.0 5 1.0
11 4 1,0{ 15.0 S 1.0
115 3 10| 10,5 4 1,0
12 6 100110 4 1,0
125 4 101 125 4 1.0
13 2 10 11.5 3 1.0
- 135 2 10 13.0 2 1.0
14 2 10| 135 2 1.0
1145 2 10| 140 2 10 i
15 S 1,0/ 14.5 2 10 !
15.5 0 1.0] 200 2 1.0 ; !
16 1 1.0 29.0 2 1.0 i E
16,5 0 1.0l 16.0 ] 1.0 i i
17 0 1,0/ 180 1 10 I
175 0 1,0 15,8 0 10
18 1 1,0{ 16.5 0 1,0
18,5 0 10l 17.0 0 1.0 .
19 9] 1,0] 17.5 0 1.0 '
19,5 0 1,0] 18,5 0] 1.0
20 2 1.0 19.0 0 1.0 |
20,5 0 10| 19.5 0] 1.0 |

Page 1




_ Appendix C-2

e~~tion Groutnr. Length of Number of Total length Outflow Grout
NPA to groutholes grouted holes of grouted holes (/min) _(m?3)

1693 105 40 1 40 650
1697 1706 106 9 7 63 200 3084
1717 1726 107 9 16 144 5084
20 i 20 976
1721 1742 108 12 17 228 >300 5408
1 40 560

24 2 12 17
1738 1750 109 12 16 192 50 2620
1742 110 40 1 40 585
1290-1300 m 9878
1306-1309 112 6323
1865 1874 113 9 17 153 180 7920
20 1 20 300
1920 1929 114 9 7 63 133 3926
2013 2022 115 9 9 . 81 102 2167
2013 2022 116 9 1 9 167 6170
2013 2022 117 9.11 19 173 >>1000 10877
2018 2027 118 9 14 126 415 3342
2048 119 9 15 135 157 3337
2083 2092 120 9..12 17 165 >>1000 5767
46 >1000 4267
20 >500 1500
2096 2108 121 9..12 6 57 350 8066

20 1 20 300
2100 2112 122 12 7 84 240 4734
2124° 124 9 2 18 >1000 14491
Probehole 184 1 20 >1500 1897
2117 125 4 8 72 1320 9487
2142 126 9..12 6 63 185 3425
2151 127 12.9 ‘ 6 57 105 1827
2192 128 9 13 117 244 1332
2160 129 4465
2227 130 9 13 117 475 1832
2276 132 12..15 10 129 272 4756
2301 133 9 10 0 257 2874
2351 134 9 ~ 1 109 7025

Poge 1
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