
   

87-26 

The Kymmen power station  
TBM tunnel 
Hydrogeological mapping and 
analysis

Kai Palmqvist1 and Roy Stanfors2

1BERGAB 
2Lunds University

December 1987  

TECHNICAL
REPORT

8
7
–2

6 SVENSK KÄRNBRÄNSLEHANTERING AB
SWEDISH NUCLEAR FUEL AND WASTE MANAGEMENT CO

BOX 5864  S-102 48 STOCKHOLM 
TEL 08-665 28 00  TELEX 13108-SKB 



THE KYMMEN POWER STATION 

TBM TUNNEL 

HYDROGEOLOGICAL MAPPING AND ANALYSIS 

Kai Palmqvist, BERGAB-Berggeologiska Undersokningar AB 

Roy Stanfors, Lunds Universitet 

December 1987 

This report concerns a study which was conducted 
for SKB. The conclusions and viewpoints presented 
in the report are those of the author(s) and do not 
necessarily coincide with those of the client. 

Information on KBS technical reports from 
1977-1978 (TR 121), 1979 (TR 79-28), 1980 (TR 80-26), 
1981 (TR 81-17), 1982 (TR 82-28), 1983 (TR 83-77), 
1984 (TR 85-01), 1985 (TR 85-20) and 1986 (TR 86-31) 
is available through SKB. 



ABSTRACT 

The aim of the project is to make a detailed investigation 
of the geological conditions and the different kinds of 
leakages along a tunnel belonging to the Kymmen power 
station in the province of Varmland, Sweden. 

The studies are carried out in a TBM tunnel, which due to 
particularly mild treatment of the bedrock during the 
driving process, affords unique opportunities for detailed 
studies of groundwater leakages. 

The mapping, covers a tunnel length of 4500 m. In the draw
ings of the geological mapping all the continuous fissures 
and fissures with leakage irrespective of their length or 
continuity are shown. A table accompanying each section 
covered by the drawings indicates the character of the 
surface of the fissure (raw, plane, smooth, winding etc), 
the contents of filled fissures and any variations in the 
widths of fissures. 

Zones in which the bedrock is more or less mechanically 
crushed and intersected by close fissures are marked with 
special screen designations in the drawings. One of the 
appended tables gives the extent and the type of crushing. 
Between varying degrees of crushing and types of mechanical 
crushing, 5 types of tectonic zones are distinguished for 
differentiation. 

In the same way, based on the extent and type of altera
tions, 5 types of clay-alterations are distinguished. 

In mapping visible leakage, 5 classes have been disting
uished according to size. 

In addition to mapping the location of leakage from 
channels which end at a point from which droplets can 
escape (point leakage), there are accompanying tables which 
indicate damp and dry sections of tunnel separately. The 
tables also often give detailed information about aqui
ferous fissures. 
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1. GENERAL INFORMATION 

1.1 Introduction 

At the request of SKB, BERGAB-Consulting Geologists 
have carried out a geological mapping of a TBM 
tunnel belonging to the Kymmen power station in the 
province of Varmland, Sweden. The objective of 
the mapping was to document water leakage in the 
tunnel. The bedrock had received particularly mild 
treatment during the driving process, so the tunnel 
afforded a unique opportunity to study the presence 
of water in the fissures and zones of the bedrock. 

This report contains an analysis of the mapping 
results. 

1.2 Geological Mapping Report 

The mapping consists of 15 drawings on a scale 
of 1:200. The mapping covers a tunnel length of 
4500 m. As is shown in the drawing Fig. 1.1 the 
entire mantle surface has been mapped. This drawing 
is an example of how the geological information is 
presented on the original drawings, which have swe
dish text (see Fig. 1.2). The rock types found are 
designated with initials in the drawings. 

For a detailed analysis of the bedrock, drawings in 
which the rock types are marked with screen desig
nations have been made. These drawings show for 
instance, water leakage in boundaries between rock 
types, but are not included in the report since the 
screen designations are too difficult to read after 
reduction of scale. 

In the drawings of the geological mapping all the 
continuous fissures and fissures with leakage, 
irrespective of their length or continuity are 
shown. What are referred to as "cracks" have not 
been mapped. 

The table accompanying each section of drawings 
gives the strike and dip of the schistosity of the 
bedrock. The strike and dip of water-filled fissu
res as well as of joint sets is also given. Special 
fissure diagrams illustrate the fissures of each a 
100 m section of the tunnel. The diagrams indicate 
the tunnel direction and fissures, with special 
indication of fissures along the planes of schisto
sity, aquiferous fissures and clay-filled fissures. 
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CENTRE LINE BOTTOM 

CENTRE LINE EAST SIDE 

CENTRE LINE ROOF 

CENTRE LINE WEST SIDE 

CENTRE LINE BOTTOM 
2/040 2/050 

Leakage ( m J solitary V I (1)=4,0 
w 

Strike and dip of fissures , 
s=N25W/65W 

(V=aquiferous fissures), 
S = schistosi ty 

l Type of crushing, I K3-K4 
Sl = secondarily cemented 

30% 10x20 Thickness of plates, 40% 15x30 
lengths of block edges (cm) 30% 2x 5 

Character of fissure winding winding 
surface cracks srrooth 

- clay 
Fissure filling linonite 

Variation in fissure - 0-1 
width (mml 

Fig 1.1 Example of geological mapping with accompanying table 
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The table accompanying each section covered by the 
drawings indicates the character of the surface of 
the fissure (raw, plane, smooth, winding etc), the 
contents of filled fissures and any variations in 
the widths of fissures. 

Zones in which the bedrock is more or less mechani
cally crushed and intersected by close fissures 
are marked with special screen designations in the 
drawings. One of the appended tables gives the 
extent and the type of crushing. 

Between varying degrees of crushing and types of 
mechanical crushing, 5 types of tectonic zones are 
distinguished for differentiation: 

K1: "slaty cleavage" indicates zones in which the 
bedrock is broken mainly along plane-parallel 
fissures at intervals> 10 cm. 

K2: "thin-slaty cleavage" indicates zones in which 
the bedrock is broken mainly along plane
parallel fissures at intervals< 10 cm. 

K3: "blocky rock" indicates zones in which the bed
rock is broken mainly along intersecting fis
sure groups demarcating blocks with edges of 
20-60 cm. 

K4: "partly crushed rock" indicates zones in which 
the bedrock is broken mainly along intersecting 
fissure groups demarcating blocks with edges 
< 20 cm. 

KS: "completely crushed rock'' indicates zones in 
which the bedrock is entirely fragmented by 
fissures from intersecting directions. 

Secondarily cemented fissures are indicated in the 
table by the supplementary designation Sl. 

The table also lists the percentage of distribution 
of different foliation and block sizes in tectonic 
zones. 

In the mapping, certain sections of the tunnel with 
blocky bedrockmass which do not belong to true 
tectonic zones are distinguished. These sections 
are indicated in the table by codes given within 
parenthesis designating the extent and type of 
crushing. 

"Clay-alteration" indicates alterations in the bed
rock causing the formation of clay-minerals. These 
may be both swelling and non-swelling types. Based 
on the extent and type of alterations, 5 types of 
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clay-alterations are distinguished: 

L1: "clay-filled fissure" indicates 
fissures with a width< 10 cm. 

occasional 

L2: "clay-filled vein" indicates occasional fissu
res with a width> 10 cm. 

L3: "zone with clay-alteration in the majority of 
fissures" indicates tectonic zones in which the 
bedrock itself is not weathered. 

L4: "zone with clay-alteration in the majority of 
fissures" indicates tectonic zones in which the 
bedrock itself is more or less weathered. 

LS: "general clay-alteration" indicates that the 
entire bedrock mass is altered to clay. 

Clay-alteration is marked in the drawings and given 
a code designation in conjunction with the mapping. 

In mapping visible leakage, 5 classes have been 
distinguished according to size: 

V: "minor drip" indicates damp bedrock surfaces 
with occasional water droplets. 

¥: "major drip - slowly running water" indicates 
dense water droplet formations, developing at 
times into running water. 

~: "fast running water - flushing water" indicates 
major ground water leakage, usually caused by 
isolated major open fissures. 

~: "fast flushing water" usually indicates major 
leakage from channel formations. 

M ~: "very fast flushing 
~ ground water inflow, 

mation. 

water" indicates gushing 
usually from a channel for-

In addition to mapping the location of leakage from 
channels which end at a point from which water 
droplets can escape (point leakage), there are 
accompanying tables which indicate damp and dry 
sections of tunnel separately. The tables also 
often give detailed information about aquiferous 
fissures. The number and "size" of leaks are indi
cated by numbers (1) which refer to geological 
mapping report. 

The quantification of point leakage is treated 
under "Analysis of Hydrogeological Conditions". 
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Supplementary to the hydrogeological mapping, a 
large number of leaks have been photographed. Some 
of these photographs have been selected in the pho
to appendix. When these photos are referred to in 
the mapping comments, the letter F and the approp
riate section length are given. 

2. BEDROCK CONDITIONS 

2. 1 Bedrock 

2. 1 . 1 Bedrock in the Kymmen-Rottnen Area of the Province 
of Varmland, Sweden 

Information from a geological survey of this area 
of Varmland, may be found in the Torenbohms survey 
map from 1981 and a map of the district of Varmland 
published in 1983 (SIND-kartan). Modern mapping of 
the district of Varmland has been underway for a 
number of years. Detailed geological information 
may be found in the description of what is known as 
the "Grasmarksformation", (Lundegardh, 1977). 

The predominate type of rock in the tunnel is a 
reddish, often fine-grained granite gneiss which 
has passed trough at least two phases of schisto
sity. A minor feature of the granite gneiss is that 
it contains relatively large amounts of homogenous 
granite - often with phenocrysts. 

Parallel to the schistosity of the granite gneiss 
in a N-NNW direction there are elongated lenses of 
dolerite. The dolerites are often mineralogically 
metamorphed (uralitizated) and are schistose. A 
special feature of the bedrock of this part of 
Varmland is the occurrence of a series of lens
shaped volcanic rock types usually grouped under 
the designation "Grasmarksformationen". All of 
these volcanics are highly metamorphed (metavol
canics) and are often schistose. One variation of 
these is high in quartz and reddish in color 
(quartz prophyr) while the rest have a more basic 
composition and are darker in color (porphyrites). 

These porphyrites and the schistose dolerites men
tioned above, have been grouped under the designa
tion "amphibolite" in accordance with engineering 
geology. 

A characteristic of all the rock types described 
above is that they strike N-NNW and dip 40-50° 
towards west. 
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Bedrock Along the Strech of Tunnel 

As shown in drawing Fig. 2.1 the mapping disting
uishes four rock types. Minor schistose granites 
have been designated as granite gneiss. Where the 
granite is densely peppered with an even distribu
tion of metamorphed mafic intrusive bodies, the 
rock type has been designated as granite gneiss 
with amphibolite plates. Fine-grained partially 
gneissic quartz porphyr has been designated as 
leptite. Where veins of greater thickness of meta
morphed mafic rock types occur they are designated 
as amphibolite. 

The extent and distribution of the major rock types 
mapped are shown in table 2.1.2.1, appendix 2.1. 
The granite gneiss in the drawings and tables below 
is designated as Gg. Granite gneiss with amphiboli
te plates is designated as GgA, while designations 
Land A correspond to leptite and amphibolite. Lep
tite and granite gneiss with amphibolite plates 
each account for approximately 40% of the 4496 m 
mapped stretch of tunnel. Granite gneiss constitu
tes 13% and amphibolite 7%. Amphibolite in this 
case designates continuous sections~ 25 m. 

Tectonics 

General Fissure Composition 

The schistosity of the bedrock strikes mainly NNW. 
Dips at intervals of 40-60°W dominate. There are 
however, great local variations in strike and dip. 

As described above the schistosity of the granite 
gneiss also strikes between NS0°w and N30°E. 
Dip varies between intervals of 45-S0°w. The 
corresponding measurements for leptite are strike 
N55°W-N30°E and dip 25-S0°W. The strike of 
granite gneiss with amphibolite plates varies 
between N6s Ow and N15°E. Dip varies between 30-
so0w. The strike of the amphibolites was measured 
at N10°E and dip soOw. 

Along the mapped stretch of the tunnel 63 crush 
zones were registered. Seven of these are lined. Of 
the non-shotcreted zones 48 show a parallel forma
tion to the strike of the schistosity. The remai
ning 8 zones which are not plane-parallel have been 
formed in leptite (7) and amphibolite ()). 

The majority of mapped fissures have been formed 
along the plane of schistosity. In addition to this 
joint set, there are also fissures which strike 
NNE-erly and have an easterly dip. In addition 
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joint sets which strike NE-erly with a steep dip 
also occur relatively frequently in some places. 
This type of joint set is often formed at right 
angles to the strike of the schistosity planes. 
Steep fissures which strike N-S and E-W occur 
periodically. 

Fissure Composition in Different Rock Types 

In addition to fissures along the planes of 
schistosity, which are the most frequently formed, 
fissure formations also occur which are to some 
extent determined by rock type. 

Steep fissures dominate in the granite 
strike approximately E-W respectively 
Furthermore, steep fissures occur which 
erly. 

gneiss 8nd 
N-S - N10 E. 
strike NNW-

Fissures strike in more directions in leptite than 
in the other rock types. Fissures with an easterly 

0 
slope (50-70 ) occur very frequently, usually 
striking at intervals of N10-ss 0 w. Fissures with 
an eastern slope and which strike NS-so 0 E also 
occur in places. Steep fissures occur striking 
N65-80°E, NNW and NNE. 

The composite picture of fissures in granite gneiss 
with amphibolite plates is dominated by steep 
fissure striking at intervals of WNW- E-W -ENE. In 
addition, there are steep fissures which strike 
N10-30°E as well as easterly sloping fissures 
(70-80°E) striking NNE-erly. 

Fissure Filling 

Mineral Alteration, Deposits, etc 

The most common fissure filling is clay. The clay 
appears as thin clay filled fissures or clay chan
nels, mainly along the planes of schistosity as 
well as in cont~ct with amphibolite. 

Fissure fillings of calcite, chlorite and quartz 
have been noted, but are less widespread. 

Limonite deposits have been observed in fissures 
along the planes of schistosity as well as follow
ing other fissure directions. 

No signs that calcite-cemented fissures are more 
common where there is a thick rock overburden have 
been observed. Neither are limonite deposits more 
common in aquiferous fissures under a thin rock 
overburden. 
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Ground Water Leakage 

Leakage in Different Rock Types 

An investigation of variations in range and inten
sity of visible leakage in different rock types 
indicates that granite gneiss sections are usually 
dry and show only minor isolated leaks (V). More 
extensive leakage occurs only in section 4/320 
4/536. 

Granite gneiss with amphibolite plates shows gene
ral dampness in< 35% of the total length of tun
nel. Minor leakage often occurs sporadically, and 
with greater frequency in association with amphibo
lites and crush zones. More extensive leakage in 
different types of fissures appears as point leaks 
as well as in "drapery" form. 

The leptite section of tunnel shows long stretches 
of general dampness (> 50% of the total length). 
Increased frequency of minor leaks (V) occured in 
places, as well as major leaks along some fissures 
and zones often as point leakage. "Drapery" leakage 
was also mapped. 

The distribution of leakage > ¥ in the different 
rock types is presented in table 2.4.1.1 below. 

2.4.1.1 Leakage ~ ~ divided according to rock type 

Granite gneiss: Total 640 m 

11 ~ on 640 m = 1 , 7 ¥ /100 m 

5 ~ on 640 m = 0, 8 ~ /100 m 

Granite gneiss with Total 1891 m 
amphibolite plates 

67 ¥ on 1891 m = 3,60 /100 m 

35 ~ ~ on 1891 m = 1,8~/100 m 

3 ~ ~ on 1891 
M 

m = 0,2 ~ /100 m 

Leptite Total 1896 m 

16 2 ~ on 1896 m = 8,50/100 m 

95 ~ on 1896 m = 5,0~/100 m 

3 ~ on 1896 m = 0,2~/100 m 

4 ~ on 1896 m = 0,2~/100 m 
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Amphibolite: 
(larger plates) 

11 

Total 69 m 

2 ~ on 6 9 m = 2, 9 ¥ / 100 m 

Leakage in Tectonic Zones 

Mapped leakage in the tectonic zones is compiled in 
table 2.4.2.1, appendix 2.2. The table indicates 
the width and extent of the zones and the type of 
crushing, clay alteration, as well as the different 
plate and block sizes calculated as percentages. 
The direction of the zones in relation to the stri
ke of the schistosity of the rock and the number of 
leaks according to size are also indicated. Where 
possible, the table also shows to which fissure 
directions leakage is related. In addition, the 
table indicates whether the rock surface of these 
particular sections was dry or damp. 

Leakage in Different Types of Fissures 

As indicated above, fissure composition is deter
mined, to some extent, by the type of rock. Table 
2.4.3.1, appendix 2.3 shows ground water leakage in 
different kinds of fissures present in each rock 
type. This table presents leakage found in each 
homogenous section of bedrock, compiled in grada
tions. The designation //s found in the table 
stands for fissures parallel to the schistosity. 
Detailed reference numbers for each section are 
designated (0/000) and photograph reference numbers 
are designated (F 0/000). 

Table 2.4.3.2, appendix 2.4 shows the number of 
leaks > ~/100 m of tunnel distributed according to 
rock type and the direction of fissure. 

Leakage in Relation to Type and Length of Fissure 

Leakage in relation to mapped fissure length has 
been investigated to determine whether certain 
fissure directions might be underrepresented as a 
result of the tunnel's direction. This investiga
tion covers those leakages within and outside the 
tectonic zones, which can be connected with a pre
cise fissure. Table 2.4.4.1 indicates the number of 
leaks ~ ~ per m of mapped fissure in the rock 
types present. 
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Table 2. 4. 4. 1 · Leakage > '}.j Im fissure in different rock types 

Gg 

GgA 

L 

total fissure length 1871 m 

~ 1111871 m = 0,59 . 10-2 ¥Im 

~ 511871 10-2 M m = 0,27 . ~Im 

total fissure length 6101 m 

~ 6716101 m = 1,10 10- 2 ¥Im 

~ 1616101 m = 0,26 . 10-2 ~Im 

~ 316101 m = 0,05 . 10- 2 ~Im 

total fissure length 2031 m 

~ 7712031 m = 3,79 . 10- 2 ¥Im 

~ "tj 6812031 m = 3,35 . 10-2 ~Im 

·~ 212031 m = 0,10 . 10- 2 ~Im 

Table 2.4.4.2, appendix 2.5, was drawn up to pre
sent the strike directions of aquiferous fissures 
in relation to mapped fissure lengths. It also in
dicates which fissure strike directions show most 
leakage~¥, as well as the number of fissures in 
each direction and the total mapped length of 
fissures in each direction. Under "Observations" a 
brief description of the nature of the leaks is 
given. 

Table 2.4.4.2, indicates that the amount of leakage 
>~per meter of fissure length is, on the whole, 
the same in granite gneiss and granite gneiss with 
amphibolite plates. The amount of leakage per meter 
of fissure is, however, clearly greater in leptite. 
In addition, this table indicates that most leakage 
in granite gnei~s is found along fissures which 
strike N60°Wl20 S. In granite gneiss with arnphi
bolite plates most leakage is from fissures striking 
parallel to the schistosity and from steep fissures 
striking N50°E. 
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Most leakage in leptite occurs in fissures striking 
parallel to the schistosity. Many leaks also occur 
from steep fissures striking N50-S0°E. 

Character of fissure surface - Type of Leak 

All registered fissures along the planes of schist
osity are smooth and most of them are plane. Only a 
few of the mapped fissures found along the planes 
of schistosity were observed as winding. Most other 
investigated fissure strike directions are winding 
and smooth. Raw fissures often strike easterly. 

Continuous fissures along the planes of schistosity 
are usually aquiferous. Steep fissures parallel to 
the tunnel often showed profuse leakage. These 
fissures are usually winding - en echelon forma
tion, with both raw and smooth fissure surfaces. 
The largest type of leaks (4 has been found) is 
located at intersecting points of fissures along 
the planes of schistosity and crossing smooth 
fissures in crushed leptite. 

ANALYSIS OF HYDROGEOLOGICAL CONDITIONS 

Aquiferous Qualities 

Aquiferous Qualities of Bedrock 

Chapter 2 indicates that the different rock types, 
to some extent, determine their own fissure pat
tern. As a result the different rock types vary in 
the degree to which they are aquiferous. Since the 
rock types alternate and intersect along the entire 
stretch of tunnel, mapped leakage in the different 
rock types is determined as independent of rock 
overburden. There is a lack of information indica
ting to what extent leakage has led to sinking 
ground water levels. Some sinking is estimated to 
have taken place however, since no grouting has 
been done. This should particularly be true in the 
major tectonic zones. This may have led to somewhat 
reduced visible leakage in some places, but the 
distribution of different sizes of water leaks pre
sented in the drawings and tables here still gives 
a reliable indication of the relative differences 
existing between the different rock types, zones 
and fissures. 

Aquiferous Qualities of Different Rock Types 

Section 2.4.1 indicates an interesting disparity 
between aquiferous fissures in different rock 
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types. The section of granite gneiss was mostly dry 
with only minor isolated leakage. More extensive 
leakage only occurred in section 4/320-4/536 of 
granite gneiss. Nearly all leakage 2 ~ is associated 
with fissures striking N60°W/20 S and at inter
sections of crossing cracks (F 4/385, F 4/396). In 
the only tectonic zone in granite gneiss (4/506-
4/509) there was no leakage. 

The more complexly formed sections containing 
granite gneiss and amphibolite plates show general 
dampness in <35% of the total length. Minor leakage 
(V) appears with greater frequency in conjunction 
with amphibolites and crush zones. Minor leakage is 
more widespread in intermediary sections. More 
extensive leakage occurs in tectonic zones as well 
as in different types of fissures in intermediary 
sections. The larger leaks appear in point leak 
form as well as in "drapery" form. 

On the whole, the leptite section shows a higher 
degree of dampness in the tunnel than the other 
rock types (>50% of the total length). Minor 
leakage (V) occurs with increasing frequency in 
conjunction with certain tectonic zones. More 
extensive leakage is often in point form and occurs 
in solitary fissures as well as in tectonic zones. 
"Drapery" leakage also occurs. 

Amphibolites are more widespread in sections 2/730-
2/778 and 4/050-4/079. The tunnel is generally damp 
in these sections. There is a crush zone in the 
first section. Two point leaks (¥) were mapped in 
the crush zone. 

Table 3.1.2.1, appendix 3.1 shows the occurrence of 
more extensive leakage (> ¥) in different rock 
types. The table clearly indicates that the leptite 
section is more aquiferous than other rock types. 
The column of number of leaks of different dimen
sions calculated per meter of tunnel indicates that 
water leakage in leptite is more than double the 
leakage in granite gneiss with amphibolite plates. 
Water leakage in granite gneiss with amphibolite 
plates is, in turn, more than double the leakage in 
granite gneiss. Comparisions of amphibolite plates 
must be made with great caution since the regulari
ty of their occurence is unreliable. 

The table also indicates that granite gneiss with 
amphibolite plates has more number of leaks outside 
the tectonic zones than inside the zones. The oppo
site applies to leptite. In granite gneiss the 
leakage is located outside the tectonic zone. Since 
this zone comprises such a small percentage of the 
total stretch of granite gneiss, great caution must 
be used in drawing any conclusions from this infor
mation. 



3. 1. 3 

3. 1. 4 

15 

Leakage per meter of tunnel both inside and out
side the tectonic zones is greater in leptite than 
in granite gneiss with amphibolite plates. Granite 
gneiss outside the tectonic zones shows less leak
age than granite gneiss with amphibolite plates. 

Aquiferous Qualities in Tectonic Zones 

As is shown in the section above the tectonic zones 
determine to a major extent the aquiferous quali
ties of the bedrock. The differences in aquiferous 
qualities between different zones is however great. 
This may be due to the type and extent of crushing, 
the presence of fissure filling, the nature of 
fissure, etc, Table 2.4.2.1 shows that the most 
extensive leakage occurs in zones formed in lep
tite. There is particularly increased leakage where 
the zones are wholly or partly slaty or thin-slaty. 
True clay alteration only occurs in contact with 
amphibolite and other rock types. 

The table also indicates that the majority of zones 
are parallel to the schistosity of the bedrock and 
that leakage often occurs in fissures parallel to 
the schistosity. Inside some zones, however, leak
age occurs in conjunction with other fissures 
striking in other directions. 

Leakage inside the zones is clearly predominately 
point leakage located along fissures or at the 
intersection of two fissures. 

Aquiferous Qualities outside Tectonic Zones 

Sections 2.4.3 and 2.4.4 and adherent tables in
clude detailed information on the aquifereous 
qualities of different fissure directions distribu
ted according to rock type, meter of tunnel and 
meter of fissure length. Comparisons of granite 
gneiss and granite gneiss with amphibolite plates 
shows that the number of leaks > ~ per meter of 
fissure length is approximately the same for both. 
The corresponding figure for leptite is more than 
three times greater than this. 

The mapped length of fissure per meter of tunnel is 
2.9 m in granite gneiss while the corresponding 
figure for granite gneiss with amphibolite plates 
is 3,5 m. The corresponding figure for leptite is 
1 • 8 m. 

The reason leakage in leptite is greater than in 
granite gneiss with amphibolite plates, despite the 
lower figure of fissure length per meter of tunnel 
of leptite, is probably the diffuse block structure 
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found in some places formed by fissures and cracks, 
chiefly appearing in leptite. 

3.2 Hydrogeological Summary 

Fig. 2.1 summarizes the hydrogeological conditions 
in an overview profile. The drawing distinctly 
indicates that major tectonic zones occur in the 
leptite sections. The zones are often smaller and 
widely more disseminated in· the other rock types. 
The location of major leaks corresponds, on the 
whole, to tectonic zones or appear in conjunction 
with tectonic zones. Even sections of general damp
ness in the tunnel correspond to a great extent to 
zone sections and/or sections of greater leakage. 

As can be seen in Fig. 2.1 there are large sections 
(300-500 m) along the tunnel which do not have 
leakage > ~ . There are also long stretches of 
tunnel with leakage>~. As mentioned above, this 
is determined by the rock type. No effects of rock 
overburden and the consequent pressure of ground 
water have been observed. 

3.3 Significance of Fissure Filling and Character of 
Fissure surface 

3. 3. 1 

3. 3. 2 

Fissure Filling 

Where it appears, fissure filling is chiefly clay. 
Clay filled fissures appear almost troughout as 
single clay filled fissures. These often occur 
along the planes of schistosity or in contact with 
amphibolites. In some cases a clay filled fissure 
may have the same qualities as clay-filled veins. 

In some places there are also fissure fillings of 
calcite, chlorite and quartz. 

Fissure filling both within the tectonic zones and 
in intermediary sections is of such minor signi
ficance that any effect it might have on aquiferous 
qualities would be insignificant. 

Character of Fissure surface 

Rock-fall is unusual in a full-face bored tunnel, 
which limits potential for detailed studies of the 
character of fissure surfaces. 

Leakage both inside and 
often occurs along fissures 
osity. These fissures are 
mostly plane. 

outside tectonic zones 
parallel to the schist
smooth throughout and 
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Leakage also often occurs along fissures more or 
less parallel to the tunnel. These fissures are 
steep, winding - "en echelon''. Both raw and smooth 
fissure surfaces may occur. 

The greatest leakage occurs at intersections of 
crossing fissures. 

3.4 Leakage Formation 

Table 3.4.1, appendix 3.2 shows the distribution of 
point and drapery leakage. The table indicates that 
there are 169 point leaks>¥ in crush zones. The 
corresponding figure for-drapery leaks is 12. The 
number of point leaks outside the crush zones is 
189. The corresponding figure for drapery leaks is 
17. 

Table 3.4.1 also shows that drapery leaks are twice 
as common in granite gneiss with amphibolite plates 
as in leptite. 

The leakages mapped here indicate that water chiefly 
appears in channels, either at the intersection of 
two fissures or along a fissure plane. 

3.5 Quantification of Leakage 

Where possible the leak size 
the mapping process. The 

mapped leaks are given below: 

V = < 0, 01 1/min 

Y; = 0,01 - 0,2 1/min 

~ '(/ = 0,2 1 , 5 1/min 

\I, 1/min ~ = 1 , 5 6,5 

~ ':(J = > 6,5 1/min 

3.6 Conclusions 

was measured 
specifications 

during 
of the 

-The rock types show the various aquiferous quali
ties to differing extents. Granite gneiss is chief
ly dry. The more complex sections of granite gneiss 
and amphibolite are damp <35%. The corresponding 
figure for leptite is >50%. 

-The frequency of major leakage (>~) in leptite 
found is more than twice that-found in granite 
gneiss with amphibolite plates. The frequency of 



18 

major leakage (>¥) in granite gneiss with amphi
bolite plates -found is, in turn, more than twice 
that found in granite gneiss. 

-This type of water distribution may partly be 
attributable to the fact that leptite is more 
brittle than the other rock types and partly to the 
absence of material filling in the leptite fissu
res. The more extensive leakage in granite gneiss 
with amphibolite plates in comparison with granite 
gneiss may be attributable to unhomogenous quali
ties and fissure formations along the planes of 
schistosity associated with these qualities. 

-Leakage in granite gneiss with amphibolite plates 
> ~ calculated per meter of tunnel is three times 
greater inside zones than outside zones. The 
corresponding figure for leptite is 3-4. This means 
that approximately 25% of leakage along the tunnel 
occurs in rock between the tectonic zones. 

-Water leakage occurs in point leaks (channel 
formations) as well as in leaks along fissures 
(drapery form). The number of point leaks ~1 
located in crush zones is 169. The corresponding 
figure for drapery leaks is 12. Outside the crush 
zones the number of point leaks is 189 and the 
number of drapery leaks is 17. 

-Drapery leakage is found to be twice as common in 
granite gneiss with amphibolite plates as in lep
tite. 

-The number of leaks >~per meter of fissure 
length is approximately the same for granite gneiss 
and granite gneiss with amphibolite plates. The 
corresponding figure for leptite is more than three 
times larger. 

-The distribution of leakage ~ ~ along the 
is such that larger "unbroken" sections with 
nificant water-bearing capacity have been 
ned. 

tunnel 
insig

discer-
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Appendix 2.1 

Table 2.1.2.1 Division of rock types, crush zones, shotcrete and 
block structures outside the crush zones. 

SECTION ROCK TYPE (m) TOTAL CRUSH+SHOTCRETE NON-CRUSH/SHOTCRETE 
OF LENGTH (m) OF (m) OF 
WHICH (m) WHICH WHICH 
AMF SHOT- BLOCK 

CRETE STRUCTURE 

0/040-0/232 GgA - 192 - - 192 -
0/232-0/640 L - 408 230 146 178 43 

0/640-2/233 GgA 107 1593 132 47 1461 -
2/233-2/730 L 65 497 145 - 352 323 

2/730-2/770 A 40 40 17 - 23 23 

2/770-3/ 446 L 24 676 68 14 608 302 

3/446-3/552 GgA 1 106 - - 106 -
3/552-3/915 Gg 14 363 - - 363 -
3/915-3/955 L - 40 2 - 38 31 

3/955-3/970 Gg - 15 - - 15 -
3/970-4/050 L 9 80 5 - 75 59 

4/050-4/079 A 29 29 - - 29 -
4/079-4/117 Gg 1) 8 38 - 2) - 38 -
4/117-4/137 L - 20 - - 20 20 

4/137-4/145 Gg - 8 - - 8 -
4/145-4/320 L 5 175 73 - 102 50 

4/320-4/536 Gg - 216 4 - 212 -

302 4496 676 207 3820 851 

1) with leptite cut 

2) leptite cut = crush 

COMPOSITION 

Gg: 640 m of which amphibolite plates comprise app. 22 m total 

GgA: 1 891 m of which amphibolite plates comprise app. 108 m total 

L: 1 896 morn which arnphibolite plates comprise app. 103 rn total 

A: 6 9 rn 



Appendix 2.2 

TABLE 2.4.2.1 LEAKAGE IN TECTONIC ZONES 

ZONE WIDTH (m) ROCK TYPE TYPE PLATE-BLOCK DIREC- WATER-BEARING 

NO (SECTION) SIZE (cm) TION LEAKAGE 

1. 7 L+amphlens K3-K4 30% 3x5 S+other 14 V evenly dis-
(01275-01282) 40% 5x10 direc- tributed ➔ 2Vlm 

10% 10x20 tions zone 
20% >10x20 damp 

2. 7 - shot- - - 3~ ➔ 0,421flm 
(01294-01301) crete 1 ¥ ➔ 0,14~lm 

'v' 

3. 6 II fissures L K2 Plates <10 N80E 5 /.J ➔ 3, 3 0 Im 
= 1.5 L1 
(01345) 3~➔ 2, 0 ~ Im 

4. 29 L K3-K4 30% 3x5 S+other ~25 V evenly 
(01379-01408) shot- 40% 5x10 direc- distributed 

crete 1 0 % 10x20 tions ➔0,89Vlm 

20% >10x20 2 0/ ls-> 0.07¥lm 
damp 

47 L K3 10% 5x10 S+other 7 V evenly 
(01408-01455) 50% 10x30 direc- distributed 

40% >30x60 tions ➔0,15Vlm 

31~(most 
frequently 
N50E )->0, 66~lm 

6 ~ (N50E 
tlm 

) ➔O, 13 

damp 

25 L K3-K4 30% 3x5 S+other damp 
direc-

(01455-01480) shot- 40% 5x10 tions 
crete 10% 10x20 

20% >10x20 

5. 28 - shot- - - -
(01490-01518) crete 



ZONE WIDTH (m) ROCK TYPE TYPE PLATE-BLOCK DIREC- WATER-BEARING 
NO (SECTION) SIZE (cm) TION LEAKAGE 

6. 1 0 - shot- - - -
0/535-0/545) crete 

7. 1 8 L K4 40% 3x10 S+other leakage conver-
30% 5x20 direc- ging NSOE ( 50 ) 

(0/557-0/575 20% 10x10 tions and 
10% >10x10 N55W/55N ( 3~+ 1~) 

3 spread "f; 
11 ~ per 1 8 m ➔ 

o, 6W/m 

1 ij per 1 8 m ➔ 
0 I 05~/m 
damp 

8. 12 - shot- - - -
(0/575-0/587) crete 

9. 59 - shot- - - -
(0/595-0/654) crete 

1 0. 23 GgA K3-K4 30% 3x5 N20E (5 ~) 
0/654-0/677) 30% 5x15 //s (~ 10) 

30% 15x30 31V evenly 
10% >15x30 distributed 

➔ 1,3V/m 
9 ~ per 23 m -> 
0, 39 Wm 
damp 

11. 0.5 Contact K2 plates 2-10 N40W/40W 3V ➔ 6V/m 
~0/698) GgA/A //s damp 

12. 8 GgA+ K3-K4 30% 3x5 6 V evenly 
0/700-0/708) contact+ 30% 5x15 distributed 

GgA/A 40% 5x15 ➔O, 75V/m 
damp 

13. 8 - shot- - -
(0/708-0/716) crete 

14. 22 GgA K2-K4 plates 2-10 //s=N40W/ leakage //s 
(0/724-0/746) L1 blocks 2-6 sow 1 ¥ ➔0,05~/m 

7 ~ ➔ 0,32~/m 
damp 



I 
ZONE WIDTH (m) ROCK TYPE TYPE PLATE-BLOCK DIREC- WATER-BEARING 
NO (SECTION) SIZE (cm) TION LEAKAGE 

1 5. 15 GgA K2-K4 plates 2-10 //s=N20W/ 1 ~ prob. //s➔ 

(0/990-1/005 L1/ blocks 2-10 60W 0 ~07 ~ /m 
shot- damp W 

crete 

16. 1 0 GgA K2-K4 //s=N20W; 1 ~ ➔ o, 1 icj Im 
( 1/030-1/040 L1/ 60W 

shot- 1 ~ ➔ 0, 1 ~ /rn "{/ 

crete 
1 ~ ➔ 0, 1 ~ /m 

"1 

17. 3 narrow GgA K2-K4 plates 2-10 //s=N1 OW/ leakage between 

zones 3,5 blocks 2-10 60W zones 

(1/207-1/217 damp 

18. 8 GgA K3 30% 15x30 //s=N15W/ leakage //s + 

(1/774-1/782) (part- 70% >15x30 contact amphlens 
ly) 12 V ➔ 1. 5 v/m 

damp 

1 9. 1 Arnph- K3-K4 30% 3x5 / /s=N1 OW; 12 V evenly 

(1/835) lens L1 30% 5x15 sow distributed 
40% 15x30 ➔ 1 2 V /rn 

20. 5 A+con- K3/L1 30% 15x30 S+other 7 V evenly 

(1/990-1/995) tact (part- 70% >15x30 joints distributed 
GgA ly) ➔ 1.4V/rn 

21 . 0-2 contact K3-K4 30% 2x5 //s=N25W/ 6V(//s) ➔ 3. ov/m 

(2/005) A/GgA small 60% 10x30 sow 
cut 10% >10x30 

22 1 contact K3-K4 30% 10x20 //s=N25W; 12V(//s) ➔ 

(2/072) GgA/A L1 40% 15x30 65W 12. 0 V /rn 
30% 2x5 

23 1 Arnph- K4 30% 1x5 //s=NS0W; 6V(//s) ➔6. ov/m 
(2/094) lens L1 30% 2x10 75S 

40% 5x15 1~(//s) ➔ 1.0~/rn 



ZONE WIDTH ( m) ROCK TYPE TYPE PLATE-BLOCK DIREC- WATER-BEARING 
NO (SECTION) SIZE (cm) TION LEAKAGE 

24 4 A+con- K3-K4 20% 3x5 //s=N45W/ 7V(//s) ➔ 1. 75 
(2/143-2/147) tact 40% 5x10 BOW V/m 

GgA/A 30% 20x30 damp 
10% >20x30 

6 GgA+ K1-K4 30% 3x5 //s=N30W/ 12V(//s)-> 2.0 
(2/147-2/153) contact 70% >10x20 65W V/m 

+GgA/A damp 

3 GgA K4 30% 3x5 //s 10V(//s) ➔ 3.33 
(2/153-2/156) 30% 5x10 V/m 

30% 10x20 2 '0 ➔ 0.67¥/m 
1 0% >10x20 damp 

25. 8 L+con- K3-K4 30% 3x5 S+other 32 V evenly 
(2/232-2/240) tact 30% 5x10 direc- distributed 

30% 10x30 tions ➔ 4.0v/m 
10% 10x30 damp 

26. 4 L K2-K4/ plates 2-6 //s=N20W/ 1~(//s) ➔ 
(2/244-2/248) KS blocks 2-4 60W 0.25~/m 

1 ~ (//s) ➔ 
0. 25 ~/m 
damp 

27. 1 1 L K2-K4 plates 2-10 //s 3 ~ ( probably 
(2/253-2/264) blocks 2-8 //s) ➔ 0.27\1/m 

2 ~ ( prob. / / s) > 
0. 18~/m 
damp 

20 L+A K2-K4/ plates 2-6 /Is crack+N70E=1~; 
(2/264-2/284) KS blocks 2-4 ~ o/ 

Clay in //s=1 ~ 
contact 2~➔ 0. 1\1/m 

2~➔ 0.1~/m 

1~➔ 0. osWm 

2~➔ 0. 1~/m 
damp 



ZONE WIDTH ( m) ROCK TYPE TYPE IP LATE-BLOCK DIREC- WATER-BEARING 

NO (SECTION) SIZE (cm) TION LEAKAGE 

28. 9 L K2-K4/ plates 2-6 //s=N10W/ S+crack N40E/70-
(2/300-2/309) KS blocks 2-4 70W SOE= 1 ~ 

~ 

//s leakage 
direction 1 ·~ -> 
0.11~/m 

1~➔ 0.11~/m 

2~ ~ 
dlmp 

o.22wm 

29. 6 L K2-K4/ plates 2-10 //s=N20W/ 2~➔ 0.33~/m 
(2/380-2/386) KS blocks 2-8 S0-60W 1~ ➔ 0. 17~/m 

damp 

30. 2 L K2-K4 plates 2-10 //s=Nl0W/ 1~//➔ 0. 5~/m 
(2/415-2/417) blocks 2-8 SSW damp 

31. 32 L+A K2-K4/ plates 2-5 //s=N10W/ 2V-> 0.061//m 
(2/425-2/457) KS blocks SSW 5~-> 0.16¥/m 

L1 50% 2x3 2~ ➔ 0.06~/m 
(the 50% 4x6 damp 
thin 
amph. 
plate 
crushed) 

32 20 L+con- K4-KS 40% 2x3 //s 1¥ ➔ 0.05¥/m 
(2/465-2/485) tact Clay in 40% 4x6 1~ ➔ 0.05~/m 

L/A contact 20% >4x6 damp 

33 1 0 L+con- K4 40% 4x6 //s=N60W/ 3l:J➔ o. 3ld/m 
(2/530-2/540) tact L/A L1 40% 8x12 70S (//s) 

20% >8x12 fukt 

34 15 L K2-K4 plates 2-8 //s=N60W/ 1~ ➔ 0.07~ /m 
(2/570-2/585) blocks 2-6 70S 4 ~➔ 0.27~/m 

fukt "!./ 



ZONE WIDTH (m) ROCK TYPE TYPE PLATE-BLOCK DIREC- WATER-BEARING 

NO ( SECTION) SIZE (cm) TION LEAKAGE 

35. 8 L K2-K4 plat~s 2-8 //s=N40W/ 21/j➔ 0.25 ~/m 
(2/690-2/698) blocks 2-6 50-60W 20➔ 0.25~/m 

damp 

36. 1 L+A K2-K4 plates 2-10 //s=N40W/ 1~//s = 1~/m 
(2/722) blocks 2-8 50-60W damp 

37. 1 8 A+con- K2-K4 plates 2-10 //s=N40W/ 2 ¥=N20E➔ 
(2/730-2/748) tact A/L L1 blocks 2-8 50-60W 0. 11 "t?/m 

damp 

38. 4 A+con- K2-K4 plates 5-8 //s=N40W/ 3~//s➔ 0.75 
(2/821-2/825) tact A/L Clay in blocks 5-10 50-60W 1 Im 

contact amp 

39. 2 L K2-K4 plates 5-8 //s 3V//s➔ 1. 5 V /m 
(2/837) Clay in blocks 5-10 damp 

contact 

40. 1 L K4 30% 6-8 //s=N40W/ 1V//s➔ 1.0 ~/m 
(2/845) 70% 10-15 SOW 

2~/ /s-> 2. 0 ~/m 
damp 

41 . 1 L K1 plates 10-15 //s=N40W/ 2V//s➔ 2.0 V/m 
(2/851) sow 1~//s➔ 1,0 Vim 

damp 

42. 5 L K1-K2 plates 5-15 //s=N35W/ 1V//s➔ 0.2V/m 

(2/890-2/895) SSW 
3'10/ /s➔ O. 6V/m 

2~/ /s->O. 4~/m 

43. 1 Amph-lens K1 plates 1 5 //s=N35W/ 1 V//s->1.0V/m 
(2/901) in L Clay ir SSW 

contact 



ZONE WIDTH (m) ROCK TYPE TYPE IPLATE-BLOCK DIREC- WATER-BEARING 
NO ( SECTION) SIZE (cm) TION LEAKAGE 

44. 2 L K1 30% 6x8 //s 3V//s➔ 1.5~/m 
(2/945-2/947) 60% 20x30 1 ~//s➔ 0. Sij/m 

10% >20x30 

45. 1 L K3-K4 30% 6x8 //s=N40- 1 V//s➔ 1.0 V /m 
(2/962) 60% 20x30 SOW/ 

10% >20x30 50-60W 

46. 1 L K3 30% 6x8 //s -
(2/966) 60% 20x30 

10% >20x30 

47. 0-1, 5 L K3-K4 30% 2x5 //s 2V//s->1.3V/m 
(3/010) (on one 30% 10x20 

side) 40% 15x30 

4 8. 2 L K2-K4 plates 5-8 //s 1V//s->0.5V/m 
(3/022-3/024) L1 blocks 5-1( 1¥ //s➔ 0. 5~7/m 

49. 7 L K2-K4 plates 2-8 //s=N45W/ 3V//s➔0,43V/m 
(3/075-3/082) thin Clay ir: blocks 5-lC 40-S0W 

amph contact 3°0/ /s➔ 0. 43¥/m 
lens damp 

50. 4 L K4-K45 30% 2x3 //s 1 ¥1 /s➔ 0. 25~/m 
(3/153-3/157) thin Clay ir: 60% 6x8 

amph contact 10% >6x8 
lens 

51 • 0-2 L K2 SL plates 5-1~ //s=N25W/ sv 
(3/290-3/292) L1 sow 

52. 14 - shot- 1 V 
(3/345-3/359) crete 

53. 0-3 L K4 30% 1 x5 //s= 1 V / / s -> 0 . 3 3 V / m 
(3/359-3/362) (on one 30% 2x10 N45W/ damp 

side) 40% 5x15 45W 



ZONE WIDTH ( m) ROCK TYPE TYPE PLATE-BLOCK DIREC- W.Z,TER-BEARING 

NO (SEC1ION) SIZE (cm) TION LEAKAGE 

54. 1 8 L K3-K4 30% 3x5 //s ~45Vspread➔ 

(3/362-3/380) 30% 5x20 2. 8 V /m 
30% 20x30 Hj=N25E➔ O. 05Wm 
10% >20x30 

1 ·~ =N25W/50E➔ 
0. 05~/m 

1 ~ =N25W/50E➔ 
o.o5ij/m 
damp 

55. 1-4 L K3-K4 30% 3x5 //s 5 V //s-> 1 . 5 V /m 

(3/393-3/394) L1-L2 30% 5x20 6 V; //s-> 2. 0 ~ /m 
30% 20x30 damp 
10% >20x30 

56. 18/2 L K3 30% 3x10 diffe- isolated 

(3/430-3/445) (on one 30% 10x20 rent 
side) 30% 20x30 direc-

10% >20x30 tions 

57. 2 L K4-K5 50% 2x3 //s=NlOW/ damp 

(3/948-3/950) L1 50% 6x8 60-70W 

58. 4 L K4-K5 - diffe- 1~=N10-30E➔ 

(3/978-3/982) K1 rent 0.250/m 
direc- damp 
tions 

59. 0-3 L i Gg K4-K5 20% Ox2 V=crack 2 ~ in crack 
(4/090) + A Cut 40% 3x5 

40% 5x15 

60 1 8 L K4 30% 3x5 11/s=NSOW/ N50W/70S 

(4/188-4/206) L1 40% 5x10 70S //s 
20% 10x20 N30E/70W 
10% >10x20 ~40V➔ 2. 2 V/m 

7~➔ 0.39 tlm 

5~➔ 0.28 ~/m 
damp 

5 L K1 plates 20 //s=NSOW/ 7V//s➔ 1.4V/m 

( 4/206-4/211) L1 70S 



ZONE WIDTH (m) ROCK TYPE TYPE PLATE-BLOCK DIREC- WATER-BEARING 

NO ( SECTION) SIZE (cm) TION LEAKAGE 

61. 11 /2 L K4 50% 3x5 //s=NSW/ N30E/65E 

(4/219-4/229) on one 50% 5x10 60W //s 
side 18 V 

1¥ 

62. 12 L+A K4 30% 3x5 //s=NSW/ N80E/70S 

(4/241-4/253) part- 40% 5x10 sow //s 
ly K4 30% 10x20 ~21V ➔ 1.75V/m 

W ➔ o.os ~/m 

1 9 L+A K4 10% 2x5 //s=N10W/ N45E 

( 4/253-4/272) 20% 3x10 50-70W //s 
30% 5x10 ~24V➔ 1.26 V/m 
40% 10x20 1~ ➔ 0.05 ¥/m 

8 L Kl 20% 10x10 //s=N25W/ 3V(//s ?) 

(4/272-4/280) 80% plates>20 60W ➔ 0.38 V/m 

6 L K4 10% 2x5 //s=N-S/ 4 V(//s ?) 

(4/280-4/286) 20% 3x10 SSW ➔0.67 V/m 
30% 5x10 
40% 10x20 

63. 4 Gg K2 - //s=NS0W/ -
( 4/506-·4/509) SL 60S 



Appendix 2.3 

Table 2.4.3.1 Ground Water Leakage in different types of 
fissures 

SECTION ROCK 
TYPE 

0/040-0/232 GgA 

0/232-0/640 L 

0/640-2/233 GgA 

AQUIFEROUS QUALITIES - FISSURE DIRECTIONS 

isolated V 

V: I Is 
N65E 
N80 
NS0E 

~: I Is 
N65E 
N80E 
NS0E 
N55W/55N 
NS0E/S0S 

~: I Is 
N65E 
N80E 
N30E/50S 
NS0E 
NSSW/ 55N 

TOTAL: 
6 6 ~ per 4 0 8 m = 16, 2 /10 0 m 

12 ~per 408 m = 2,9 /100 m 

Dampness outside the crush zone: 
81,Sm ➔ 20% 
of which inside "block structures": 21,5 m 
Dampness in crush/shotcr.: 139,5 m -> 34,2% 

V: isolated spread V 
very frequent often in association with 
amphibolites (there are exceptions) and 
crush zones. 
N75W=2.0 m 
Several V along NlSE and N25E/70E form 
long stretch of leaks 
N65E 
leakage along the entire fissure following 
the strike of schistosity 



SECTION 

2/233-3/446 

ROCK 
TYPE 

L 
+40,0 m 
continous 
amphi
bolite 

AQUIFEROUS QUALITIES - FISSURE DIRECTIONS 

¥ : /Is (e.g. 3,0 m) 
N50E 
N20E 
N30E/70W 0,3 - 1 m 
N75W = 2 m 
N55E 
Nl0E/70E 
E-W 
N 60-70°E = 4, 5 m 

~. //s 
~ . 

N50E 
crack = 1 m 
N-S/65E 0,3 - 1 m 
N55E 
Nl0E/70E 
E-W 
N60-70E = 4 m 

¾ . /Is ';I, • 
'r/ 

TOTAL: 
67 ~ per 1593 m = 4,2 /100 m 

35 ~ per 
~ 

1593 m = 2,2 /100 m 

3~ per 1593 m = 0,2 /100 m 

Dampness outside crush zone: 454,5 m -> 
of which in "block structures": 
Dampness in crush zone: 115 m -> 

V: isolated spread V 
very frequent in some zones 
Several long leaks //s+ 
N40E 

¥= //s 
N50E 
N5E/70-80E 
N55W/30N 
Nl0-25E several long leaks 
N25E = 1,0 m 
N75W/60S 

~: //s (e.g. 2,0 m) 
N5E/.70-80E 
N25W crack 
NS0E 
Horizontal joint 
N20E 

-
7,2% 

28% 



SECTION ROCK 
TYPE 

3/446-3/552 GgA 

3/552-3/915 Gg 

3/915-3/955 L 

AQUIFEROUS QUALITIES - FISSURE DIRECTIONS 

//s 
intersection of fissure following 
strike direction and N50E 
N25W/50E 2 major point leaks 1-2 1/min 
in the same fissure 

~: //s 
"I crack + N70E 

crack+ N40E/70-80E 

TOTAL: 
8 5 ~ per 1213 m = 7, 0 / 10 0 m 

6 8 ~ per 1213 m = 5 , 6 /10 0 m 

3 ijper 1213 m = 0,2 /100 m 

4~per 1213 m = 0,3 /100 m 
~ 

Dampness outside crush zone: 403,5 m -> 33,3% 
of which in "block structure": 317,5 m 
Dampness in crush zone/shotcr: 214 m ➔ 16,8% 

V: //s, several along an arnphibolite body; 
isolated spread V along the stretch 

Dry with few isolated V following the strike 
of schistosity 

Major fissures following the strike of 
schistosity + amph -> several V and dampness 

Dampness outside crush zone: 38,5 m ➔ 10,6% 

V: / / S 
Dampness outside crush zone: 38,5 m ➔ 96,3% 
of which in "block structure": 25,0 rn 
Dampness in crush zone/shotcr: 1,5 m ➔ 3,7% 



SECTION ROCK 
TYPE 

3 I 9 5 5- 3 / 9 7 o Gg 

3/970-4/050 L 

4/050-4/079 A 

4 I 0 7 9 - 4 /11 7 Gg 
with 
leptite 
cut 

4/117-4/137 L 

AQUIFEROUS QUALITIES - FISSURE DIRECTIONS 

Dry 

V: only few V, //sand N50E, Nl0-30E 

¥: //s 

~: //s (e.g. 0,5 m) 
N20E 

TOTAL: 
2 ~ per 80 m ➔ 2,5 /100 rn 

'M 5 ~ per 80 m ➔ 6,3 /100 m 

Dampness outside crush zone: 63,5 m -> 79,4% 
of which in "block structure": 49,0 m 
Dampness in crush zone/shotcr: 5,0 m ➔ 6,3% 

Dampness outside crush zone: 9,5 m -> 32,7% 

2 ~ : crack in lepti te cut 
Isolated V, often following the strike of 
schistosity 

V: / / s 

~: / /s 

TOTAL: 
1 ~ per 20 m -> 5 /100 m 

Dampness outside crush zone: 20,0 m ➔ 100% 
of-which in "block structure": 20 m 

4/137-4/145 Gg Dry 



SECTION ROCK 
TYPE 

4/145-4/320 L 

4/320-4/536 Gg 

AQUIFEROUS QUALITIES -FISSURE DIRECTIONS 

V: I Is 
Nl0E/60E 
N80E/70S 
N45E = 5, 0 m 

~: //s (e.g. 4,0 m) 
. N30E/65E = 0,5m 

NB0E/70S 
N45E 
Nl0W/35-60W 

ij: //s (e.g. 2x0,5 m) 
N30E/70W = 0,5 m 

TOTAL: 
11~ per 175 m = 6,3 /100 m 

7 ¥ per 175 m = 4, 0 / 10 0 m 

Dampness outside crush zone: 44,0 m ➔ 25,1% 
of which in "block structure": 44,0 m 
Dampness in crush zone/shotcr 23,0 m ➔ 13,1% 

V: //s, N50E, N85E/75N, N50W 

'.:!;: I Is 
intersection S + N50E 
N60W/20S 0,2, 4,0 and 
0,6 m 
N15W/25W = Ll 

~: N60W/20S 
0,2, 4,0 and 6,0 m 
E-W 

TOTAL: 
11 ~ per 216 m ➔ 5, 1 /10 0 m 

5 ij per 216 m ➔ 2, 3 /10 0 m 



Appendix 2.4 

Table 2.4.3.2 Leakage~ ~/100 m of tunnel of fissure directions 
of different rock types 

Gg Nl5W/25W 0,15 1t1 /100 m 

//s+N50E 0,15 ¥ /100 m 

N60W/20S 0 t 11 ¥ /100 m 

0 t 0 6 ~ f/ /100 m 

N25E/65E 0,15 'i:j /100 m 

E-W 0 t 15 ~ /100 m 

0,15 ~ /100 m 

GgA //s 1,48 ~ /100 m 

0,69 ~ '(/ /100 m 

0,16 ~ /100 m 

N50E 0,95 ~ /100 m 

0,32 ~ /100 m 

crush 0,32 ~ /100 m 

0,26 ~ f./ 
/100 m 

crack 0,05 t /100 m 

N30E/70W 0,26 llf /100 m 

0,32 ~ /100 m 

E-W 0,21 ¥ /100 m 

0,05 ~ /100 m 

Nl0E/70E 0,21 V;/100 m 

0,05 ~ /100 m 

N60-70E 0,16 ¥ /100 m 

0,05 ~ /100 m 

A N20E in crush 2,90 ~/100 m 



L //s 1,85 lf /100 m 

1,90 ¥ /100 m 

0, 11 ijnoo m 

0,21 ~ ~ /100 m 
ZI 

N65E 0,74 ~ /100 m 

0,05 ~/100 m 

crush 4,60 ~ /100 m 
(usually //s) 2,00 ~ /100 m 

NB0E (=K2) 0,26 ~ /100 m 

0,16 ~/100 m 

N55W/30-55N 0,26 ¥ /100 m 

0,05 ~ /100 m 

Horizontal 0,05 ij/100 m 

N20-25E 0,05 ~/100 m 

0,21 ijnoo m 

N50E crack 0,05 ¥ /100 m 

N25W crack 0,05 ~ /100 m 

crack 0,42 ~/100 m 

0,32 ~/100 m 

N25W/50E 0,05 ~ /100 m 

0,05 ~ /100 m 

N75W/60S 0,05 ~ /100 m 

Nl0E/60E 0,05 ~ /100 m 

N30E/70W 0,16 ~ /100 m 
in crush 0, 11 ~/100 m 

N30E/65E 0,05 ¥ /100 m 
in crush 

N45E in crush 0,05 ¥ /100 m 



Table 2.4.4.2 

ROCK I MAPPED FISSURE NUMBER OF TOTAL LEAKAGE 
~ Im 

OBSERVATIONS 
TYPE STRETCH DIRECTION FISSURES FISSURE V, 

(m) LENGTH 
~ 

v!/J1m ~ 
(m) ~ ~ ~ Im 

~ 'v 

Gg 640 lls 81 1333 2 0,2-10-2 Generally dry - minor 
leakage 

Nl0-20E 10 160 

N60Wl20S 200 7 4 3,5•10-2 2,0·lo-2 Drapery 0,2 - 4 m 
E-W crack 4 1 1 25,0·10- 2 25,0·lo-2 

N50E 30 1 3,3•10-2 

N70-80E 9 144 Minor leakage 
1871 11 5 0,6•10- 2 o,3•10-2 

GgA 1891 lls 304 5430 I 30 14 I 3 I 0,6·10-2 0,3•1o-2 0,1·10-2 Mostly point leaks, but 
also a single drapery 
leak= 3 m 

N50E 18 120 18 6 15,0·l0-2 5,0•lo-2 Point leak 
E-W 15 360 4 1 l,1·10- 2 o,3•10-2 Point leak 
N30El70E 45 5 6 ll,1·10- 2 13,3•10-2 Several 0,3 - 1 m long 

leaks 
N60-70E 35 3 1 8,6·10- 2 2,6•10- 2 Point leak+ 4 m long 

drapery leak 
Nl5-25E 40 Dense droplets 
Nl0El70E 1 16 4 1 25,0·lo-2 6,3•10-2 Point leak 
N75-85W 3 54 3 5, •10-2 Drapery leak 0,2 - 2 m 
crack 1 1 1100.0-10-2 Drapery leak 1 m 

6101 67 30. 3 1,1·10- 2 0,5·1o-2 <0,1·10-2 

Vl 



ROCK MAPPED FISSURE NUMBER OF TOTAL LEAKAGE OBSERVATIONS TYPE STRETCH DIRECTION FISSURES FISSURE ~ /m Y. ~ (m) LENGTH ~Im ~ 

(m) 
~ ~ !b, "im 

'tj ~ 

L 1896 //s ll5 1590 45 52 1 2,8•lo-2 3,3•10-2 0,1-10-2 Several minor leaks, 
mostly point - but also 
drapery 

N50E 51 5 6 9,8•lo-2 ll,8·10-2 Several minor leaks, 
point and drapery= 4 m 

Nl0-20E 143 1 4 0,7·10-2 2,8·lo-2 Several minor leaks, 
point and drapery 

N25E 1 15 1 6,7•10-2 Seval minor leaks 
N65E 50 9 1 18,0·10-2 2,0-10-2 Point leaks 
N80E 6 130 5 3 3,8•10-2 2,3•10-2 

N25W/50E 1 18 1 1 5,6·10-2 5,6•10- 2 

N55W/55N 1 7 9 128,6·10- 2 Drapery 

N55W/30N crack 1 m long drapery with V 
N25W crack 7 1 14,3•lo-2 

different crack 1 Several minor leaks 
directions 

Nl0W/35- 1 20 1 5,0•lo-2 
60W 

2031 77 68 2 3,8•10- 2 3,3•10- 2 0,1·10- 2 

A 69 Nl0E 2 32 Minor leaks 



Table 3.1.2.l 

ROCK TOTAL LEAKAGE LEAKAGE TOTAL OF WHICH 
TYPE LEAKAGE IN ZONES OUTSIDE STRETCH AMPHI-

ZONES (m) BOLITE 
(m) 

Gg 11 ~ 11 l-J 640 22 

5 ij 5 ij 

GgA 67 ~ 13~ 54 tl 1891 108 

35 ~ 'I;'/ 9~ 26 ij 
3 ij 2~ 1 ~ 

L 16 2 \f 103 ~ 59 V 1896 103 

95 M 'I;'/ 46 ~ 49 M 'f/ 

3 ~ 2 ij 1 ~ 
4 ~ 4ij 

~ t'/ "ff 

A 2 ¥ 2 '+! 69 

LENGTH LENGTH TOTAL 
CRUSH OUTSIDE LEAKAGE 
SHOT- CRUSH -10-2 
CRETE (m) 
(m) 

4 636 1,73 ¥; Im 
0,79 ~Im 

132 1759 3,54 ¥Im 
1,85 ijlm 
0,16 ~Im 

519 1377 8,54 'vft Im 
5,01 ~Im 
0,16 ij Im 
0,21 ~Im 

'rJ 

17 52 2,90 ~Im 

IN ZONES 
•10-2 

9,85 ~ Im 
6,82 ij Im 
1,52 ij Im 

19,85 '+$ Im 
8,86 ij Im 

0,39 .~ Im 
0,77 ~Im 

~ 

11, 76 ~Im 

OUTSIDE ZONES 
-10- 2 

1, 73 ~Im 
0,79 ij Im 

3,07 ~ Im 
1,48 ij Im 

0,06 ~ Im 

4,28 \f Im 
3,56 ~Z/m "(/ 

0,07 ~Im r; 

w 

I-' 



Appendix 3.2 

Table 3.4.1 Distribution of point- and drapery leaks 

A. Point leaks (number): 

~ 106 in crush zones 

118 outside crush zones 

~ 55 in crush zones 

69 outside crush zones 

~ 
~ 

4 in crush zones 

2 outside crush zones 

~ 4 in crush zones 
"(/ 

B. Drapery leaks: 

TYPE NUMBER LENGTH (m) ROCK TYPE AQUIFEROUS FISSURE 
DIRECTIONS 

~ in 5 2,0 L N55W/55N 

crush 2 1,5 GgA s=N30W/65W 

zones 1 0,5 GgA N30E(l0W 

2 0,5 GgA s=N50W/70S 

1 4,0 GgA s=N50W/70S 

1 0,5 GgA N30E/65E 

t1 1 0,5 GgA N50E 

outside 1 0,2 GgA N85W 

crush 1 3,0 A/GgA s=Nl5W/80W 

zones 1 1,0 L N55W/30N 

2 4,0 Gg N60W/20S 

M 'II 1 1,0 GgA NS0E 
outside 

3 1,0 GgA N-S/65E 
crush 2 2,0 L s=N45W/45W 
zones 

1 4,0 L s=NS0W/50S 

1 0,5 L N10W/65W 

2 6,0 Gg N60W/20S 

1 0,2 Gg N60W/20S 



TYPE NUMBER LENGTH (m) ROCK TYPE AQUIFEROUS FISSURE 
DIRECTIONS 

V 
*) in 1,0 

crush 5,0 

zone 

V 
*) 0,3-1,0 GgA Intersecting directions 

outside 2,0 GgA N75W 

crush 0, 2 GgA crack 

zone 1,0 GgA NlSE 

1-12 GgA N25E/70E 

4,0 GgA N65E 

along entire GgA s=N30W-15E/70W 
fissure 

,-../ 16 

2,0 L/A s=N40W/45W 

3,0 L/A s=N40W/45W 

6,0 Amphlens s=N40W/ 45W 

4,0 L N40E 

1,0 L Nl0-25E 

*) The number of V containing drapery leaks 
has not been counted 



A 

Open c ut Gra nan . Th i n slaty fracture zone= 
K2 in l epti te . 

First part of the TBM- tunnel, facing the 
conventional drill and blast-tunnel. Good 
rock quality with only minor dampness in 
qranite aneiss. 4/530 

Open cut Granan. Winding fissures , 
irregular intensity of crushing in 
leptite . 

~ ~ 

~ 

' ~ 
Minor point leakages in the contacts 
between amphibolite , granite gneiss (left) 
and leptite (right) . 0/870 



Dry granite gneiss with amphibolite 
plates. 1/875 

Several diffuse leakages with extensive 
limonite deposites in crush zone in 
leptite. 4/226 

Crush zone with diffuse leakages from the 
roof and limonite deposition in leptite . 
0/435 

Point leakages ( ~ ) from the schistosi ty 
intersected by cracks in granite gneiss. 
4/373 



Several point leakages from a fissure 
en echelon , in the contact leptite -
amfibolite. 4/258 

Extensive point leakages ( v-i ) from steep 
fissure parallell to the tunnel in 
leptite. 0/316 

One meter long drapery leakage ( ij) from 
a crack in granite gneiss . 1/090 

Strong point leakage ( ~ ) from fissure 
parallell to the schistosity in thin 
arnphibolite plate in granite qneiss. 



~i 

Point leakage ( v) from thin amphibolite 
plate parallell to the schistosity. The 
amphibolite is partly altered to clay and 
surrounded by granite gneiss. 0/785 

Point leakage ( ij) from a contact leptite/ 
amphibolite in a crush zone. 4/248 

Drapery leakage ( ~ ) 0, 5 m long from 
fissure not parallell to the schistosity 
in crushed leptite. 4/228 

Several point leakages (v- ~ ) from steep 
cracks parallell to the tunnel in leptite. 
4/030 



)/, 

Strong point leakage ( t) from crack in 
crush zone in leptite . 2/272 

Point leakage ( ~ ) from crushed amphi
bolite plate parallell to the schistosity. 
The amphibolite is surrounded by leptite. 
""\/n"tn 

Point leakage ( i ) from fissure perpendi
cular to the schistosity in leptite . 
2/665 

Strong point leakage (2 1/min) from 
fissure in thin amphibolite not parallell 
to the schistosity, developed in the 
~,,._._,....., ,1""'\rl _;'l""<rr 1,...T"'\4-..;..J.... ......., ")/')Of\ 



~ 

Several point leakages (v-~ ) 
in the contact to a small 
crush zone parallell to the 
schistosity in granite gneiss 
with amphibolite plates.1/778 

Detail of 5 m long drapery 
leakage (v-¥) from steep 
fissure parallell to the 
tunnel, and in the contact 
to a crush zone. 4/260 

Several point leakages ( v-~ ) 
in an irregular crush zone 
in granite gneiss in connec
tion to amphibolite. 4/090 

One of several point leakages 
( ~ ) from a fissure parallell 
to the schistosity in the 
contact to a slaty cleavage 
zone in leptite. 2/948 



Several point leakages (v-¥) 
in the contact to a small 
crush zone parallell to the 
schistosity in granite gneiss 
with amphibolite plates.1/778 

Detail of 5 m long drapery 
leakage (v-0) from steep 
fissure parallell to the 
tunnel, and in the contact 
to a crush zone. 4/260 

Several point leakages ( v-¥ ) 
in an irregular crush zone 
in granite gneiss in connec
tion to amphibolite. 4/090 

One of several point leakages 
( ~ ) from a fissure parallell 
to the schistosity in the 
contact to a slaty cleavage 
zone in leptite. 2/948 



Several point leakages (v-¥) 
in the contact to a small 
crush zone parallell to the 
schistosity in granite gneiss 
with amphibolite plates.1/778 

Detail of 5 m long drapery 
leakage (v-~) from steep 
fissure parallell to the 
tunnel, and in the contact 
to a crush zone. 4/260 

Several point leakages ( v-¥ ) 
in an irregular crush zone 
in granite gneiss in connec
tion to amphibolite. 4/090 

One of several point leakages 
( ~ ) from a fissure parallell 
to the schistosity in the 
contact to a slaty cleavage 
zone in leptite. 2/948 
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