TECHNICAL
RepORT LA

Channel widths

Kai Palmqvist, Marianne Lindstrém

BERGAB-Berggeologiska Undersékningar AB

February 1991

SVENSK KARNBRANSLEHANTERING AB
SWEDISH NUCLEAR FUEL AND WASTE MANAGEMENT CO

BOX 5864 S-102 48 STOCKHOLM

TEL 08-665 28 00 TELEX 13108 SKB S
TELEFAX 08-661 57 19



CHANNEL WIDTHS

Kai Palmgvist, Marianne Lindstrdm
BERGAB-Berggeologiska Undersdkningar AB

February 1991

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 SKB 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), 1986 (TR 86-31),
1987 (TR 87-33), 1988 (TR 88-32) and 1989 (TR 89-40)
is available through SKB.



CHANNEL WIDTHS

Kai Palmgvist

Marianne Lindstrom

BERGAB-Berggeologiska Undersokningar AB

Pebruary 1991



ii

ABSTRACT

At the request of SKB, BERGAB-Berggeologiska Under-
sdkningar AB have carried out a study of documented
water leakage in two TBM tunnels.

The hydrogeological mapping of the tunnels include
a classification of leakage according to flowrate
and width. This report is based upon the hydro-
geological mapping and gives a further analysis of
the documented data. The objective is to study the
distribution of flowrates and leak widths 1in
channels. Further the object has been to examine if
the flowrates are dependent of the widths.
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MMARY

The objective of this report is to study documented
water leakage in tunnels in order to examine the
distribution of flowrates and widths in ground water
channels. The issue is suggested by I. Neretnieks.

The report is based upon previous investigations of
water leakage in two TBM tunnels, the Kymmen tunnel
(1) and the Saltsj® tunnel (2). In these tunnels a
hydrogeological mapping has been carried out. The
mapped leaks are visually estimgted and classified
into five classes designated v - § . The classifica-
tion system represent the flowrate of the leaks.
Each of the five classes has, by experiences from
measurements in several tunnels, been "translated"
to quantities (3).

v oo = < 0.04 1/min

<<
]
o)

.04 - 0.3 1/min
= 0.3 - 1.5 1/min

.5 - 6.5 l/min

R, L <
1
—

= > 6.5 1/min

All information about leakage from the Kymmen - and
Saltsj® tunnels are put together and analysed.
According to the definition a leak is regarded as a
drapery leak if the width is > 0.1 m. Leaks < 0.1 m
are classified as point leaks.

When mapping the flowrate of some of the extended
drapery leaks several symbols for water leakage
class (v-g ) were noted on the drawings. In order to
compare and make statistics of the different leaks
it is necessary to estimate the total amount of
water coming from such a leak. Hence the symbols are
quantified separately according to the amounts
above. The average of each class have been used to
calculate the amount of water for the present class.

In the Kymmen tunnel the geological and hydrogeo-
logical investigations include 4 496 m. No grouting
has been carried out in this tunnel. A total of
1 575 leaks have been noted in the Kymmen tunnel.



In the Saltsj® tunnel the geological and hydrogeo-
logical investigations include 720 m. Grouting has
been carried out within this section which surely
has reduced both number of leaks and the flowrates
of the leakage.

Within aquiferous sections with considerable inflow
the general water leakage has been noted. These
sections have not been analysed since there is a
lack of information about separate leaks. A total of
336 leaks have been noted in the Saltsjdé tunnel.

In both tunnels the majority of leaks have a width
< 0.1 m (so called point 1leaks). In the Kymmen
tunnel these leaks make up 98.1% and in the Saltsjo
tunnel 97.9%.

As the leaks < 0.1 m are so predominant it should be
observed that an analysis of the remaining leaks is
based upon few observations. It is therefore diffi-
cult to draw any general conclusions from these

analyses.

The frequency distribution of flowrate in the Kymmen
tunnel shows that most of the drapery leaks are
classified as ¥

In the Saltsj® tunnel most drapery leaks are of the
order Vv . As mentioned above grouting surely has
reduced both number of leaks and the flowrates.

Statistics of the frequency distribution of widths
consequently show a strong dominance for the width
0 - 0.1 m in both tunnels. The remaining leaks are
rather evenly distributed among the different
widths. There is however some tendency of
concentration for the widths 0.5 and 1.0 m.

The analysis of the data from the Kymmen- and
Saltsj® tunnels has not shown that the flowrates are
dependent of the widths.
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GENERATL INFORMATION

INTRODUCTION

At the request of SKB, BERGAB Berggeologiska
Undersdkningar AB have carried out a study of
documented water leakage. The documentation has been
carried out simultaneously with the geological
mapping in two TBM tunnels. One of the tunnels
belongs to the Kymmen power station in the province
of Varmland (1). This tunnel has a total length of
4 500 m. The other tunnel is the Saltsjoé tunnel in
Stockholm with a total length of 7 500 m. In this
tunnel the detailed hydrogeological mapping has been
carried out along 720 m (2).

The objective of studying documented water leakage
is to try to find an answer to some questions
suggested by I. Neretnieks. The questions are con-
centrated on following parameters:

- the flowrate distribution in channels

- the width distribution in channels

- the relationship between widths and flowrates
TERMINOLOGY
The terminology used by I. Neretnieks is shown in

the figure below

Width W

Water flowrate Q

The term "width" has been used in the reports from
the Kymmen and Saltsjod tunnels. In these reports the
term "fracture width" is used when talking about the
aperture of the fractures. To avoid misunderstanding
the terminology according to the figure above 1is
used in this report, even when referring to the
investigations in the Kymmen and Saltsjo tunnels.
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INVESTIGATION IN THE KYMMEN AND SALTSJO TUNNELS

BEDROCK CONDITIONS

The rock cover above the Kymmen tunnel varies
between 50-200 m. The bedrock consists of four
different rock types. Approximately 40 % of the
mapped stretch consists of leptite, 40% of granite
gneiss with amphibolite plates, 13% of granite
gneiss and finally amphibolite constitutes 7% of the
mapped stretch. Amphibolite in this case designates
continuous sections > 25 m.

The rock cover of the Saltsjo tunnel is about 50 -
60 m. The bedrock consists mainly of grey and red
granite with several inclusions of grey gneiss.
Amphibolite lenses and pegmatite veins are also
present.

GEOLOGICAL AND HYDROGEOLOGICAL CONDITIONS

The bedrock conditions in the Kymmen and Saltsjo
tunnels have been classified according to a rock
quality system based on two main categories -
mechanically crushed zones and bedrock conditions
outside these crush zones. Each mapped fracture has
been examined with regard to potential water-bering
capacity, strike and dip, character of the surface,
width and possible fracture filling. The degree of
clay-alteration has also been noted.

Ground water leakage occurs as point leaks and
drapery leaks. In the first case, the water follows
a channel ending in a simple point. Drapery leakage
has been defined as a single leak along a fracture.
The width of the leak is 0.1 m or more. Sometimes
difficulties arise to distinguish many closely
distributed point leaks along a fracture from a real
drapery leak.

In the tunnels a general estimation of dry and damp
sections were also made.

CLASSIFICATION OF LEAKS

The mapped leaks in the Kymmen and Saltsjd tunnels
are visually estimated and classified into five
different <classes. This <classification systenm
represent the flowrate of the leaks.



Voo "minor drip" indicates damp Dbedrock
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.

<

"very fast flushing water" indicates
gushing ground water inflow, usually from
a channel formation.

GBI

By measuring visually estimated leaks some efforts

have been made to "translate" the five classes into

measured quantities. The result is presented below
v oo = < 0.04 1l/min

0.04 - 0.3 1/min

<<
"

= 0.3 - 1.5 1/min

1.5 - 6.5 1/min

< <
n

> 6.5 1/min

%

These values are based on experiences from
hydrogeological mapping in several tunnels (3).
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All information about leakage from the Kymmen and
Saltsj® tunnels are put together and analysed.
According to the definition a leak is regarded as a
drapery leak if the width is > 0.1 m. Leaks < 0.1 m
are classified as point leaks.

When mapping the flowrate of some of the extended
drapery leaks several symbols for water leakage
class (v-g ) were noted on the drawings. In order to
compare and make statistics of the different leaks
it is necessary to estimate the total amount of
water coming from such a leak. Hence the symbols are
quantified separately according to the amounts
above. The average of each class have been used to
calculate the amount of water for the present class.
This meaps that if a drapery leak is illustrated
with twogl, the symbol is quantified as the average
value in its class, i.e 0.9 1l/min. As the leak
consists of two § the total amount of this drapery
leak is determined to be 2 x 0.9 1/m = 1.8 l/min.
According to the quantities given above this leak
should be classified as § . Thus the calculated
values are just approximate.

THE KYMMEN TUNNEL

In the Kymmen tunnel the geological and hydrogeo-
logical investigations include 4 496 m. No grouting
has been carried out in this tunnel.

A total of 1 575 leaks have been noted in the Kymmen
tunnel. Table 3.1.1 shows the distribution of leaks
according to flowrate. The relative frequency of the
total leakage for each class is included in the
table.



Table 3.1.1 Frequency distribution of flowrate in the

Kymmen tunnel

Flow- Point Drapery Total Relative
rate leak leak leakage frequency

v 1.182 8 1.190 75.5

Y 230 11 241 15.3

Y 123 8 131 8.3

¥ 6 3 9 0.6

Vv 4 - 4 0.3

¥

1.545 30 1.575 100.0

The frequency distribution of the flowrate is shown
in fig 3.1.1. The horizontal axis 1is divided
according to the water leakage classification system
above. The y-axis represents the amount of channels
in percentages.

Almost all of the mapped leaks have a width < 0.1 m
which means that they are classified as point leaks.
Only 1.9 % of all leaks are drapery leaks. The
frequency distribution of the leak widths is shown
in table 3.1.2.

Table 3.1.2 Frequency distribution of leak widths in the

Kymmen tunnel.

width

(m)

Frequency Relative
frequency
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Fig 3.1.1 Frequency distribution of flowrate in the Kymmen tunnel



Table 3.1.3 shows the distribution of leakage
classes among different widths. It is not possible
to find any relation between the flowrates and the
leak widths. The number of drapery leaks are however
very few which makes it difficult to draw any
general conclusions.

Table 3.1.3 Distribution of leakage classes in the Kymmen
tunnel.

Width

(m) v ¥ Y ¥ § 2

< 0.1 1.182 230 123 6 4 1.545
0.2 1 1 1 3
0.5 2 4 6
1.0 3 1 1 1 6
1.5 2 2
2.0 2 1 3
3.0 1 2
4.0 1 2 2 5
5.0 1 1
6.0 1 1 2

3.2 THE SALTSJO TUNNEL

In the Saltsj®é tunnel the geological and hydrogeo-
logical investigations include 720 m. Grouting has
been carried out within this section which surely
has an effect on number of leaks as well as the
flowrates of the leakage.

Within aquiferous sections with considerable inflow
the general water leakage has been noted as at least
one leak(v) every meter. These sections have not
been analysed in this report as it is difficult to
estimate the separate leaks.

A total of 336 leaks from the Saltsj® tunnel have
been analysed. The distribution of leaks according
to flowrate is shown in table 3.2.1.



Table 3.2.1 Frequency distribution of flowrate in the
Saltsjo tunnel.

Flow- Point- Drapery Total Relative
rate leak leak leakage frequency
v 278 5 283 84.2
L/ 47 2 49 14.6
v 2 - 2 0.6
v 2 - 2 0.6
329 7 336 100.0

As in the Kymmen tunnel most of the leaks are
classified as point leaks. Point leaks make up 97.9%
and drapery leaks the remaining 2.1%.

The frequency distribution of the leak widths is
shown in table 3.2.2.

Table 3.2.2 Frequency distribution of leak widths in the
Saltsjo tunnel.

Width Frequency Relative
(m) frequency
< 0.1 329 97.9
0.2 2 0.6
0.5 4 1.2
1.5 1 0.3
336 100.0

Table 3.2.3 shows the distribution of leakage classes among
different leak widths.



Table 3.2.3 Distribution of leakage classes in the Saltsjo

tunnel.
width v v v
(m) ) v ¥ y 2
< 0.1 278 47 2 2 329
0.2 1 1 2
0.5 3 1 4
1.5 1 1
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CONCLUSIONS

The most obvious result of the analysis of the water
leakage from the two TBM tunnels is that the
majority of leaks have a width < 0.1 m. Hence they
are so called point leaks. In the Kymmen tunnel a
total of 1 575 leaks have been analysed. Point leaks
make up 98.1% of these. In the Saltsjo tunnel there
are 336 leaks of which 97,9% are point leaks. Most
of them are classified as v in both tunnels.

As the leaks < 0.1 m are so predominant it should be
observed that an analysis of the remaining leaks is
based upon few observations. It is therefore diffi-
cult to draw any general conclusions from these
analyses.

The frequency distribution of flowrate in the Kymmen
tunnel, where no grouting has been carried out,
shows that most of the drapery leaks are classified
as ¥. In the Saltsj® tunnel most drapery leaks are
of the order v. In this tunnel grouting surely has
reduced both the number of leaks as well as the
flowrates.

Statistics of the frequency distribution of leak
widths consequently show a strong dominance for the
width 0 - 0.1 m in both tunnels. The remaining leaks
are rather evenly distributed among the different
widths. There is however some tendency of concentra-
tion for the widths 0.5 and 1.0 m.

The analysis of the data from the Kymmen- and
Saltsj® tunnels has not shown that flowrates are
dependent of the leak widths.
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