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Abstract

This report presents data from the measurements in the Backfill and Plug Test during
the period 99-06-01 to 04-01-01. Water pressure in the rock is measured in 73 points,
pore water pressure in the backfill is measured in 33 points, total pressure is measured
in 20 points and water pressure in the drainage layers of filter matsis measured in all 12
layers. The water saturation process in the backfill is checked in 57 measuring points.

The positions of the measuring points in the backfill are related to the backfill section,
the number of the compacted layer, the tunnel axis, and the rock surface. The positions
of the measuring points in the rock are related to the backfill section where the hole
enters, where on the rock surface the hole enters, and the measuring section in the
borehole.

Water pressure in the mats was increased from about 50 kPa to about 500 kPa during
the period 2001-10-03 to 2002-01-21 in order to reach saturation within reasonable
time. The increase in water pressure had the intended effect, since the saturation rate
increased and all relative humidity sensors seemed to indicate full water saturation at
the turn of the year. The conclusion is that the backfill is very close to complete
saturation and that the flow testing can start.

M easurement of the water inflow to the neighbouring Demonstration Tunnel (K-tunnel)
started 02-09-19 and the results are presented in this report. Also the water flow trough
the plug is presented here. In order to keep the water pressure at a constant pressure of
500 kPain the inner part of the tunnel awater flow islead trough pipes out from the
tunnel. Thisflow is also presented in this report.

The measurements with the local permeability probes supplied and installed by Aitemin
are finalized. The evaluation of the tests was made by UPC.

In October 2003 the tests to determine the hydraulic conductivity of the backfill started
by introducing a pressure gradient over the permeable mats and continuously measuring
thein and out flow from the mats.






Sammanfattning

| denna rapport presenteras data fran méatningar i Backfill and Plug Test under period
1999-06-01 till 2004-01-01. Vattentryck i berget métsi 73 punkter, porvattentryck i
aerfyllningen matsi 33 punkter, totaltryck i 20 punkter och vattentryck i permeabla
skikt av filtermattor métsi alla 12 sektioner. Vatteninnehdllet i aterfyllningen méts eller
indikerasi 57 punkter.

M atpunkternas positioner anges for aterfyliningen i relation till &terfyliningssektion,
packningslager, tunnelcentrum och bergyta. For métpunkternai berget anges
aterfyllningssektion som borrhdllet mynnar i, var pa bergytan halet mynnar och
métsektion i borrhalet.

Vattentrycket i mattorna har okats frén ca 50 kPatill 500 kPa under perioden
2001-10-03 till 2002-01-21 for att fa vattenmattnad i rimlig tid. Tryckokningen hade
avsedd effekt, vattenméttnadstakten 6kade och vid arsskiftet 2002/2003 sa verkade alla
psychrometerar indikera full vattenméttnad. Slutsatsen &r att aterfylinaden & mycket
narafull vattenméttnad.

Maétning av inflédet av vatten till en nérliggande parallell tunnel (DEM O-tunneln)
startade 2002-09-19 och resultaten presenteras i denna rapport. Flodet genom pluggen &r
ocksa redovisat i denna rapport. For att halla vattentrycket konstant pa en niva av 500
kPai deinre delarna av tunneln dréneras denna del. Aven flodet fran draneringen
redovisasi dennarapport.

Utrustning for matningar av lokal permeabilitet har installerats av Aitemin. Forsoken
med utrustningen har slutforts av Aitemin och UPC.

Under oktober 2003 startades forsoken med att méta dterfyllnadens hydrauliska
konduktivitet genom att tryckgradienter skapades mellan mattorna under métning av in-
och utstrdmmande vatten.
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1 Introduction

The installation of the Backfill and Plug Test was made during spring 1999. The
different measurements started at different times as the transducers were connected to
their data acquisition systems. In this report the data acquired until 2004-01-01 are
presented. In general the data in this report are presented in diagrams covering the time
period 1999-06-01 to 2004-04-01. The time axis in the diagrams represents days from
1999-06-01 except for readings from the flow meters.

A Test overview with the positions of the permeable sections, the positions of the
measuring points and a brief description of the instruments is also included in this
report. A quick guide to the positions of all instruments in the backfill that can be
unfolded to A3 format is enclosed as the last page. Explanation of denominations is
presented in Chapter 4.

General comments concerning the collection of the data are also given.






2 Comments

2.1 General

In this chapter short comments on general trends in the measurements are given.
Sensors that are not delivering reliable data or no data at all are noted and comments on
the data collection in general are given.

The seventh report covered the period up to 030701. This report is the eighth one and
covers the results up to 040101, which corresponds to day 1675 on the time axis in the
diagrams.

The plug was grouted on June 27 2001 and the water pressure in the permeable mats
and in the drained inner part of the drift was increased in steps of 100 kPa to 500 kPa at
the following times:

100 kPa: 2001-10-03 (day 854)
200 kPa: 2001-11-14 (day 896)
300 kPa: 2001-11-28 (day 910)
400 kPa: 2001-12-10 (day 922)
500 kPa: 2002-01-21 (day 965)

At the end of October 2003 the tests to determine the hydraulic conductivity of the
backfill started by introducing a pressure gradient over the permeable mats and
continuously measuring the in and out flow from the mats.

Since the backfill of 30/70 was considered water saturated during 2003 the
measurement of suction with Wescor was interrupted in November 2003. The cables
were cut and the tubes plugged in order to avoid drainage through the tubes.

2.2 Total Pressure, Glotzl
Data are presented on pages 33-34.

After repairing the Data Acquisition System (DAS) it was re-installed (day 1061) and
worked well for about 250 days. The reason for the breakdown was most probable that
saltwater leaked through tubes from two gauges and into the oil tank of the oil pump.
The salt corroded the oil pump and caused it to break down. The leaking gauges Ul and
U3 were located and plugged.

As an effect of the increase in saturating water pressure the registered total pressure
increased accordingly.

All pressure cells seem to work except for P58 that has never been connected to the
DAS and P59 that was disconnected after the first DAS breakdown. All cells in section
A yield slightly higher total pressure than what corresponds to the own weight of the
backfill plus applied water pressure. In section B most cells yield a higher pressure due
to swelling of the bentonite blocks at the roof.
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The automatically registration of the values from the transducers failed after about 1300
days. During a period of about 200 days no measurements were saved. After this period
the date from the transducers were red and saved manually. The manually stored values
are showing more scatter than the previous saved values.

2.3 Total pressure, Rocktest

Data are presented on page 35.

All cells seem to deliver reliable data except P3, which has stopped working, and P51,
which stopped functioning at the end of the latest measuring period but has now started
to yield a measurable value again. The same trends can be observed as for the Glotzl
cells; higher pressure is registered in the B section. All of the sensors, except for P61
that has increased from 600 to 770 kPa and P51, have been stable ever since the
increase in saturating water pressure to 500 kPa. The sensors in sections A yield a total
pressure that is very similar to the applied water pressure.

2.4  Suction, Wescore Psychrometers
Data are presented on pages 36-39.

The Psychrometers are mainly placed in the 30/70 backfill. The exceptions are W67 and
W77 that are placed in the 0/100 backfill, and W83 and W84 that are placed among the
bentonite blocks in B6. In the first material the water saturation was quick and the
psychrometers were drowned. The psychrometers are not designed for measuring
suction in the latter material until very close to water saturation. Data from the sensors
in these materials are not presented in this data report.

The suction of 30/70 is about 3000 kPa at the initial water content and decreases with
increasing degree of saturation. At complete saturation the suction is about 1000 kPa or
lower.

The measured values show that most sensors behave in a rational manner indicating that
they function in a proper way. The following exceptions can be noted:

1. At some periods the scatter of measured values is rather high for a few
transducers, especially at a period around 400 days. Some of this scatter is
probably caused by outer disturbances. The problems were overcome and good
results were received after that period.

2. When the backfill is water saturated the transducers may give unreliable
measurements, especially if free water has entered. This would explain the
scatter in the late measurements of some transducers. The readings from sensors
after the backfill has been saturated are not presented in the diagrams

All sensors have indicated full water saturation.

In general the readings from the psychrometers have been logical. The sensors placed in
the layer closest to the permeable mats and close to the rock were the first to indicate an
increase in water ratio and saturation. After this water saturation was indicated by the
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sensors placed two layers from the saturating mats and finally, in the readings presented
in this report, all sensors placed three layers from the saturating mats indicate saturation.
The conclusion is that the 30/70 backfill was water saturated during 2003.

The effect of the increase in saturating water pressure in the permeable sections during
the time period 2001-10-03 to 2002-01-21 can be observed for all of the sensors that
were still delivering data.

The measurement of suction was interrupted in November 2003. The cables were cut
and the tubes plugged in order to avoid drainage through the tubes.

2.5 Resistivity, resistivity probe
Data are presented on pages 40-41.

The purpose of using resistivity probes is to measure change in water content and to
indicate when the bentonite free backfill (0/100) is saturated. Seven of the nine probes
were installed in the 0/100 and the other two were installed in section A6. The probes
were not originally designed for the 30/70 backfill. It has not been possible to evaluate
the readings from the two probes placed in this material and the data from these are not
presented.

The effect of the stepwise increase in water pressure is registered as a decrease in
resistivity, which indicates that the 0/100 backfill was not completely water saturated
before the pressure increase. All curves but W78 have reached the resistivity 10-30 Qm,
which correspond to full saturation. W72, W73 and W 74 have failed after indicating
full saturation.

2.6 Indication of saturation, CT tube

No water has come through the tubes placed in the 30/70 backfill. In the 0/100 backfill
all CT tubes have carried water all the way to the measuring house and have been

plugged.

2.7 Pore water pressure in backfill, Glotzl
Data are presented on pages 42-45.

After repairing the data acquisition system it was re-installed (day 1061) and has been
working well for about 250 days. U1 and U3 has been disconnected and plugged since
they leaked water to the Data Acquisition System. All of the remaining sensors but two,
U15 and U17, deliver logical readings. Both U15 and U17 are placed close to the roof
and indicate water pressures that are considerably higher than the pressure applied in the
permeable sections. The automatically registration of the values from the transducers
failed after about 1300 days. During a period of about 200 days no measurements were
saved. After this period the date from the transducers were red and saved manually. The
manually stored values are showing more scatter than the previous saved values.
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2.8 Pore water pressure in the backfill, Druck
Data are presented on pages 46 and 47.

The principle of this measurement is to lead water from the test volume to the
measuring house in a tube, connect it to the Druck transducer and measure the pressure.

So far water has come through from measuring points U13, U52, U5 and U23 in the
30/70 backfill (no water in 4 out of 8 points) and through U53, US55, U58, U54, U57 and
U56 in the 0/100 backfill (all points). There are also two measuring points among the
blocks and pellets in section B6, no water has come through these. The readings from
all of the 10 connected pore water pressure cells correspond quite well to the increase in
saturating water pressure.

The pressure readings from the Druck transducers are related to the Z co-ordinate of the
transducer in the measuring house. They are placed 0.5 — 1.5 m. below the centre point
of the tunnel.

2.9 Water flow into permeable sections

Data are presented on page 48.

Water flow into the permeable sections is only measured by four flow meters, which
means that several mats were connected to the same flow meter in different patterns
during the first year. The flow data on page 48 is presented as flow to the different mats
for the constellation after 340 days after which the same constellation has been used.
Since there is flow out through the plug and there is also a free connection to the inner
drained part of the drift, the measured flow does not tell anything about the water mass
balance in the backfill at this stage.

210 Water pressure in permeable mats, Druck
Data are presented on pages 49 and 50.

The pressures in the permeable layers are measured in the tubes leading to the centre
positions of the centre mats. The pressure is related to the Z co-ordinate of the Druck
pressure transducers in the measuring house. This corresponds well with the Z co-
ordinate of the centre line of the tunnel. Since the tunnel is slightly inclined the centre
point is about 3 dm above the level of the Druck sensors in D1 and about 1 dm below
the sensors in D10.

The measured pressure in the mats in the 0/100 backfill reflects very well the stepwise
water pressure increase, while the response in two mats in the 30/70 backfill is lower
than expected.
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2.11 Water flow past the plug

Data are presented on page 51.

The water is collected in a sump outside the plug. Once a day the water is pumped from
the sump through a flow meter and the volume and time is registered.

The measurement of water flow past the plug started 02-10-08 (day 860). At this time
the water pressure behind the plug was 100 kPa. Each time the water pressure behind
the plug was increased the flow past the plug increased substantially only to, in a short
time, decrease to a level close to the one before the pressure increase. The flow past the
plug was about 0.02 1/min when the pressure behind the plug was 100 kPa. When the
pressure was raised to 500 kPa the flow past the plug increased to 0.05 I/min and has
since decreased at a slow rate. The flow past the plug was in the end of 2003 about
0.015 1/min.

On 30™ of October 2003 the water pressure inside the plug was decreased to 450 kPa

2.12 Water flow from the inner part of the drift.

Data are presented on page 52.

The flow from the inner part is high, about 1.5 I/min. Compared to the flow injected in
the permeable sections and the flow past the plug and it is irregular.

In order to keep the water pressure at a constant level one of the tubes leading water
from the inner part of the drift is led higher up in the tunnel to an open vessel so that the
difference in elevation together with the flow resistance in the pipe amounts to the
desired water pressure (500 kPa). From the open vessel the water is led through a flow
meter and the volume and time is registered. The decrease in the outflow at the end of
this period is due to the fact that the open vessel was moved upwards in the tunnel
causing a higher water pressure in the inner part.

213 Water flow into neighbouring drifts

The measurement of water flow into the neighbouring demonstration drift started 02-09-
19 and is presented on page 53.
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2.14 Water pressure in the rock, Druck
Data are presented on pages 54-69.

The pressures in the bore holes range from 0 to 3300 kPa. The highest pressures are
found in the long boreholes. The pressures in the short bore holes in general range from
0 to 600 kPa. The exception is UR63 (left wall in section A1) that shows a pressure of
1600 kPa.

It is interesting to study the reaction of the water pressure increase in the mats on the
measured pressure in the boreholes. All short boreholes in the floor yield immediate
response and thus have a direct connection with the tunnel except for UR42, which is
situated in the carefully blasted part (section 0). Most of the short boreholes in the roof
and walls of the tunnel also yield a quick response to the pressure increase in the tunnel.

One sensor UR168 stopped working during a period of 300 days and then started to
function again.
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3 Geometry

The backfilled part is divided into backfill sections separated by drainage layers of
permeable mats. The backfill sections are named 0, A1-A6 and B2-B6 and the mats are
named D1-D12 according to Fig 3-1.

ASPO HARD ROCK LABORATORY- BACKFILL AND PLUG TEST IN ZEDEX DRIFT

Layout of the test
Numbering of backfill sections and permeable mats

Blocks of 20/80
bentonite/crushed rock

Bentonite blocks

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12
N ~ ~ < 1y S N N 7 N S 7 N S 7Y A S N S S S A -
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~ ~, .. Y e, S ~ . N, W, H
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S . . . .
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LN b S > L
él %
28 m Bentonite O-ring
I
Cement plug

Drainage and deairing
layers, permeable mats

Figure 3-1 Numbering of backfill sections and drainage layers (permeable mats).

The permeable mats have been placed according to Fig 2-2. If the tunnel is supposed to
be cylindrical the sections are elliptical with the large axis 8.7 m and the small axis 5.0

m. The tunnel axis is made the centre of a co-ordinate system with x and y co-ordinates.
The drainage layer is divided into 3 parts with one upper, one central and one lower

filter.

e The upper filter starts at y=3.3 m and fills the tunnel above that level. At the contact
with the rock 0.2 m of filter mat is folded and attached to the rock surface in order to
have a good hydraulic interaction with the rock.

The central filter is placed at -2.5<y<3.0 and -2.2<x<2.2 as shown in Fig 3-2. The

central filters have at least 0.3 m distance to the walls otherwise it has been cut to

fulfil that demand.

The lower filter has been placed between y=-2.8 and the floor with 0.2 m folded and

attached to the floor. Since the floor is horizontal the ellipse is cut at about y = -3.85.
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Upper mat

Central mat

®
O

Lower mat
®

Figure 3-2. Location of the filters in a drainage layer.
Drainage layer DO1 and D11 does not reach the floor. The central filter is cut 0.3 m

from filter D12. Drainage layer D12 is made as the circular projection of the other
drainage layers.
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4 Location of instruments in the backfill

4.1 Brief description of the instruments

The different instruments that are used for measurements in the backfill are briefly
described in this chapter.

411 Measurement of total pressure in the backfill

Total pressure is the sum of the swelling pressure (or effective stress) and the pore water
pressure. It is measured with the following two instrument types:

e (lotzl total pressure cells of the hydraulic type. Two models have been used: E 10/20
KF 50 VA24 model A (Glotzl A) and model F (Gl6tzl B). The measuring range is
0-5 MPa. Type A is used for measurement in the soil while type B will be fixed to
the rock surface with concrete.9 cells of type A and 4 cells of type B are installed.

e Roctest total pressure cell with vibrating wire transducer model TPC-0 (0-4 MPa). 8
cells of this type are installed in the backfill.

4.1.2 Measurement of pore water pressure in the backfill

The pore water pressure in the backfill is measured with the following two instrument
types:

e Glotzl pore pressure cells of the hydraulic type. 18 pore pressure cells of model P4 S
S50L VA with the measuring range 0-5 MPa are installed.

e Filter tips connected to Druck pore water pressure cells model PTX 1400 with
tecalan tubes. The pore water pressure cells are located outside the test area. 16
devices with the measuring range 0-4 MPa are installed.

4.1.3 Measurement of the water saturation process in the backfill

The water saturation process is followed by the following three different techniques:

e Wescor psychrometers model PST-55. These devices measure the relative humidity
in the pore system, which can be converted into water ratio or total suction (negative
water pressure). The measuring range is 95.5-99.6 RH corresponding to the pore
water pressure -0.5 to -6 MPa or the water ratio 11-25% of backfill with the
composition 30/70 bentonite/ballast mixture. 27 psychrometers have been installed.

e Resistivity probes developed and built by Clay Technology and the University of
Lund are used in the bentonite free backfill. The measuring principle is to apply an
electrical current between two outer electrodes with the relative distance 30 cm and
measure the drop in potential between two inner electrodes with the relative distance
10 cm. The devices have been calibrated for different densities and water ratios of
the backfill intended to be used. The measuring range is water ratios between 5 and
12%. 10 devices are installed.
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e Filter tips connected to thin tecalan tubes. These filters, which mainly have been
installed in the bentonite free backfill, are simple devices for indicating when water
saturation has occurred in the measuring point.

414 Measurement of temperature

Since no heat is generated in the experiment, temperature can be measured in two points
for the purpose of general information. Thermocouples of type K from Heraeus Electro-
Nite AB have been used. Temperature can also be measured by the psychrometers and
by the devices for measuring hydraulic conductivity installed by Aitemin (ENRESA).

4.1.5 Other measurements

After water saturation local hydraulic conductivity will be measured in section A4 with
devices developed and installed by Aitemin in 13 points. The sensors also register the
pore water pressure.

4.2 Strategy for describing the position of each device

Each instrument is named with a short unique name consisting of 1-2 letters describing
the type of measurement and 1-3 figures numbering the device. In addition to the name
a short description of the position is added.

>Om————— @
6 layers a 0.21m

35°

220 m

Figure 4-1.Subdivision of a backfill section into backfill layers.

The sections, separated by drainage layers, were shown in Fig 1-1. Sections A1-A6 and
B2-B4 are divided into 6 layers with the thickness 0.21 m according to Fig 4-1. Each
layer corresponds to one compaction sequence, which means that the backfill will be
placed with a thickness before compaction that yields a thickness after compaction of
0.21 m. The layers are numbered 1-6.
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The instruments have been placed in the layers after compaction and are related to those
layers. Each measuring point is also defined by the co-ordinates in the layer in a co-
ordinate system equal to the one shown in Fig 4-2. The x-coordinate is the horizontal
distance from the centre of the tunnel and the y-coordinate is the distance perpendicular
to the x-axis. Some of the instruments are more important to place at a specified
distance from the rock surface. For those cases the co-ordinate begins with the letter R
and is given the co-ordinate with the intersection with the rock surface as centre. An
instrument in the backfill will thus be named in the following way:

1. Type of measurement (1 letter)

2. Serial number (1-2 figures)

(98]

. Section (1 letter, 1 figure)

N

. Layer (1 figure)
5. x-coordinate
6. y-coordinate

Items 1 and 2 identify the device and items 3-6 describe the location. A pore water
pressure transducer (number 8) located in section A2, layer 3, 0.5 m left of the centre
line and 0.3 m below the roof in the y-direction will be named:

W8 (A2/3/-0.5/R-0.3)
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Instrument locations

Sections A & B

Layers 1-6

(0,+4.35)

(-2.5,0) ©,0

(+2.5,0)

-2.5

-2.8

(0,-4.35

Figure 4-2. Co-ordinate system for measuring point in each sections and layers
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4.3 Position of each instrument in the backfill

All instruments are placed in layers 1-4 in order to leave the two upper layers unaffected
by transducers and cables. Another reason is that the entrance plate where the tubes are
attached to the through connections are placed in layers 1-4, which means that the two
final layers could be compacted without considering the problems of compacting around
the through connections.

The positions of the instruments (the positions of ENRESA s hydraulic conductivity
devices are shown on page 64) are described in Tables 4-1 to 4-4.

Table 4-1 Numbering and position of instruments for measuring total pressure

Type and number | Section| Layer| X Y |Fabricate Remarks

P1 A3 1 0 R+0.2 |Glotzl A Horisontal
P2 A1 5 0 R-1.1 |Glotzl A Parallel

P3 A2 3 0 0,6 |Rocktest Parallel

P4 A2 3 0 | R+0.65 |Rocktest Parallel

P5 A2 1 0 R-0.2 [Rocktest Parallel

P6 A2 6 0 -3,15 [Glotzl A Horisontal

P7 Ad 3 0 R-0 [Glotzl B At rock

P8 Ad 3 0 R+0 |Glotzl B At rock

P9 A5 3 0 R-0.2 |GlotzIA At rock

P51 A6 3 0 R-0.3 [Rocktest Under blocks
P52 B2 3 0 R-0 |Glotzl A Under blocks
P53 B2 3 0 0,2 [Glotzl B Horisontal
P54 B2 6 0 -2,78 |Rocktest Horisontal
P55 B3 3 0 0,3 |Glotzl A Parallel

P56 B3 3 0 | R+0.65 |Glotzl A Parallel

P57 B2 7 0 R+1.1 |Rocktest Parallel

P58 B4 3 0 R-0 |Gl6tzl A Under blocks
P59 B3 5 0 R-1.1 |Glotzl A Parallel

P60 B4 1 0 R-0.2 [Rocktest Parallel

P61 B6 10 0 R-0 [Rocktest Between blocks
P62 B6 10 0 P Glotzl B At wall
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Table 4-2 Numbering and position of instruments for measuring pore water
pressure (U)

Type and number |Section| Layer X Y Fabricate Remarks
U1 A1 3 0 0,3 |Glotzl

U2 A1 3 0 3,1 [Glotzl

U3 A1 3 0 -2,6 |Glotzl

U4 A1 3 2 0 CT Tube + Druck |Twin tubes
U5 A1 3 -2 0 CT Tube + Druck |Twin tubes
U6 A2 1 0 0,3 |Glotzl

U7 A2 6 0,2 3,15 |Glotzl

us A3 1 0,25 -2,8 |Glotzl

U9 A1 5 -0,2 | R-1.1 |Glotzl

u10 A2 3 0 0,3 |Glotzl

Uu11 A2 3 -0,2 | R+0.65 |Glotzl

u12 A2 3 1,3 0 CT Tube + Druck

U13 A2 3 -1,3 0 CT Tube + Druck

Uu14 A2 6 -0,15 | -0,1 |[Glotzl

u15 A2 1 -0,2 | R-0.2 |Glotzl

U16 A4 3 0 0,3 |Glotzl

u17 A4 3 0 R-0 [Glotzl

Uu18 A4 3 0 R+0 |Glotzl

Uu19 A4 3 R-0 0 Glotzl

u20 A4 3 R+0 0 Glotzl

U221 A5 3 0 0,3 |Glotzl

u22 A5 3 1,3 0 CT Tube + Druck |Twin tubes
u23 A5 3 -1,3 0 CT Tube + Druck |Twin Tubes
u24 A5 3 -0,2 | R-0.2 |Glotzl

U51 A6 3 -0,2 | R-0.3 |CT Tube + Druck |Under the Blocks
uU5s2 A6 3 -0,2 -2 |CT Tube + Druck |Twin Tubes
U53 B3 1-2 0 R+0.05 [CT Tube + Druck

Us4 B2 5 -0,2 | R+0.2 |CT Tube + Druck |marked as w66
U55 B2 6 -0,2 | R+0.65|CT Tube + Druck |marked as w63
U56 B4 3 0 R-0 [CT Tube + Druck

us7 B3 5 -0,2 | R-1.1 |CT Tube + Druck

U58 B4 1 -0,2 | R-0.2 |CT Tube + Druck

U59 B6 10 0 R-0.05 |CT Tube + Druck

ue0 B6 10 0 R-C-C |CT Tube + Druck |Twin Tubes
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Table 4-3  Numbering and position of instruments for measuring water content (W)

Type and number Section| Layer| X (m) | Y (m) |Fabricate Remarks
W1 A1 1 0 0 Wescor Psychrometer
W2 A1 3 0 0 Wescor Psychrometer
W3 A1 5 0 0 Wescor Psychrometer
W4 A2 1 0 0 Wescor Psychrometer
W5 A2 3 0 0 Wescor Psychrometer
W6 A2 4 0 0 Wescor Psychrometer
W7 A3 1 0 0 Wescor Psychrometer
W8 A3 3 0 0 Wescor Psychrometer
W9 A3 3 0 2,5 |CT Tube

W10 A3 3 0 R-0.5 |Wescor Psychrometer
W11 A3 3 0 -2 |CT Tube

W12 A3 3 0 R+0.5 |Wescor Psychrometer
W13 A3 3 1,2 0 CT Tube

W14 A3 3 R-0.3 0 Wescor Psychrometer
W15 A3 3 -1,2 0 CT Tube

W16 A3 3 R+0.3 0 Wescor Psychrometer
W17 A3 4 0 0 Wescor Psychrometer
W18 A4 1 0 0 Wescor Psychrometer
W19 A4 3 0 0 Wescor Psychrometer
W20 A4 4 0 0 Wescor Psychrometer
W21 A5 1 0 0 Wescor Psychrometer
W22 A5 3 0 0 Wescor Psychrometer
W23 A5 3 0 2.5 |Wescor Psychrometer
W24 A5 3 0 -2 |Wescor Psychrometer
W25 A5 4 0 0 Wescor Psychrometer
W51 A6 1 0 0 Wescor Psychrometer
W52 A6 3 0 0 CT Res. Probe

W53 A6 3 0 R-0.4 |Ct Tube

W54 A6 3 0 -2 |Ct Tube

W55 A6 3 -1,3 0 Ct Tube

W56 A6 3 1,3 0 Ct Tube

W57 A6 4 0 0 CT Res. Probe

W58 B2 1 0 0 CT Res. Probe

W59 B2 3 0 0 CT Res. Probe

W60 B2 3 0 2,5 |CtTube

W61 B2 3 0 R-0.3 |Ct Tube Under the Blocks
W62 B2 3 0 -2 |Ct Tube

W64 B2 3 -1,3 0 Ct Tube

W65 B2 3 1,3 0 Ct Tube

W67 B3 1 0 0 Wescor Psychrometer
W68 B3 3 0 0 CT Res. Probe

W69 B3 3 0 R-0.3 |CT Tube Under the Blocks
W70 B3 3 1,3 0 CT Tube

W71 B3 3 -1,3 0 CT Tube

W72 B3 4 0 0 CT Res. Probe
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W73 B4 1 0 0 CT Res. Probe

W74 B4 3 0 0 CT Res. Probe

W75 B4 3 1,3 0 CT Tube

W76 B4 3 -1,3 0 CT Tube

W77 B5 2 0 0 Wescor Psychrometer
W78 B5 5 0 0 CT Res. Probe

W79 B5 8 0 2 CT Res. Probe

W80 B5 8 2 2 Ct Tube

W81 B5 8 -2 2 Ct Tube

W82 B5 11 0 2 Ct Tube

W83 B6 5 0 R-C-C |Wescor Psychrometer
W84 B6 15 0 R-C-C |Wescor Psychrometer
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5 Location of instruments in the rock

5.1 Brief description of the instruments and the packers

Only water pressure is measured in the rock. The measurements are made in core-drilled
boreholes sealed with bentonite packers with the following measuring technique:

Tecalan tubes from the packer are connected to Druck pore water pressure cells model
PTX 1400. The pore water pressure cells are located in the measuring house.
Measurements are made in 79 borehole sections (measuring range 0-4 MPa).

Measurements are made in 1-3 sections in the boreholes. Most of the holes are only 1 m
long with 1 packer installed in the outer 0.5 m. Two tubes are lead into each measuring
section for de-airing purpose. The measuring sections are sealed with packers with
bentonite rings surrounded by rubber sealings.

5.2 Position of each measuring section

The measuring sections are identified with two letters and 2-3 figures. The letters are U
(for pore water pressure) and R (for rock). The numbers are given in the following way:

Short holes in roof: 1-12

Long holes in the roof: 101-107

Short holes in the right wall (seen from the entrance of the drift): 21-32
Long holes in the right wall: 121-129

Short holes in floor: 41-52

Long holes in the floor: 141-147

Short holes in left wall: 61-72

Long holes in the roof: 161-167

Long hole in the end of the drift: 121

Table 5-1 shows the location of the measuring section for each instrument and the
corresponding bore hole number. The backfill section in where the bore hole starts is
also given

Figs 5-1 and 5-2 show the location of the measuring sections in vertical and horizontal
cross sections.
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Table 5-1 Numbering and positions of instruments for measuring pore water
pressure in the rock

Type and number|Location |MeasuringBore hole number|Section| Fabricate| Diameter | Remarks
sect. (m) (TC) (mm)

UR1 Roof 0.5-1.0 |KZ0065I01 A1 Druck 56

UR2 Roof 0.5-1.0 |KZ0063101 A2 Druck 56

UR3 Roof 0.5-1.0 |KZ0061101 A3 Druck 56 |Closed ?

UR4 Floor 0.5-1.0 |KZ0052G01 A4 Druck 56

UR5 Roof 0.5-1.0 |KZ0057101 A5 Druck 56

URG Roof 0.5-1.0 |KZ0054101 B1 Druck 56

UR7 Roof 0.5-1.0 |KZ0052I01 B2 Druck 56

URS Roof 0.5-1.0 |KZ0050I01 B3 Druck 56

UR9 Roof 0.5-1.0 |KZ0048101 B4 Druck 56

UR10 Roof 0.5-1.0 |KZ0046I01 B5 Druck 56

UR11 Roof 0.5-1.0 |KZ0043I01 B5 Druck 56

UR12 Roof 0.5-1.0 |KZ0041101 B5 Druck 56

UR21 Right wall| 0.5-1.0 |KZ0066B01 0] Druck 56

UR22 Right wall| 0.5-1.0 |KZ0064B01 0 Druck 56

UR23 Right wall| 0.5-1.0 |KZ0061B01 A1 Druck 56

UR24 Floor 0.5-1.0 |KZ0057B01 A2 Druck 56

UR25 Right wall| 0.5-1.0 |KZ0057B01 A3 Druck 56

UR26 Right wall| 0.5-1.0 |KZ0055B01 A4 Druck 56

UR27 Right wall| 0.5-1.0 |KZ0053B01 A5 Druck 56

UR28 Right wall| 0.5-1.0 |KZ0050B01 B1 Druck 56

UR29 Right wall| 0.5-1.0 |KZ0048B01 B2 Druck 56

UR30 Right wall| 0.5-1.0 |KZ0046B01 B3 Druck 56

UR31 Right wall| 0.5-1.0 |KZ0044B01 B4 Druck 56

UR32 Right wall| 0.5-1.0 |KZ0042B01 B5 Druck 56

UR41 Floor 0.5-1.0 |KZ0065G01 0 Druck 56

UR42 Floor 0.5-1.0 |KZ0063G01 0 Druck 56

UR43 Floor 0.5-1.0 |KZ0061G01 0 Druck 56

UR44 Floor 0.5-1.0 |KZ0059G01 A1 Druck 56

UR45 Right wall| 0.5-1.0 |KZ0059G01 A2 Druck 56 | One tube

UR46 Floor 0.5-1.0 |KZ0054G01 A3 Druck 56  |plugged

UR47 Roof 0.5-1.0 |KZ0059I01 Ad Druck 56

UR48 Floor 0.5-1.0 |KZ0050G01 A5 Druck 56

UR49 Floor 0.5-1.0 |KZ0048G01 B1 Druck 56

URS0 Floor 0.5-1.0 |KZ0046G01 B2 Druck 56

UR51 Floor 0.5-1.0 |KZ0043G01 B3 Druck 56

UR52 Floor 0.5-1.0 |KZ0041G01 B4 Druck 56
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Figure 5-1. Position of measuring points in the boreholes of the rock in the floor (left
part) and the roof. Vertical section.
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Figure 5-2  Position of measuring points in the boreholes of the rock in the walls.
Horizontal section
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6 Data from measurements
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Water pressure in backfill sections A1- A6 (990601-040101)
DRUCK

600

500

400

300

Pressure (kPa)

200

100 -

0 T T T T T T T T
0 200 400 600 800 1000 1200 1400 1600 1800
Time(days) day 0 =990601

‘O U4 (A1/3/2/0) = U5 (A1/3/-2/0) X U13 (A2/3/-1,3/0) a U23 (A5/3/-1,3/0) & U52 (A6/3/-0,2/-2) ‘

46



Pressure (kPa)

Water pressure in backfill sections B2&B3&B4 (990601-040101)

DRUCK

600

500 -

400 -

B0 === == mm i mm e

200 === m el

100 -

O T T T T

0 200 400 600 800 1000 1200
Time(days) day 0 =990601

1400 1600

1800

© U54 (B2/5/-0,2/R+0,2) & U55 (B2/6/-0,2/R+0,65) 0 U53 (B3/1-2/0/R+0,05)
A U56 (B4/3/0/R-0) O U58 (B4/1/-0,2/R-0,2) m U59 (B6/10/0/R-0,05)

X U57 (B3/5/-0,2/R-1,1)
A U60 (B6/10/0/R-0,15)

47



Flow(l/min)

Flowmeter(000601-040101)

0,7
0,6
0,5 - V"T
04+ B
0,3 f-—------
0,2
0,1 N
' i
o I+ Wi |
1540 1740

540 740 940 1140 1340
Time(days) day 0=990601
|#D2,D4,05,06 mD3 AD12 OD1 |

48



Pressure (kPa)

600

Water pressure in permeable mats D1-D6 (990601-040101)

Druck

500 -

400 -

300 A

200

100

0 200 400 600 800
Time(days) day0=990601

1000 1200 1400 1600 1800

[©D2 OD1 AD3 XD4 XD5 OD6

49



Pressure(kPa)

Water pressure in permeable mats D7-D12 (990601-040101)
DRUCK
700

600

500

NN
o
o

w
o
o

200

100

0 200 400 600 800 1000 1200 1400 1600 1800
Time(days) day0=990601
OD7 ©¢D8 AD9 XD10 oD11 XD12

50



Water flow past plug (010809-040101)
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Inflow DEMO-tunnel (010919-030101)
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Water pressure in bore holes section 0(9906-040101)
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Water pressure in bore holes section 0(9906-040101)
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Pressure (kPa)
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Quick guide

Layout of the test
Numbering of backfill sections and permeable mats
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bentonite/crushed rock
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Bentonite O-ring

Drainage and deairing
layers, permeable mats

Backfill transducer

\\
Gauge type J

Gauge number
Section

Layer

X Coordinate(m)

(A2/3/-0,5/R - 0,3)

Y coordinate(m)

Or distance from rock surface:
R+ signifies distance from floor
R- signifies distance from roof

Gauge types:
W=Water ratio
U=Water pressure
P=Total pressure

(0,+4.35)

Cement plug/

Rock transducer

UR 124 (A2/ RW/ 1,5 -2,0)

Water pressure in rock | |
Gauge number
Corresponding backfill section

Location (e.g. RW=right wall)

Depth in borehole(m)

Co-ordinate system

(-2.5,0)

(0,0

22

(+2.5,0

(0,-4.35)

71



72




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [595.000 842.000]
>> setpagedevice




