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Abstract

The Prototype Repodtory is an internationd, EC-supported activity with the objective to
investigate, on a full-scade, the integrated performance of engineered barriers and near-fidd
rock of a smulated deep repostory. This is done in crystdline rock regarding heet evolution,
mechanics, water flow, water chemidry, gas evolution and microbid processes under naturd
and redigtic conditions at gpproximately 450 m depth below the ground surface. The test Ste
is a 65 m long TBM-bored drift from which sx 1.75m diameter deposition holes extended
downwards to about 8 m depth in accordance with the KBS-3 concept. The test Site is divided
in two parts, an inner 40 m long section (Section 1) with 4 depostion holes and an outer
section (Section 11) with two depogtion holes. Stiff and tight plugs will separate the sections
and Section 11 from the rest of the Aspt Hard Rock Laboratory.

A large number of boreholes have been drilled to characterize the rock mass. These boreholes
will be used for the long-time monitoring of the Prototype Repository. Packers, 1-5 in each
borehole, are inddled to facilitate monitoring of the water pressure and water chemidry in
borehole sections. Temperature sensors are fixed in some of the boreholes by grouting the
boreholes. Tubes and cables from the borehole sections are lead to a nearby Gtunnd, where
the pressure and temperature are measured and the water is sampled. Hydraulic tests will aso
be performed from the G-tunnd by flowing of borehole sections (one by one) and measuring
the pressure responses.

The report describes the instrumentation of the boreholesin Section |.



Sammanfattning

Prototypforvaret & ett internationd|t, EC-st6tt projekt med syfte att | full skala undersbka den
integrerade funktionen hos ingenjOrers-barridrer och narfaltsberg i ett Imulerat dutforver i
krigdlint berg med hénsyn till varmeutveckling, mekanik, vattengenomstrémning,

vattenkemi, gasbildning och mikrobiologi under naturliga och realistiska forhdlanden pa ca
450m djup. Forsoksplatsen & en 65m |ang TBM-borrad ort fran vilken sex vertikda
deponeringshd med 1.75m diameter och 8m djup borratsi enlighet med KBS-3 konceptet.
Testplatsen & delad i tva delar; en inre 40m |8ng sektion (sektion 1) med 4 deponeringshd

och en yttre del (sektion 11) med tva deponeringshdl. Stela och téta pluggar separerar
sektionerna och sektion 11 fran resten av Aspolaboratoriet.

Ett stort antal borrhdl har borrats for att karakterisera berget. Dessa borrhd kommer att
anvandas for l1angtidsmoniteringen av Prototypforvaret. Manschetter, 1-5i varje borrhd,
inddleras for att mgjliggbraingrumentering av vattentryck och vattenkemi i

borrhd ssektioner. Temperaturgivare gjutsin i vissa borrhdl. Tuber och kablar frén

borrhdl ssektionerna leds till en pardldlt liggande tunndl, G-tunneln, dér tryck och temperatur
méts och vattenprov tas. Hydrauliska tester gors ocksa fran G-tunneln genom ait floda
borrhalsektioner (en i taget) och méta tryckresponserna.

Dennarapport beskriver ingrumenteringen av borrhd i sektion 1.



Executive Summary

The Prototype Repodtory is an internationd, EC-supported activity with the objective to
invedigate, on a full-scae, the integrated performance of engineered barriers and near-fidd
rock of a smulated deep repoditory. This is done in cryddline rock regarding heat evolution,
mechanics, water flow, water chemidry, gas evolution and microbid processes under naturd
and redigtic conditions at gpproximately 450 m depth below the ground surface. The test Ste
is a 66 m long TBM-bored drift from which sx 1.75m diameter depostion holes extended
downwards to about 8 m depth in accordance with the KBS-3 concept. The test Site is divided
in two parts, an inner 40 m long section (Section 1) with 4 depostion holes and an outer
section (Section 1) with two depodtion holes. Stiff and tight plugs will separate the sections
and Section 11 from the rest of the Aspt Hard Rock Laboratory.

A large number of boreholes have been drilled to characterize the rock mass. These boreholes
will be used for the long-time monitoring of the Prototype Repository. Packers, 1-5 in each
borehole, are inddled to facilitate monitoring of the water pressure and water chemidry in
borehole sections. Temperature sensors are fixed in some of the boreholes by grouting the
boreholes. Tubes and cables from the borehole sections are lead to a nearby Gtunnd where
the pressure and temperature are measured and the water is sampled. Hydraulic tests will aso
be performed from the G-tunnd by flowing of borehole sections (one by one) and measuring
the pressure responses.

In this report the instrumentation of Section | is described. In Section 1, 22m long bentonite
packers are used in the long boreholes and mechanica packers of dainless sted are used in
short boreholes. The bentonite packers were made up by compacted bentonite with rubber
coverage. For chemica reasons the bentonite is not alowed to be in contact with the
surrounding water in the rock mass and the packers have a cover made of polyurethane (PUR-
rubber). This rubber aso protected the packers againgt unwanted wetting during transport and
ingallation.

Dilution measurements can be performed in the “circulation sections’. In "flow sections’ the
borehole section can be flowed and the pressure is measured through a separate tube. PEEK
tubes are connected to the “hydrochemidtry sections’ to get a diffuson tight syslem dlowing
sudying the redox conditions. The number of different measurement sections in boreholes in
tunne section | is shown below:

(No of)
Pressure measurement sections: 65
Circulation sections (two tubes): 5
Flow sections (one or two tube-s): 7

Hydrochemica sections: 6
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1 Background

1.1 Aspo Hard Rock Laboratory

To prepae for the location of a dte and licensng of a spent fud repostory SKB has
constructed an underground research [aboratory.

In the autumn of 1990, SKB began the construction of Aspd Hard Rock Laboratory (Aspod
HRL), see Figure I-1, near Oskarshamn in the south-eastern part of Sweden. A 3.6 km long
tunnel was excavated in crystaline rock down to a depth of gproximately 460 m, see Figure
1-2.

The laboratory was completed in 1995 and research concerning the disposa of ruclear waste
in crystaline rock has since then been carried on.

LAXEMAR

0 500 1000 (m)

Figure 1-1 Plan view over Aspé Hard Rock Laboratory.



PrototyRReiository

Figure 1-2 Overview of the Aspé tunnel. The Prototype Repository is located at 450 m depth
below the ground surface. The vertical lines show the elevator and ventilation
shafts from the ground surface.

1.2 Prototype Repository

The Asp6 Hard Rock Laboratory is an essentid pat of the research, development, and
demondgtration work performed by SKB in preparation for construction and operation of the
deep repository for spent fue. Within the scope of the SKB program for RD&D 1995, SKB
has decided to carry out a project with the designation “Prototype Repository Test*. The am
of the project is to test important components in the SKB deep repository system on a full
scde and in aredigtic environment.

The Prototype Repostory Test is focused on tesing and demondrating the function of the
SKB deep repository system. Activities aimed a contributing to development and testing of
the practica, engineering measures required to rationaly perform the steps of a depostion
sequence are dso included. However, efforts in this direction are limited, since these matters
are addressed in the Demondration of Repository Technology project and to some extent in
the Backfill and Plug Tes.

Project plan and project description of the Prototype Repository ae described in Svemar and
Pusch (2000) and Persson and Broman (2000).



1.21 General objectives

The Prototype Repository should smulate as many aspects as possible of a red repostory, for
example regarding geometry, materids, and rock environment. The Prototype Repostory is a
demondration of the integrated function of the repostory components. Results will be
compared with modds and assumptions to their vdidity.

The mgjor objectives for the Prototype Repository are:

To smulate pat of future KBS-3 deep repodtory to the extent possble regarding

geometry, design, materias, condruction and rock environment except that radioactive
wadte is smulated by eectric heaters.

To tet and demondrate the integrated function of the repository components under
redigtic conditions on afull scde.

To develop, test and demondrate appropriate engineering standards and quaity
assurance methods,

To accomplish confidence building as the cgpability of moddling EBS
performance.

The objectives for the characterisation program are:

To provide a basis for determination of location of the deposition holes

To provide data on boundary and rock conditions for enabling the interpretation
of the experimenta data.

1.2.2 Objectives with this report

The indrumentation of the boreholes is done mainly in two stages. Section | was instrumented
during the spring 2001 and Section 11 will be instrumented during the spring 2002, see Figure
1-3. This report describes the insrumentation of Section 1. In Chapter 2, the instrumentation
in the boreholes is described and in Chapter 3-7 the purpose, a concept etc. of the
measurements are briefly outlined.
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Figure 1-3 Schematic view of the layout of the Prototype Repository and deposition holes (not
to scale).



2 Equipment and instrumentation of boreholes

2.1 Overview of instrumentation

During the characterisation of the rock around the Prototype Repository a large number of
core boreholes have been drilled, see Figure 2-1. Most of these boreholes will be equipped
with packer systemsto dlow for:

Pressure measurements

Water sampling

Dilution measurements

Interference tests

Hydro mechanica measurements (HM) and tests

In some of the boreholes temperature measurements will be made. Below is an overview of
the ingrumentation given:

Section | (as made) (No of)
Bentonite packers (1-2 m long, 2-5 packers in each 8-50 m borehole): 49
Mechanical packers (1 in each 2 m borehole, stainless): 16
Pressure measurement sections: 65
Circulation sections (two tubes): 5
Flow sections (one-two tube-s): 7
Hydrochemicd sections: 6

HM sections: 0



Boreholes around the outer plug is planed to be drilled ad indrumented after the
ingrumentation of section 1.

Section |1+ outer plug (as planned) (No of)

Inflatable + Bentonite packers (1-2 m long, 2-5 in each 8-30 m borehole): 55

Mechanical packers (1 in each 1-2 m borehole, stainless): 6
Pressure measurement sections (including measurements around plug): 61
Circulation sections: 9
Flow (one tube): 6
Hydrochemica sections: 0
HM sections (same as circulation sections): 9

G-tunnel +K A3510A01 (planned)

Inflatable packers (1m long, 5 in each 50-150 m borehole): 15
Pressure measurements sections (5 in each borehole): 15
Flow (one tube, KA3510A01): 1
Hydrochemica sections (holes from G-tunndl): 2
Circulation sections (holes from G-tunnd): 2

The tube types between and from packers will be according to below:

Pressure: Polyamide
Groundweter flow (Dilution measurements):

o Circulation (two pipes):  Polyamide

0 Pressure Polyamide
Hydrochemicd

o How: PEEK

0 Pressure Polyamide



G-tunnel

Figure 2-1 View of the drilled core holes in the Prototype Repository. The length from the I-
tunnel to the end of the TBM-tunnel is 90 m. The diamter of the TBM tunnel is Sm
and the diameter of the deposition holes is 1.75 m. The depth of the deposition
holes is 8.37 m in the centre and 8.15 m along the deposition hole wall. The
diamter of the core holes is 76 mm except for the short core holes in the roof of
the TBM tunnel that have a diamter of 56 mm.

2.2 Instrumentation of Section |

2.21 Installation work in the tunnel

Before ingrumentation of boreholes begun, the uppermost 100 mm of boreholes in the tunnel
floor was enlarged to a diameter of 200 mm to house the anchorage of the equipment, see
Figure 2-2. A flange was mounted into the enlargement onto which the equipment will be
anchored. Boreholes on the walls was not enlarge to house the anchorage for the borehole

equipment. The anchorage was mounted directly on the wal covered by a sted plate, see
Figure 2-10.
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Figure 2-2 Borehole enlargement with anchorage for borehole equipment.

A cover plate was mounted at each borehole to protect the locking device and tube endings.

2.2.2 Borehole installation work and final instrumentation

Instrumentation with bentonite packers

Section I will be in operation for a long time, possibly up to 20 years, and there will be no
access to the instruments in the boreholes for a long period. It was decided to develop a new
type of packer that was not dependent of an external pressure to seal-off the borehole sections.
These packers were made of compacted bentonite with rubber coverage. For chemical reasons
the bentonite is not allowed to be in contact with the surrounding water in the rock mass and
therefore the packers have a cover made of polyurethane (PUR-rubber). This rubber also
protected the packers against unwanted wetting during transport and installation. After
installing all packers in a borehole, the compacted bentonite was wetted to make it swell and
expanded against the borehole wall. This packer system was used in 14 boreholes with a
length between 12 and 50 meters in the tunnel floor and the walls.

Two types of bentonite packers were used, see Figures 2-3 and 2-4. The type A was used with
a seal length of one or two meters while the type B was used with a seal length of one meter.



Connection for packer
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Water-filled space [ |

Supply port for water to the
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_:\
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Type A TypeB

Figure 2-3 Bentonite packers.

Except for the two lead-throughs used to saturate the bentonite with water, the type A packer
can have up to Sx hydraulic lead-throughs and the type B packer can have eight. The typeB
packer was only used in the outermost postion in four boreholes. In the type A packer, the
centre pipe was filled with water supplied to the filter socket surrounding the bentonite
through a number of holes. In the type B packer the inflation water was supplied through a
tube and two ports welded on the inner pipe. The lead-through were either made by 6/4 mm
danless sed pipes or 1/8'/2 mm PEEK tubes. PEEK tubes were used for the sections
intended for hydrochemica sampling. All tubes between the packers, building hydraulic lines
for pressure measurement and circulation purposes, were made by polyamide with the
dianeter 6/4 mm (type Tecdan). The lines to the sections intended for hydrochemica
sampling were built up by 1/8"/2 mm PEEK tubes.
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Figure 2-4 Bentonite packers.

Due to the expected high temperature near the deposition holes two boreholes (KA3574A and
KA3576A) were equipped with stainless steel pipes instead of polyamide tubes.

In some sections used for circulation or hydrochemistry sampling purposes a dummy,
see Figures 2-5 and 2-6, was installed to reduce the water-filled volume of the section.
Depending on the purpose the dummies were made either by high-density polyethylene
(circulation sections) or PEEK (hydrochemistry sections) material. The dummy consists of
two parts, to be positioned around the centre rod.
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Figure 2-5 Dummy.

The packers were inserted into the borehole with @ 20 mm massive stainless steel rods. A
special designed manual hoisting rig, see Figures 2-6 to 2-8, was used to insert the equipment
into the boreholes. When the packers were at their correct position the equipment was
attached to a locking device mounted on the tunnel wall at the borehole collar. Before
insertion, the equipment was cleaned with a cleaner delivering hot steam (100 °C) at high
pressure.
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Figure 2-6 Rig for the bentonite packer and the dummy installation.



Figure 2-7 Rig for the bentonite packer installation.
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Figure 2-8 Rig for the bentonite packer installation.

To expand the packers, water was filled into the system with the help of a pressure vessel (one
vessel per borehole) and nitrogen gas. To be able to follow the wetting process standpipes
were mounted on the vessels. After de-airation, one of the two tubes circulating water to the
bentonite packers was plugged and the water in the system was to be held at a pressure of
approximate 10 bar until the water level in the pressure vessels was stabilised. This was
expected to take 2 - 3 weeks and thereafter the other tube was cut and plugged. To ensure a
good control over the wetting process the expansion was performed in two rounds with seven
boreholes in each. During the expansion period, the level in the pressure vessels was
measured and after completion, the flow from different borehole sections was measured. An
evaluation of these figures was performed to ensure, as far as possible, that the packers had
been inflated.

The instrument configuration for the boreholes provided with bentonite packers is summarised
in Table 2-1 and illustrated in the instrumentation drawings found in Appendix 6.
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Table 2-1 Instrumentation configuration. “Lead-through”: pipes between the packers.

Borehole:sec Sec.length | Typeof | Typeof | Packer Lead-through
(m) section | dummy | length (no:diameter:type)
KA3563G:1 15-30.01 P 2m 1:6/4:PA
KA3563G:2 10-13 P 2m 2:6/4:PA
KA3563G:3 4-8 P 1m 3:6/4:PA
KA3563G:4 15-3 P,C HD 1m 6:6/4:PA
KA3566G01:1 235-30.01 P 2m 1:6/4:PA
KA3566G01:2 20-215 P,C HD 2m 4:6/4:PA
KA3566G01:3 12-18 P 2m 5:6/4:PA
KA3566G01:4 73-10 P 1m 6:6/4:PA
KA3566G01:5 15-6.3 P,F 1m 8:6/4:PA
KA3566G02:1 19-30.1 P 1m 1:6/4:PA
KA3566G02:2 16-18 P,C HD 2m 4:6/4:PA
KA3566G02:3 12-14 P 1m 5:6/4:PA
KA3566G02:4 8-11 P 2m 6:6/4:PA
KA3566G02:5 13-6 P,F 1m 8:6/4:PA
KA3572G01:1 7.3-12.03 P 2m 1:6/4:PA
KA3572G01:2 27-53 P,C HD 2m 4:6/4:PA
KA3573A:1 26— 40.07 P 2m 1:6/4:PA
KA3573A:2 21-24 P,F 2m 3:6/4:PA
KA3573A:3 145-19 P 2m 4.6/4:PA
KA3573A:4 105-125 P,F 2m 6:6/4:PA
KA3573A:5 13-85 P 1m 7:6/4:PA
KA3574G01:1 8-12.03 P 1m 1:6/4:ST
KA3574G01:2 51-7 P 1m 2:6/4:ST
KA3574G01:3 18-41 P,C HD 1m 5:6/4:ST
KA3576G01:1 8-1201 P 2m 1:6/4:ST
KA3576G01:2 4-6 P,HC PE 1m 2:6/4:ST, 1:1/8"/2:PE
KA3576G01:3 13-3 P 1m 3:6/4:ST, 1:1/8"/2:PE
KA3578G01:1 6.5—-1258 P 1m 1:6/4:PA
KA3578G01:2 43-55 P,HC PE 2m 2:6/4:PA, 1:1/8"/2:PE
KA3579G:1 14.7—-22.65 P 1m 1:6/4:PA
KA3579G:2 125-137 P 1m 2:6/4:PA
KA3579G:3 23-115 P 2m 3:6/4:PA
KA3584G01:1 7-12 P 2m 1:6/4:PA
KA3584G01:2 13-5 P 1m 2:6/4:PA
KA3590G01:1 16—-30 P 1m 1:6/4:PA
KA3590G01:2 7-15 P FF 1m 4:6/4:PA
KA3590G01:3 13-6 P,HC 1m 5:6/4:PA, 1:1/8"/2:PE
KA3590G02:1 255-30.01 P,F 2m 2:6/4:PA
KA3590G02:2 152-235 P 2m 3:6/4:PA
KA3590G02:3 11.9-132 P,HC PE 2m 4:6/4:PA, 1:1/8"/2:PE
KA3590G02:4 1.3-99 P 1m 5:6/4:PA, 1:1/8"/2:PE
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Borehole:sec Sec. length | Type of | Type of | Packer Lead-through
(m) section | dummy | length | (no:diameter:type)
KA3593G:1 25.2-30.02 P 1 m 1:6/4:PA
KA3593G:2 23.5-24.2 P, HC PE 1 m 2:6/4:PA, 1:1/8"/2:PE
KA3593G:3 9-225 P 2m 3:6/4:PA, 1:1/8"/2:PE
KA3593G:4 3-7 P,F 2m 5:6/4:PA, 1:1/8"/2:PE
KA3600F:1 43 -50.1 P 1 m 1:6/4:PA
KA3600F:2 40.5 -42 P, HC PE I m 2:6/4:PA, 1:1/8"/2:PE
KA3600F:3 20 —-39.5 P 2m 3:6/4:PA, 1:1/8"/2:PE
KA3600F:4 1.3-18 P I m 4:6/4:PA, 1:1/8"/2:PE
Type of section: Materials:
P Pressure measurement PA  Polyamide
C  Circulation possible ST  Steel
HC Hydrochemistry sampling PE PEEK
F Flow HD HDI1000 (High Density Polyethylene)

After finalization of instrumentation the borehole was covered with a steel plate in the tunnel
floor or a steel box on the tunnel wall, see Figures 2-9 and 2-10.

R

R

LN

Figure 2-9 Tunnel-floor borehole covered with steel plate.
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Figure 2-10 Tunnel-wall borehole.

Instrumentation with mechanical packers

Sixteen short boreholes (2 m) in the tunnel roof were equipped with mechanical packers, see
Table 2-2, Figures 2-11 to 2-13. After insertion into the hole, the pulling of a nut on the centre
pipe expanded the packer. Since these holes were directed upwards, the de-airation required
an extra lead-through connected to a tube ending in the innermost part of the borehole. The
de-airation will be made during the backfilling and in boreholes with very little flow one must
de-air by filling water through the outer tube.
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Table 2-2 Boreholes instrumented with mechanical packers (“Inclination”: inclination
of the borehole.).

Borehole Borehole | Inclination (°)
length (m)

KA3563A01 2.06 -1.7
KA3563D01 | approx. 2 2.8
KA3563101 2.15 73

KA3566C01 2.1 3.5
KA3568D01 2.3 -2.3
KA3573C01 2.05 349
KA3574D01 2.05 12.6
KA3578C01 2.09 -5.4
KA3578H01 1.9 59.1
KA3579D01 2 -1

KA3588C01 2.04 -4

KA3588D01 1.9 -1.8
KA3588101 1.96 65.6
KA3592C01 2.1 4.4
KA3597D01 2.22 3.1

KA3597H01 2.06 55.1

20
Mansch. inspand
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Expansion nut Lead through Rubber packer

Figure 2-11 Mechanical packer.



Figure 2-12 Mechanical packer.
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Figure 2-13 Mounted mechanical packer.

In Figures 2-14 to 2-17, the boreholes with monitoring sections in Prototype Repository
Section I are shown. The colours along the boreholes indicate a packer or the type of
measurement section:

GREY, wide cylinder: Packer

NO COLOUR: Pressure section (P)
RED: Hydrochemical section (HC) + P
YELLOW: Flow section (F) + P
GREEN: Circulation section (C) + P
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Figure 2-14 Boreholes with monitoring sections in Prototype Repository Section 1.

Figure 2-15 Boreholes with monitoring sections in Prototype Repository Section 1.
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Figure 2-16 Boreholes with monitoring sections in Prototype Repository Section 1.

Figure 2-17 Boreholes with monitoring sections in Prototype Repository Section 1.
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Instrumentation of holes for temperature measurements

The purpose of the temperature measurements is to verify predicted temperature values and to
endble andyses of rock thermd properties (therma conductivity, heet capacity and therma
diffusivity). Therma properties are obtained primarily for the dominant the rock type Aspo
diorite. In addition, the temperature will be measured in the deposition holes.

The measurement of the temperature in the rock is made in 37 points, between the depostion
holes and radidly from the tunnd. Eight boreholes were drilled, see Table 2-3. Sx of the
holes are verticd and 10 meter deep, while two are sub-verticd towards the South from
DA3575G01.

The sensors were mounted on rods with low therma expanson. Sensors and cables were
protected against moisture and water intruson, as well as mechanical ware. Cement paste was
used to secure good contact between the sensors and the borehole wall and to prevent from
hydraulic connection aong the boreholes.

In Figures 2-18 to 2-21, the temperature holes are shown.

Table 2-3 Boreholes for temperature measurements.

Borehole Length (m) Inclination | Sensors at borehole depth
to vertical (m)
plane (°)
KA3571G01 10.00 0 05,25,49,7.3,100
KA3575G06 13.80 22 27,53,84,138
KA3575G07 14.70 58 47,92, 147
KA3577G01 10.00 0 05,2549 73,100
KA3578G02 10.00 0 05,2549 73,100
KA3589G01 10.00 0 05,25,49,7.3,100
KA3592G01 10.00 0 05,25,49 73,100
KA3597G01 10.00 0 05,25,4.9, 7.3 100
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Figure 2-18 Temperature holes in Tunnel A.

Figure 2-19 Temperature holes in Tunnel A.
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Figure 2-20 Temperature holes in Tunnel A.

Figure 2-21 Temperature holes in Tunnel A.
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Connection to lead-through holes

All instrumentation tubes were finally lead to lead-through holes, see Figures 2-22 and 2-23,
connecting Tunnel A to Tunnel G. In the G-Tunnel the instrumentation, panels with
transducer etc. are situated.

Figure 2-23 Lead-through holes.
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3 Pressure measurements

3.1 Introduction

The hydraulic properties of the rock, geometry of tunnels and depodtions holes, water
pressure far away from the tunnels and the hydro-mechanica properties of the backfill and
buffer govern the saturation of the buffer and backfill. It is important to measure the weter
pressure in the rock for the interpretation of the measurements in the buffer and backfill and
to sample data useful for the modelling of the saturation process.

3.2 Measurements in the boreholes

As shown in Chapter 2 a large number of boreholes will be insrumented with one or severa
packers. In al packed-off sections, the water pressure will be measured. Each borehole
section is connected to a tube of polyamide that via lead-through holes ends in the G-tunnd.
All pressure transducers are placed in the G-tunnd to facilitate essy cdibration and exchange
of transducers that are out of order. The transducers will be connected to the HMS system at
Aspd Laboratory and it will be a flexible system for changing the sampling frequency. The
maximum scan frequency is 1/second. During periods with no hydraulic tests, preiminary the
sampling (gtoring a vaue in the data base) frequency will be 2hour with an autometic
increase of the sampling frequency if the pressure change since lagt regidration is larger than
2kPa. During hydraulic tests, the sampling frequency may be up to 1/second.

3.3 Modelling

The pressure measurements will be important for the numerical modelling of the rock meass,
buffer and backfill. The fird messured data will be useful for defining the initid conditions
and the continuous messurements will be useful for future comparison with any predictive
moddling involving the rock mass around the Prototype Repostory. The pressure
measurements during hydraulic tests will dso be useful for cdibrating and testing the models
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4 Dilution measurements

4.1 Introduction

Groundwater flow rate is one part that governs the transport of solutes and thus plays a role
for the hydrochemical evolution of the groundwater. Groundweter flow rate is difficult to
measure in a fractured media but the available technique can provide good indications of
hydraulic connections if the hydraulic dress fidd is changed (with a hydraulic test for
example) and can aso provide gpproximate flow rates in the rock mass.

4.2 General principles

The groundwater flow in a saturated geologicd formation can be edimated from dilution
measurements, see for example Halevy et a. (1967), Drost et a. (1968), Gaspar and Oncecu
(1972) and Gustafsson (1986). Equation 41 is generdly used for esimating the groundwater
flow (filtration velocity or Darcy velocity). It has been developed for porous media but is dso
used to evduate dilution measurements in fractured rock. In Figure 4-2, the dilution curve is
illustrated.

—axg+qg, +qg, = Vxlnaecg (41
th Xq qD qR Axt gC_OB

qon . Tracer dilution velocity in the borehole section (m/s)

a.  Correction factor for the hydrodynamic field distortion (-)

q . Hiltraion velocity in the formation (nvs)

go . Apparent velocity due to molecular diffusion of the tracer (m/s)

gr: Apparent velocity due to effects of vertical current, mechanica mixing etc. (m/s)
V:  Dilution (water and tracer filled) volume of the borehole section ()

A:  Theareaof the dilution (messuring) volume cross-section ()

t: Time (9

C:  Tracer concentration at time ¢ (kg/nT)

Co:  Tracer concentration at time =0 (kg/nT)

It should be observed that g in equation 41 is dso cdled “Darcy velocity” and should not be
confused with the actud transport velocity. The transport velocity is dependent of the
kinematic porogity and the transport velocity can thus in crygaline rock be 100 to 10000
greater than g.

The assumption made in equation 4-1 is that the groundwater flow is perpendicular to the
borehole section, see Figure 4-1. The flow gr can generdly be neglected and the lower
measuring limit is then governed by the molecular diffusion of the tracer. The parameter d
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depends on the permesbility distribution around the borehole. If the permesbility is congtant
around the borehole 4=2. If the permedbility is much greater within radius (r2) of about 5
times the borehole radius (r1) compared to outside r,, ¢ becomes about 4. If the permegbility is
less within radius B compared to outside B, ¢ may become less than 1. It is assumed that the
tracer is perfectly mixed in the borehole section. It is necessary that the circulation-flow rate
(Qm) of the tracer is much greater than g LA to keep the borehole section well mixed. The
time needed for a measurement can be decreased if the volume V¢ decreases. By using
“dummies’ (massve cylindricd bodies with volume Vy) in a borehole section (with tota
borehole volume V) V¢ decreasesto V-Vy.
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Figure 4-1 Schematic description of dilution measurements. To the left: Flow in fractured
crystalline rock. To the right: Ground water flow in a porous medium. L: length of
test section. d: diameter of the borehole section. D,": Effective diffusion
coefficient of the rock matrix. D] Effective diffusion coefficient in the fractures.
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Figure 4-2 Schematic description of a dilution curve. A: Homogenisation in the borehole
section. B: Curve used for evaluation of qpn.

Apparent velocity due to molecular diffuson of the tracer can be estimated by equation 4-2
(Haevy et d, 1967).

_P>xD,

ry

9p (4-2)

go: Apparent velocity due to molecular diffusion of the tracer (m/s)
De.  Effective diffusion coefficient of the tracer (n/s)
r1 . Radiusof boreholein test section (m)

If go can be cdculated, it should be included in equation 4-1 when cdculaing ¢g. However, it
may be difficult to estimate D for a particular borehole section.

4.3 Measurements in the boreholes

According to Byegard et d. (1998) the effective diffusion coefficient for the rock matrix of
Aspd diorite is in the range 4010 — 1 010*® nt/s Diffuson coefficiert of a tracer in water
with an ionic strength less than 0.5 and atemperature of 20-25 OC is about 1010° — 2010°° nf/s.

The measured transmissivities (T) of test sections with 1 or 3 m length (L) in the Prototype
Repository are in the range 1010*? — 5010 nf/s (Rhén and Forsmark, 1998a,b, Forsmark and
Rhén, 1998a). The transport aperture is expected to be in the order of 10° — 102 min a test
section with 1 or 3 m length (Rhén et d, 1997). Edtimated mean flow porosty (n) and
effective diffuson coefficient of a tet section are edimaed in Table 4-1. Hydraulic
conductivity estimated as T/L. Apparent velocity due to molecular diffuson of the tracer,
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caculated according to equation 4-2, is dso shown in Table 4-1. Bore diameter assumed is
76 mm.

The hydraulic gradient in the near fidd of the open tunnd is in the range 10-25 (Forsmark and
Rhén, 19984). It is expected that the hydraulic gradient may be as low as 1-0.1 during the
operation phase according to Svensson (2001).

Table 4-1 Estimated mean flow porosity and effective diffusion coefficient as function of
transmissivity of a borehole section with length 1-3 m.

Hydraulic Estimated range for | Estimated effective | Apparent velocity
conductivity (K) flow porosity (n.) diffusion coefficient due to molecular
D.) diffusion of the
tracer (¢p)
(m/s) () (m’/s) (m/s)
101° 5010°-10* 10 -10" 10*?—10""
10°® 10°-5010" 10**-5010"° 10*?—5010"!
10° 10“-5010° 103501012 10! 501010

Table 4-2 Estimated filtration velocity (q) with assumed hydraulic conductivity (K) and

hydraulic gradient (i).
Hydraulic Hydraulic gradient | Estimated filtration
conductivity (K) (i) velocity (¢q)
(m/s) (m/s)
10%° 10 10°
10%° 0.01 10"
10°® 10 10”7
10°® 0.01 10%°
10° 10 10°
10° 0.01 10°®

Egtimated time for dilution messurements is shown in Figure 4-3. According to Table 41, the
lowest filtration velocity that can be estimated is about 10 mys, assuming that q should be
some 10 times greater than ¢gp and that it is a sngle fracture (low totd flow porogity). As can
be seen in the figure the lowest filtration velocity that can be estimated within reasonable time
is about 10°%° mys. According to Tables 4-1 and 4-2 it should be possible to measure flow rates
in sections with K around 101-10"2° m/s in before, or just in the beginning of, the operation
phase of the Prototype Repository and in sectionswith K around 101%-10° nvs.



Only a few sections will be measured according to Chapter 2 but the measurements should
indicate the magnitude of the flow rates and to some extent the variability of the flow rates.
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Figure 4-3 The time interval, for 0.1, 0.5 and 0.9 of the initial tracer quantity takes to be
carried through borehole out of the formation, for different flow velocities in a
borehole section with diameter 76 mm. V: total volume of borehole section. V.

Volume of dummy and other space filling parts in the borehole section.

4.4 Modelling

The dilution measurements will be useful for the numericd moddling of the rock mass. The
firsds messured data will to some extent be useful for cdibration of the modd and the
continuous measurements will be ussful for future comparison with any predictive moddling
involving the rock mass around the Prototype Repository.
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5 Hydrochemical sampling in the boreholes

5.1 Introduction

Both the chemicd dability of backfill materid and the corroson rate of the canisder are
important areas of uncertainty in repository safety and performance assessment. These are
processes that depend on the hydrochemicd characteristics of the near fidd. The solubility
and migration characterisics of severd radio nudides are dso highly dependent on the
chemica compostion of the groundwater. Other factors affecting radio nuclide mobility are
the hydraulic and minerdogica properties of the rock. A suitable description of the chemica
environment is required in order to demonstrate the proper function of the engineered barriers
of the Prototype Repository.

Micro organisms have the capability to reduce important groundwater components such as
sulphate to sulphide and to produce and consume gases. Reevant microbid reactions should
be included in the performance assessment for a HLW repository. The Prototype Repostory
will not be a deile environment and microbid ectivity that influence the hydrochemicd
gtuation mug, therefore, be studied.

The objectives for the hydrochemicd sampling program, which is discussed in Puigdomenech
and Pedersen (1999), are:

Monitoring the chemical/microbia function of the Prototype Repository
Veification of chemica/microbiologicd Modds & Hypotheses
Effect of temperature field on groundwater-rock interactions
Bentonite redox chemistry
Microbes
Colloids
Redox

Bentonite packers could possbly induce massve contamingtion of the Prototype near fied
with bentonite colloids, and this would jeopardize the chemicd monitoring. Therefore,
boreholes were ingrumented with bentonite packers where the bentonite was enclosed in
rubber containers, cf. Section 2.2.2.

To dudy the redox conditions it is important to prevent O, from diffusng into the sampling
sysem. By usang PEEK in the tubes the sysem is expected to be diffuson tight. Redox
conditions will be sudied in sx sections. It will be possble to sample other sections but only
through polyamide tubes.
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5.2 Sampling in borehole sections

Sampling will be made close to the depostion holes and up to about 50 m from the TBM
tunnd. The sampled section will have transmissvities ranging from 10'° — 10° nf/s The
location of these sampling points for hydrochemisiry (HC) isdescribed in detall in Table 2-1.

In dl sections for hydro chemicd sampling, al tubes going through the section will be of
danless sed. Sampling tubes will be made of PEEK and if there is a separate tube for
pressure measurements in the hydrochemistry section, it will be made of polyamide.

Water samples can easly be taken from flow sections (F) and circulation sections (C).
Separate vaves on some of the pressure tubes in the G-tunnd coming from the borehole
sections where only pressure is measured will make it easy to take water samples from those
sections.

The end%/s& will be done a levd Class 4 in accordance with SKB's dassfication, which
indudes “H and 80O determinations. C and S isotope analyses and redox sensitive HS™ and
NH; will be done routindly. At the closure of the Prototype Repostory the hydro chemistry
sectionswill be sampled every week and later on every 6 months.

In the case of packed-off sections for flow measurements, chemicd sampling and anadyses
will be peformed a levdl Class 3 with supplement andyses of ?H and '®0. During the
operation of the Prototype Repository, activation sampling will take place every week and
later on after consideration.

5.3 Modelling

The am of the moddling is to determine possble heat-up effects on hydraulic flows and
chemicd reaction rates, as wdl as effects from the backfill bentonite on the chemicd
composition and colloid content of the near-fidd groundweater. Predictive mode results will
adso be used to check the vdidity of the modd formulation, and of the thermodynamic
databases.

Geochemicd moddling will concentrate on the data collected from the near-fidd double
packer sections before the backfilling of the Repostory, and during operation. The time-span
between the activation of Section | and the expected delivery of predictive moddling results
is only a couple months. This precludes the utilization of the time-series data from the backfill
sampling in predictive modelling. Nevertheess, comparisons between the results of predictive
models and measured data should be finished by summer 2003.
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6 Flow sections

6.1 Introduction

A large number of hydraulic tests have been performed in the boreholes around the Prototype
Repository in order to characterize the hydraulic properties of the rock mass. During the
operation of the Prototype Repository interference tests will be mede using different flowing
borehole sections. The interference tests will be repested a number of times during the
operation period. A few borehole sections consdered to be more suitable for flowing have
been indrumented with one or two tubes for flowing and a separate tube for pressure
measurement.

Beddes facilitating hydraulic tests, the flowing sections make it easy to take water samples
for chemicd andyss.

6.2 Sampling and hydraulic tests in borehole sections

For the long-time hydrogeologicad monitoring, plagtic and sed tubes will be used to endble
the process of taking water samples for chemica anayses and hydrogeologica tests. The flow
in tubes depends on the tube diameter and the friction coefficient of the tube wal. The
cdculations below indicate the possble flow rates with different tube diameter.

The tubes in the long-term test are about 100 m long. The pressure head between the inflow
(pressure in packed-off section) and the outflow is expected to be aound 300 m. The
temperature in the water is assumed to be between 15°C and 50°C, which gives a kinematic
viscosity varying between 1.141*10° nf/s and 0.556*10°° n/s. The tube wall is assumed to
be smooth. With these facts in the energy equation, the predicted flow was cdculated for three
different tube diameters 1 mm, 2 mm and 4 mm. The results from the cdculations are
presented in Table 6-1.

In the tube with 1 mm inner diameter laminar flow will devdop and in the tube with 4 mm
inner diameter, turbulent flow will develop as in the 50°C water in the 2 mm tube. However,
with 15°C water in the 2 mm tube a complicated stadium of something between laminar and
turbulent flow will develop. In this case, the outflow has been calculated asif turbulent.

Theflow in the I-mm tube is only 2 % of the flow in the 4 mm tube and the flow in the 2 mm
tube is 10-15 % of the flow in the 4 mm tube.
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Table 6-1 The table presents the results from the calculations. Q stands for flow rate, Re
stands for Reynolds’s number, T,a¢.r stands for the water temperature in the

rock and Dtube stands for the inner tube diameter.

Diube=1mm Diybe= 2 Mm Diybe=4 mm
Q (nv/s) 6,3*10°" 51*10° 35+10°
Twae= 15°C Q (I/min) 0,038 0,308 2,077
Re 700 2900 9500
Q(nv/s) 9,7¢10" 58¢10° 51*10°
Twater=50°C Q (I/min) 0,058 0,348 3034
Re 1650 6600 29000

6.3 Modelling

Hydraulic tests and geologicad characterization made up to Spring 2001 are the base for
setting up numericd groundwater flow modds. Interference tests made before year 2000 can
be used for cdlibration of the models. Interference tests made during the operation period may
be used for comparison with predicted responses to gain confidence in the modes. The
repeated interference tests may indicate changes in the hydraulic responses which then may be
useful for assessing the THM behaviour of the rock mass,
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7 Temperature measurements

7.1 Introduction

The thermd properties of the rock, geometry of tunnels and depositions holes, the undisturbed
temperature, therma properties of the backfill and buffer and the heat generated in the
canisers govern temperature evolution in the rock mass, buffer and backfill. It is therefore
important to measure the temperature in the rock for the interpretation of the measurements in
the buffer and backfill and to sample data useful for the modelling of the thermal process.

7.2 Measurements in the boreholes

As shown in Chapter 2 a few boreholes will be instrumented with severd measuring points.
These measuring points will manly serve to confirm that the therma modds behave as
expected, as the thermal process and moddlling is considered well known.

7.3 Modelling

The temperature measurements will be important for the numericd modeling of the rock
mass, buffer and backfill. The firs messured data will be ussful for defining the initid
conditions and the continuous measurements will be useful for future comparison with any
predictive moddling involving the rock mass around the Prototype Repository.
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APPENDIX 1

Monitoring configuration of boreholes in tunnel section |

The diagram " Distribution of hydraulic conductivity” shows results from investigations
detailed in Rhén and Forsmark (1998a,b) and Forsmark and Rhén (1999b). The bars show
estimates of hydraulic conductivity K. of sections in each borehole based on flow logging,
using adouble-packer system, done in the borehole after the completion of drilling.

The entire borehole was tested during a pressure build-up test and if radia flow occurred the
evauaion of the transmissvity (T,) was made using a radia flow mode (Jacob semi-
logarithmic evauation). In some of the holes radid flow could not be identified and a
relationship for transforming the specific capacity to a transmissivity vaue presented in Rhén
et a. (1997) was used. See Rhén and Forsmark (1998a,b) and Forsmark and Rhén (1999b) for
details.

The flow rate Qs Of the section were used to scale the evaluated whole borehole
transmissvity T, t0 get a section transmissivity T USiNg the equation below:

Tsec = [Qsec ' Ttot ] / Qtot
Quot isthe flow rate of the whole borehole
The transmissivity value was later divided by the section length to get the estimate of K.

Some of the borehole sections were tested separately with a pressure build-up test (parts of the
borehole with higher inflow rates) and reported in the references above. In most cases these
results are similar to the T Values, but in some cases a difference occurs.

In a few boreholes it was never performed flow logging with a double packer system. In these
cases the cumulative flow (L/min) measured with the UCM flow logg is shown in the figures.

The diagram “Distribution of natural open fractures” shows the result of the analysis of
studying BIPS images of the borehole walls. BIPS (Borehole Image Processing System) is a
borehole-TV system. The purpose is to indicate where potential water-bearing fractures may
be located in the hole. From the image an approximate mean width is estimated. If the fracture
is judged open, but less than 1 mm wide the width has been set to 1 mm. It should be observed
that the width interpreted from the images can not be used as a hydraulic effective aperture.

The packers in the holes are mounted on and positioned by a solid rod as indicated in the
diagrams showing the monitoring configuration.
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Riod type ; =

Rodza2m:
Rods &1 m:
Rods&05m;
Rods& 0.3m:
Rods 4 02m:
Rods& 0.1 m:

f B T o R e

KA3563G - BOREHOLE INSTRUMENTATION

Borehole {%ngth (m)

30

g

Packer type: Bentonite

Mumber of pipes
| Steel | FEEK |
(pESmm BN MM E2Z mm

| Tupesi|

S S T

|z
fop-L)
AgpZ
AT |

| a7

| ARl 1

| a5z 1

Ak

| a4z |
El-1h| | om

Etp-1h [ g |

e | | | | [

5 25
L R R S R S
a7z 852
3 g 13
4 10 13
4 10 RE
g 13 | 30m
P P P
s s -
1 1 g1
1 i o
1 1 k1]
d d o
u u o
g g 0
H———K
Amy |l | (m)
028 100|025
025 200 025 T of pipe/section Dummy material
7| |P:Pressure PE : PEEK
Jbes 1m0 03¢ Circulation HD : HD1000
025 zo0 | 025 | |F:Flow )
025 100 028 HM : Hydromechanical Pipe
! { measurement « : Plug (unused
|nz8 200 |02 [HC : Hydrochemistry pipe through packer)
025 100 | 0325 sampling w : End point
T T T 1 T : Temperature ) X
025 200 | 0E ) IN:Nomeasurements Eﬁ%‘;ﬁd
0,25 1.00] 0,25 G : Grouted section :
T 1 T | ST: Steel
025 zOD | 025 Packertype PE : PEEK
03 100 0z H: Hydraulic Rod type
el ~—— | |B:Bentonite S: Steel
L L 92 /1| M: Mechanical A: Aluminium

ﬁ VIR V8K
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PACKER POSITION
Borehole name: KA3566G01 Date design: 2001-06-14
Borehole diametre: 76 mm Name: TEK
Borehole length: 30.01 m Remark:

Borehole inclination: 45° down

Distribution of hydraulic conductivity

1E-3
1E4
1E5
© 1E-6
c 1E7
= 1E8
o 1E9
X 1E-10
1E-11
1E-12
1E-13
0 5 10 15 20 pis) 30
=5 Distribution of natural open fractures
£ 4
S
- 3
s 2
21
= I | I N T Y B |
0 5 10 15 20 5 30
Borehole length (m)
0 5 10 15 20 pis) 30
1 1 1 I 1 1 1 1 1 I 1 1 1 I 1 1 1 1
1
||
|
P
[ 1 n
 Section zecup 1.5 73 12 20 235
Section sechow ; B3 10 15 215 | 30m
Type of section : PP P P | :Re P
| Type of dummy : - - - HD -
| HM anchor Sectp - - -
. Hi anchar seclow | - - -
Type of measurement section Type of dummy
P : Pressure PE : PEEK
C : Circulation HD : HD1000
F: Flow
HM : Hydromechanical measurement PACKER
HC : Hydrochemistry sampling
T : Temperature
N : No measurements .
G : Grouted section i ' DUMMY
g

. S
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. £  KA3566G01 - BOREHOLE INSTRUMENTATION
T 2 5
5 2 o O Borehole length (m)
8 8 g 0 5 15 25
S A £ kb M IR L0
PA 6/4Amm P g
PA 6/4mm P g
(o]
3]
[&]
Q
2
[2]
[
PA 6/4 mm P e
PA 6/4mm C @&—H
PA 64mm C g
1
PA 6/4 mm P a—t
PA 6/4mm P &—h
PA 64mm P g
PA 64mm F g
PA 64mm P @o—h
1
L - .
Packer type © B10-1 | A | AE2
Secup: 0.5 . B3 -]
Seclovy 1.5 7.3 12
Section secup R 73 & _ 25
Section seclow | B3 10 | =48 | 215 | 30m
Typee-of section : | PR P | R | R | P
Type of dummy | L= = L= | HO -
| HM anchor secup - Lo = - L= L=
| A anchor seclow - = = | b= fii—=
=i, seclovw - 0z
Rodholders,seciow 0.2 ) )
Riod type ; s S s =
Rumlz a2 m: 2 1 2 ft] a
Rodz &1 m: ] n 1 1 n
Rods&05m; 0 E1] 1 ki 0
Rods& 0.3m: 1 n [l 0 0
Rods & 02m- 0 1 0 0 0
Rodsd. 09 m: 0 1] 0 0 o
Packer type: Bentonite :-:
H———F
j Type Mumber of pipes . . . .
| Steel | PEEK | | | | |
GBS mm b B mm EE mm {mi m) [mJ:
L) a1 | o | I L L E
AB-2 1 7 026 2.00 .25 Type of pipe/section Dummy material
| | | | i P : Pressure PE : PEEK
Adpel | ! L (e 1 02 c Cirulation HD : HD1000
B8p-2 | 7 ] 025 200 025 F :Flow )
&7 7 0,25 100 025 HM : ':qyg;;}r‘;}":‘r:‘t'w' ELD% lug (urused
[ | oz 1 X T 1 © « - Plug (unus:
| AT 7 (02w 200 0Es HC : Hydrochemistry pipe through packer)
£5-1 1 4 0.25 100 025 samping w  End point
Lesz 4 loz5  zon  ops|| | :Temperature i i
: : L =[N :No measurements Bipe material
a1 4 025 100 025 G : Grouted section PA : Polyamid
P : e (e g ST: Sted
LA N | (Des 200 025 ||| Packertype PE : PEEK
Ef0-1b 0 03 100 0.2 '; : I;e}/drau_lic Rod type
i | | I | CER| | : Bentonite S: Steel
EHOp-1b | S LA 0z M : Mechanical A : Aluminium
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PACKER POSITION
Borehole name: KA3566G02 Date design: 2001-06-14
Borehole diametre: 76 mm Name: TFK

Borehole length: 30.01 m

Borehole inclination: 44° down Remark

Distribution of hydraulic conductivity

1E-3
1E4
1E-5
@ 1E-6
c 1E7
‘.’_ 1E-8
o 1E9
X 1E-10
1E-11
1E-12
1E-13
0 5 10 15 20 25 30
=5 Distribution of natural open fractures
= 4
S
— 3
= 2
he]
= 1
e 1| N N N N O N 0 1 Y
0 5 10 15 20 25 30
Borehole length (m)
0 5 10 15 20 25 30
1 1 1 I 1 I 1 1 I 1 1 1 1 I 1 1 1 1
==
I
I
|
=
|
I
|
| _
 Sedtion secup: 15 ] 12 16 19
Section zeclow B |t |14 I L |30
Type of section : | "B | B | B | sBE | B
| Typeofdummy : - - [ = | HD [[=
| HM anchor Sectp I_= I I I
HM anchar zeclow | Lo L= | L=
Type of measurement section Type of dummy
P : Pressure PE : PEEK
C : Circulation HD : HD1000
F: Flow

HC : Hydrochemistry sampling
T : Temperature

N : No measurements

G : Grouted section

HM : Hydromechanical measurement
I PACKER

1

DUMMY

-1
1
1
1
[}
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2 2 Material

PA
PA
PA
PA
PA
PA
PA
PA

. £
£ g o
a 2k
6/Amm P g
6/4Amm M @
o]
e
@
o]
e
o
e4mm P @GP
6/4 mm C o—H
64amm C 9_:
6/4 mm P a—t
6/4mm P @—*h
6/4 mm P g_:
6/4 mm F o—H
64mm P e—:

KA3566G02 - BOREHOLE INSTRUMENTATION

Borehole {%ngth (m)

30

Packer type - B10-1 b
Becup: 05
Seclow D 1.5

Secﬁ.on SECUR
Section seclow
Type of section :
Type of dummy ;

HM anchioe secup -

Hi anchaor seclos

=i, seclovw -
Rodholders,seciow

Riod type ;

Rodza2m:
Rods &1 m:
Rods&05m;
Rods& 0.3m:
Rods 4 02m:
Rods& 0.1 m:

b R e T e e o T

| Ag2

5

5
:
11
P
=
1
u]
1
0
0
0

Packer type: Bentonite

| Tupie: |

Mumber of pipes
| Steel | -PEEK |
B ESmm | b EA MM SN2 mm
L AR L T
| Ag2 1 7
izl i !
ABp-2 | 7 !
A7 7
w2 7
| 81 1 4
| AE 1 4
B 4
A L4
E0-1h| [ o |
Bigle 9

]

—F—ar—K

mm) | (m
025 1m0 02
{0Es cafo 028
05 1 0zs
05| 200 025
025 100 035
o5 200 025
025|100 0ss |
|vzs| zoo 05|
R R
ELE M B . )
N T -
et i

12 | 18
14 18
P e
- _ HD
5 5
0 0
1 1
1 1
0 0
0 0
] ]

oo o g oo

Type of pipe/section

P : Pressure

C :Circulation

F :Flow

HM : Hydromechanical
measurement

HC : Hydrochemistry
sampling

T : Temperature
N :No measurements
G : Grouted section

Packertype

H : Hydraulic
B : Bentonite
M : Mechanical

Dummy material
PE : PEEK

HD : HD1000

Pipe

« : Plug (unused
pipe through packer)
w - End point

Pipe material
PA : Polyamid
ST: Steel
PE : PEEK
Rod type

S: Steel

A: Aluminium

a'vnvuk
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Width (mm)

Section secup
Section sechow ;
Type of zection
Type of dummy :

Hh archor Sectp
HM anchor seclow |

. SR

PACKER POSITION

Borehole name: KA3572G01
Borehole diametre: 76 mm
Borehole length: 12.03 m
Borehole inclination: 90° down

Date design: 2001-06-14
Name: TFK
Remark:

Distribution of hydraulic conductivity

i

10

15
Distribution of natural open fractures

10
1 I 1 1 1 1
37 73
53 1203
e P

HD -

Type of measurement section
P : Pressure

C : Circulation

F: Flow

HM : Hydromechanical measurement
HC : Hydrochemistry sampling

T: Temperature

N : No measurements

G : Grouted section

Type of dummy
PE : PEEK

HD : HD1000

I PACKER

DUMMY

-
1

1

[}

[}
L
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N £ KA3572G01 - BOREHOLE INSTRUMENTATION
T 2 5
5 2 s O Borehole length (m)
T =3 OI 5 15 25
= a0 F L L b e b
PA 6/4 mm Pl g
PA 6/4mm P g
o)
2
@
o]
o]
(2}
ol:
@]
@
[o]
PA 6/4 mm P &—
PA  6/4 mm C o
PA  6/4 mm C g
PA 6/4 mm P o—
Packer type - | &A7-2 £4-2
Becup:) | 07 23
Seclovy 27 7.3
Sectionsecup: . 2.'? T3
Section seclow | 83 | 1203
Type of section : L PE | P
Type of dumimy | . HD |
| HM anchor secup - = =
HM anchor seclow - -
=i, seclovw - 0.z
Rodholders,seciow 0.2
Riod type ; s -
Rodza2m: 1 0
Rods &1 m: o o
Rods&05m; i] -
Rods& 0.3m: ] 0
Rods&0.2m 0 0
Rods& 0.1 m: 1 0
Packer type: Bentonite :-:
H—H——K
| Type Mumber of pipes . .
] Steel | PEEK | I | | |
B mm A mm | S 2 mm {m) [m] [m)
AS-1 1 T 025 100 0.z5
e 01 um em s || [T dmsemaer  Dumyme
i —— | St
agp-2 | 7 1 025 200 | 035 F :Flow
ar | 7 025 o0 o5 | [HM: %;Sﬁ:fnr::tica' El&}% | o
Atz | 7 R =00 0.25 | HC : Hydrochemistry ;p'e H:Jr%%:ﬁacker)
|85t 1 4 U250 05 samplng w : End poirt
a5z 1 4 025 zon  ogs|| |1 Temperatre i i
| | I 1 ! ‘| |N:No measurements Bipe material
e | 4 028 100 025|| |G: Grouted section EAT :.F;g’gm'd
Az | | 4| | (025 E00 | 026 Packertype PE : PEEK
Eii-th) ow _ |63 oo g | |H:Hydaulic Rodtype
o N S I R S ] siseel

ﬁ"- \imK /1310241DATAMONITORING SE CTIONS/KA3572G01B.GRF 2001-06-14
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60
A
= 07
E ] \
e ==
S ] \
L 04
20 +—r——t+—r—r—rt+r-——tr-——t——t-r—rftr--—tr——t——t
0 5 10 15 20 25 30 3H 40 45 50 55 60
A Distribution of natural open fractures
€ 5
E
3
g2 T |
= 1
= oM e w4yl ——t——t—
0 5 10 15 20 25 30 35 40 45 50 55 60
Borehole length (m)
0 5 10 15 20 25 30 35 40 45 50 55 60
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
[
Section secup 34 105 14.5 21 26
Section sechow ; 8.5 125 18 24 4007
Type of zection P BE P PF p
Type of dummy : 3 3 = =
Hh archor Sectp - - - -
HM anchor seclow | = = - -
Type of measurement section Type of dummy
P : Pressure PE : PEEK
C : Circulation HD : HD1000
F: Flow
HM : Hydromechanical measurement PACKER
HC : Hydrochemistry sampling
T: Temperature
N : No measurements .
G : Grouted section i ! DUMMY
v

. SR

PACKER POSITION

Borehole name: KA3573A
Borehole diametre: 76 mm
Borehole length: 40.07 m
Borehole inclination: 2° down

Date design: 2001-06-14
Name: TFK
Remark: No cut-in, casing

Flow logging with UCM-logger
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1

KA3573A - BOREHOLE INSTRUMENTATION

60

=
g e Borehole length (m)
T =3 0 5 10 15 20 25 30 3 40 45 50 55
s A 2 N IR EE IR IR I I
PA 6/4mm P
PA 6/4mm P
o}
e}
o
o
o]
5
PA 6/4mm P 3
PA 6/4Amm F @
PA 6/4mm P &
PA 6/4mm P 3
PA 6/4mm F @
PA 6/4mm P
PA 6/4mm P &
Packer type . B0 | A22 | AB2
Becup: | 2.4 85 125
Seclovy 3.4 105 145 2
Sectionsecup: 34 105 145 21 26
Section seclow |85 | 125 .14 | 24 | 4007
Type-of section : | P PF | P | RF P
Type of dumimy | L= - - - -
| HManchorsecup: | - - - - -
HM anchor seclow - - - - -
Cut-in, seclovy 02
Rodholders seclow 0.2 ) ) )
R type : 3 3 3 3 -
Rods a2 m: 2 0 2 1 0
Rodz a1 m: 1 1 o 0 o
Rods & 05 m: 1 1 0 1 0
Rods&03m; 0 0 a - a
Rodsa02m: 0 0 0 0 0
Rods 6 0.1 m 1 0 0 0 0
Rods 40.05m: 1 0 0 0 o
Packer type: Bentonite :-:
H—H——K
| Type Mumber of pipes . .
] Steel | PEEK | I | | |
B mm A mm | S 2 mm {m) [m] [m)
AS-1 1 T 025 100 0.z5
lagz] 1 | 7 025 zo0 025 | [Ivme o pipelsection Dummy material
st 7 e | |ECmse i
agp-2 | 7 1 025 200 | 025 F : Flow
ar | 7 025 o0 o5 | [HM: %;Sﬁ:fnr::tica' ELF}!E’ | o
Atz | 7 R =00 0.25 | HC : Hydrochemistry ;p'e ﬂlﬁ)g:ﬁacker)
|85t 1 4 U250 05 samplng w 1 End point
a5z 1 4 025 zon  ogs|| |1 Temperatre i i
L ! [T #2211 N :No measurements Bipe material
A1 4 025 0 028 G : Grouted section PA: Polyamid
Tzl | us 2 025 | | pecketype PE . PEEK
Eii-th) ow |63 oo g | |H:Hydaulic Rodtype
T T B S| ) A .
Fvmviax
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PACKER POSITION
Borehole name: KA3574G01 Date design: 2001-06-14
Borehole diametre: 76 mm Name: TFK
Borehole length: 12.03 m .
Borehole inclination: 89° down Remark

Distribution of hydraulic conductivity

1E-13 . — — — —
0 5 10 15 20 25 30
Distribution of natural open fractures

OFRPNWAUION

Width (mm)

10 15 20 25 30
1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
—
Section secup 18 51 B
Section sechow ; 41 7 1203
Type of zection PC B B
Type of dummy : HD - -
Hh archor Sectp - - -
HM anchor seclow | - - -
Type of measurement section Type of dummy
P : Pressure PE : PEEK
C : Circulation HD : HD1000

F: Flow

HM : Hydromechanical measurement

HC : Hydrochemistry sampling I PACKER
T: Temperature

N : No measurements
G : Grouted section

1

DUMMY

-1
1
1
1
[}

ﬁ /1310241/DATA/MONITORING SE CTIONS/KA3574G01A.GRF 2001-06-14
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o £ KA3574G01 - BOREHOLE INSTRUMENTATION
T 2 5
5 2 s O Borehole length (m)
T 2 0I 5 15 25 30
S =) = M | PR T T T R T T T | PR T T T TR T T
ST e4mm P g |
ST 6/4mm P g
e
2
o]
o]
@
o]
o
o}
@
ST 6/4mm P g—
ST 6/4mm P &—
ST 64mm C g
ST 6/4mm C g
ST 6/4mm P &—
Packer type & | AZ1 AT 4441
Secup: | 0.8 4.1 7
Secloww | 18 3.1 g
Sectionsecup: 18 51 ]
Section seclow : 41 il | 1203
Type of zection : P P P
Type of dummy ; HC - -
| HM anchor secup - = . =
HM anchor seclow - = -
Cut-in, zeciov 02
Rodholders seclow 0.2
Fiodd type ; ] S z
Rodz & 2m: a a a
Rogds &1 m: 1 1 0
Rods & 0.5m; 1 0 0
Rods& 0.3m: 1 0 0
Rodsé0.2m: 0 2 0
Rodsd. 09 m: 0 a 0
Packer type: Bentonite :-:
K
| Type Mumber of pipes . .
| Steel | -PEEK | I |
B mm A mm | S 2 mm {m) [m] [m)
A1 | T 0.25 1.00 026
Casz i 025 zo0 025 | [Ivme o pipelsection Dummy material
o wn | [ S PR
apz | 7 025 200 | 035 F :Flow
ar | 7 025 o0 o5 | [HM: %;Sﬁ:fnr::tica' ELF}% | o
ekt | f |02 200 0E || HC : Hydrochemistry ;p'e ;if;?;acker)
|85t 1 4 U250 05 samplng w 1 End point
pE2 | 1 4 02| 200 ags | |LGTeTREAWE b materia
a4 | 4 025 100 025/ |G: Grouted section ZAT :.F;g’;m‘d
| AgE 4 o028 zon | 02§ | Packertype PE : PEEK
Eii-th) 0 |63 oo g | |H:Hydaulic Rodtype
S on e | |BiSnene SiSeel
ﬁ\l— ViImK /131024 1DATAMONITORING SE CTIONS/KA3574G01B.GRF 2001-06-14




Al 14

PACKER POSITION

Borehole name: KA3576G01
Borehole diametre: 76 mm
Borehole length: 12.01 m
Borehole inclination: 89° down

Date design: 2001-06-14
Name: TFK
Remark:

Distribution of hydraulic conductivity

1E-13 T —
0 5 10

15
Distribution of natural open fractures

20 25 30

Width (mm)
OFRLrNW,A~OOU

2 3 »
=
Section zecup
Section zeclow
Type of section © ||
Type of dummy :
Hh archor Sectp - = =
HM anchar seclowy - - -
Type of measurement section Type of dummy
P : Pressure PE : PEEK
C : Circulation HD : HD1000
F: Flow
HM : Hydromechanical measurement I PACKER
HC : Hydrochemistry sampling
T: Temperature
N : No measurements .
G : Grouted section i ! DUMMY
g

Eomvia
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_ =
- 5 =
5 & 4 O
8 & g 0
= 0 =
ST 6/4mm Pl g
ST 6/4mm P g

o

2

[4]

o]

o]

[2]

ol:

&

@

[o]
ST 6/4mm P &
PE 1/8"2mm HC &
ST 6/4mm P g
ST 6/4mm P o

Packer type | Afp1 | Afp]
Becup:l 037 || 287
Sedow: 137 367

Sectionsecup: 137
Section seclow | 24T
Type of section : | P

Type of dumimy | L=
| HManchior secup: | -
HM anchor seclow -

KA3576G01 - BOREHOLE INSTRUMENTATION

Borehole {esngth (m)

30

=i, seclovw - 0z
Rodholders seclow 0.2
Riod type ; =
Rodza2m: 0
Rods &1 m: 1
Rods&05m; 0
Rods& 0.3m: 0
Rods602m 0
Rods& 0.1 m: o
Packer type: Bentonite
| Type Mumber of pipes
] Steel | PEEK |
B EEmm | B mm S mm
L AR 1 | T
Ag-d 1 7
Agp-l | i 1
agp-2 | 7 1
AT 7
a7z 7
I 4
| Agz 1 4
g 4
| AE L4
ED-tb| [ o |
Et0p-1b. [ g | 1

|03 100 az M : Mechanical

25
[ N [ N
ae2
ER=
787
387 787
| 587 | 12m
L PHC LR
PE | =
< -
0 k1
1 i
1 R}
d d
o u
i i
H———F
cdmy o Amp | (m)
025 w0 025
025 200 0.25 'IP' Pd ipe/section %%eﬂal
TR EE - Pressure :
|02 (1OF 05 C : Circulation HD : HD1000
025 200 | 035 F :Flow )
025 100 025 HM:%;;E:;*’:‘&'@' ELpePl (nused
22 - { :Plug (unus
o2 2B 035 IHC : Hydrochemistry ;pe through packer)
025 100 0E6 samping @ : End point
| 025 I 500 1 05 | T : Temperature ; .
R I =20 N No measurements LBipe material
025 10 025 | |G:Grouted section PA : Polyamid
i 1 : 7 1 ST: Steel
025 200 025 | | packertvpe PE : PEEK
0 100 02 H: Hydraulic Rod type
5 | B : Bentonite S: Steel

A Aluminium

'&vuvux
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Width (mm)
oON MO

Section zecup
Section sechow ;
Type of zection
Type of dummy :

Hh archor Sectp
HM anchor seclow |

p R

PACKER POSITION

Borehole name: KA3578G01
Borehole diametre: 76 mm
Borehole length: 12.58 m
Borehole inclination: 89° down

Date design: 2001-06-14
Name: TFK
Remark:

Distribution of hydraulic conductivity

5 10

15
Distribution of natural open fractures

20 25 30

43 6.5
55 1258

PHC p
PE

Type of measurement section
P : Pressure

C : Circulation

F: Flow

HM : Hydromechanical measurement
HC : Hydrochemistry sampling

T: Temperature

N : No measurements

G : Grouted section

Type of dummy
PE : PEEK

HD : HD1000

I PACKER

DUMMY

-
1

1

[}

[}
L
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N £ KA3578G01 - BOREHOLE INSTRUMENTATION
T 2 5
5 2 s O Borehole length (m)
T 2 0I 5 15 25 30
s o £ AT S E S T S H N S SR HN S SR T S [ S S T
PA 6/4mm P g r
PA 6/4mm P g _
o
2
[4]
o]
o]
[2]
o ]
e |
o |
e |
e |
PA 64mm P g
PE 1/8"/2mm HC g—!
PA 64mm P e—:
Packertype:|  AEp2 | A4
Secup 23 55
Seclovy 43 B35
Sectionsecup: 4'.3 65
Section seclow | 54 | 1258
Type of section : P HC P
Type of dumimy | PE -
| HM anchor secup - - -
HM anchor seclow - -
Cut-in, zeciov 02
Rodholders seclow 0.2
Riod type ; s -
Rodza2m: 0 0
Rods &1 m: o o
Rods&05m; 1 x|
Rods& 0.3m: 0 0
Rods 4 0.2 m 1 ]
Rods& 0.1 m: 0 0
Packer type: Bentonite :-:
—— K
| Type Mumber of pipes . .
| Steel | PEEK | | |
B mm A mm | S 2 mm {m) [m] [m)
A8 1 7 0.25 100 025
Casz i _ 025 zo0 025 | [Ivme o pipelsection Dummy material
st 7 e | |ECmse i
ABp-2 | 7 ] 025 200 025 F :Flow
ar | 7 025 o0 o5 | [HM: %;Sﬁ:fnr::tica' ELF}% lug (urused
a72 | 7 0.5 200 025 | | HC : Hydrochemistry ;pe thrgough packer)
I 4 (025 100 025 | samplng w : End point
pE2 | 1 4 02| 200 ags | |LGTeTREAWE b materia
B4 4 025 0 028 G : Grouted section PA : Polyamid
| A4 4 025 | 2.ﬁu_ __“_-_25: Packertype SET::%%?(
Eii-th) 0 |63 oo g | |H:Hydaulic Rodtype
[Etp-1b 9 1 03 10 0z B Bentonite S Sl
ﬁv- VIAK /131024 1DATAMONITORING SE CTIONS/KA3578G01B.GRF 2001-06-14
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PACKER POSITION

Borehole name: KA3579G
Borehole diametre: 76 mm
Borehole length: 22.65m
Borehole inclination: 89° down

Date design: 2001-06-14

Name: TFK
Remark:

Distribution of hydraulic conductivity

5 10

2

15
Distribution of natural open fractures

Width (mm)
OFRLrNW,A~OOU

[l

Section zecup
Section sechow ;
Type of zection
Type of dummy :

Hh archor Sectp
HM anchor seclow |

o

i P P 2
25 125 147
115 137 22B5
P P P
Type of measurement section Type of dummy
P : Pressure PE : PEEK
C : Circulation HD : HD1000
F: Flow
HM : Hydromechanical measurement PACKER
HC : Hydrochemistry sampling
T: Temperature
N : No measurements I
G : Grouted section i DUMMY

/1310241/DATA/MONITORING SE CTIONS/KA3579G1A.GRF 2001-06-14




Al:

19

KA3579G - BOREHOLE INSTRUMENTATION

Borehole {esngth (m)

30

_ =
- 5 =
8 & g 0
= 0 = L

PA 6/4 mm Pl g
PA 6/4mm P g

o

2

[4]

o]

o]

[2]
ol:

&

@

[o]

o}
PA  6/4 mm P o
PA  6/4 mm P g
PA 6/4 mm P o—
Packer type -
Secup
Seclovy

Sectionsecup:
Section seclow
Type of section :
Type of dumimy |

| HM anchior secup -
HM anchor seclow
Cut-in, seclow -
Rodholders seclow
Riod type ;

Rodza2m:
Rods &1 m:
Rods&05m;
Rods& 0.3m:

Rods& 0.1 m:

b
0z

oo o = O A

Packer type: Bentonite

| Type | Mumber of pipes

| mel | PEEK
b BIS mm | b B mm | SN2 mm
L AR L T
A2 1
Agp-l |
agp-d |
A7-1
w2
L asr |
L as2 |
A
Az | |
Eli-ib |
Etop-1b [ g | 1

R S N N SN T S T |

]

—F
mm) | (m
025 0 025
|en el 108
025 0 025

025 200 025

025 100 025
025 200 025
025 100 025
025 200 025
025 0 026
ELE s B R R )

03 10 02

25
| M R T T | R R R T | N S T
A7 || ag
11.58 137
125 147
125 147
| 437 | 2285
P P
3
o o
] n
1 0
0 0
1 a
0 0
Type of pipe/section Dummy material
P : Pressure PE : PEEK
C : Circulation HD : HD1000
F :Flow
HM : Hydromechanical Pipe
measurement « : Plug (unused
HC : Hydrochemistry pipe through packer)
samplng = : End point
T : Temperature ; .
N :No measurements .ELpe_maleuaL_ -
G : Grouted section PA : Polyamid
ST: Steel
Packertype PE : PEEK
H : Hydraulic Rod type
B : Bentonite S: Steel
M : Mechanical A: Aluminium

L0300z

a'vuvuk
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PACKER POSITION
Borehole name: KA3584G01 Date design: 2001-06-14
Borehole diametre: 76 mm Name: TFK

Borehole length: 12.00 m

Borehole inclination: 89° down Remark: Fracture at 1.45 m

Distribution of hydraulic conductivity

1E-11
1E-12 i
1E-13 L — ——— ——— ———

0 5 10 15 20 25 30
Distribution of natural open fractures

OFRPNWAUION

Width (mm)

Section secup 1.4
Section sechow ; Bl 12
Type of zection B
Type of dummy : - -
Hh archor Sectp - -
HM anchor seclow | - -

Type of measurement section Type of dummy
P : Pressure PE : PEEK

C : Circulation HD : HD1000
F: Flow

HC : Hydrochemistry sampling
T: Temperature

N : No measurements

G : Grouted section

HM : Hydromechanical measurement I PACKER

DUMMY

-
1

1

[}

[}
L

E /1310241/DATA/MONITORING SE CTIONS/KA3584G01A.GRF 2001-06-14
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30

N £ KA3584G01 - BOREHOLE INSTRUMENTATION
T 2 5
5 2 s O Borehole length (m)
T =3 0I 15 25
S =) = | L M| L | R R T
PA 6/4 mm Pl g
PA 6/4mm P g
o)
2
@
o]
o]
(2}
ol:
@]
@
[o]
o)
4}
PA  6/4 mm P g
PA 6/4 mm P o—
Pacer type - | A7 242
Secup: 04 3
Seclovy 14 7
Sectionsecup: 1.4 7
Section seclow 5 12
Type of section : P P
Type of dumimy | - -
_ Hi anchor seoup - -
HM anchor seclow - -
Cut-in, zeciov 02
Rodholders seclow 0.2
Riod type ; = -
Rodza2m: 1 0
Rods &1 m: 1 o
Rods&05m; 0 -
Rods& 0.3m: 0 0
Rods602m 0 0
Rods& 0.1 m: 1 0
Packer type: Bentonite :-:
H—H——K
| Type Mumber of pipes . .
] Steel | PEEK | I |
B mm A mm | S 2 mm {m) [m] [m)
AS-1 1 T 025 100 0.z5
lagz] 1 | 7 025 zo0 025 | [Ivme o pipelsection Dummy material
O T |l i
agp-2 | 7 1 025 200 | 025 F : Flow
ar | 7 025 o0 o5 | [HM: %;Sﬁ:fnr::tica' ELF}% | o
Atz | 7 R =00 0.25 | HC : Hydrochemistry ;p'e ;rgofjl;:ﬁacker)
|85t 1 4 U250 05 samplng w 1 End point
pE2 | 1 4 02| 200 ags | |LGTeTREAWE b materia
A1 4 025 0 028 G : Grouted section PA: Polyamid
| B L4 0285 2.ﬁu_ __U_._25i Packertype Sg::l;aEllaEell(
Eii-th) ow |63 oo g | |H:Hydaulic Rodtype
o N S I R S ] siseel
E‘I- Vimx /131024 1DATAMONITORING SE CTIONS/KA3584G01B.GRF 2001-06-14
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Width (mm)

 Section zecup
Section sechow ;
Type of section :

| Type of dummy :
| HM anchor Sectp
HM anchar zeclow |

SR

PACKER POSITION

Borehole name: KA3590G01
Borehole diametre: 76 mm
Borehole length: 30.06 m
Borehole inclination: 44° down

Date design: 2001-06-14
Name: TFK
Remark:

Distribution of hydraulic conductivity

10

20 25 30

15
Distribution of natural open fractures

OFRrNW,A~OO

11 N N N
5 10 15 20 25 30
Borehole length (m)
: i b i 3 i
15 7 165
B 15 a0
PHZ | PFF P

Type of measurement section
P : Pressure

C : Circulation

F: Flow

HM : Hydromechanical measurement
HC : Hydrochemistry sampling

T: Temperature

N : No measurements

G : Grouted section

Type of dummy
PE : PEEK

PEH: PEH

I PACKER

DUMMY

-
1

1

[}

[}
L
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30

N £ KA3590G01 - BOREHOLE INSTRUMENTATION
T 2 5
5 2 s O Borehole length (m)
T & =3 0I 10 15 25
s a £ P N T PR S T S NS S
PA 6/4 mm Pl g
PA 6/4mm P g
o
2
[4]
o]
2]
[2]
ol:
&
PA 6/4 mm P o
PA  6/4 mm F O
PA 6/4 mm F &—
PA  6/4 mm P o
PE 1/8"/2mm HC g—
PA 6/4 mm P o—
Packer type © | BIOp-1b a74 A4
Secup: 05 [} 15
Secloww: 1.5 7 16
Sectionsecup 15 i 1i3
Section seclow | & | %5 30
Type of section : PHC PFF P
Type of dummy ; - - -
| HM anchor secup L= - -
HM anchor seclow - - -
Cut-in, zeciov 0z
Rodholders seclow 0.2
Riod type ; s = -
Rodza2m: 2 3 0
Rods &1 m: o 1 o
Rods&05m; - 1 x|
Rods& 0.3m: 0 o 0
Rodsa0.2m: ] 0 ]
Rods& 0.1 m: 0 o 0
Packer type: Bentonite :-:
—— K
| Type Mumber of pipes . .
| Steel | -PEEK | | |
B mm A mm | S 2 mm {m) [m] [m)
AS-1 | T 025 L.on 0.z5
Casz i 025 zo0 025 | [Ivme o pipelsection Dummy material
s 7 e | |2 e i
B8p-2 | 7 1 025 200 025 F : Flow
ar | 7 025 o0 o5 | [HM: %;Sﬁ:fnr::tica' Elp% lug (urused
AT 7 (025 200 025 | |HC: Hydrochemistry ;pe mrgough packer)
I 4 (025 100 025 | samplng w : End point
pE2 | 1 4 02| 200 ags | |LGTeTREAWE b materia
A1 4 025 0 028 G : Grouted section PA: Polyamid
| AgE 4 025 | 2.ﬁu_ __U_._25i Packertype Sg::l;aE?E?(
Eii-th) 0 |63 oo g | |H:Hydaulic Rodtype
Elp-1b 9 1 L3 1m0 oz B Bentonite S Sl

ﬁ VIEE VIRK
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Width (mm)

 Section zecup
Section sechow ;
Type of section :

| Type of dummy :
| HM anchor Sectp
HM anchar zeclow |

. -

PACKER POSITION

Borehole name: KA3590G02
Borehole diametre: 76 mm
Borehole length: 30.05m
Borehole inclination: 44° down

Date design: 2001-06-14

Name: TFK
Remark:

Distribution of hydraulic conductivity

5 10 15 20 30
Distribution of natural open fractures
D N AN | N O N I I.II!.J
5 10 15 20 30
Borehole length (m)
5 10 15 20 30
1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1
1
b
b
I
165 1208 1535 2585
1008 1335 | 23BS5 | 300
P PHC P PF
s FE s _
Type of measurement section Type of dummy
P : Pressure PE : PEEK
C : Circulation HD : HD1000
F: Flow
HM : Hydromechanical measurement PACKER
HC : Hydrochemistry sampling
T : Temperature
N : No measurements .
G : Grouted section i DUMMY
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30

. £ KA3590G02 - BOREHOLE INSTRUMENTATION
T 2 5
5 2 s O Borehole length (m)
g 8 =3 0 5 15 25
s N = ! P RS S T S S S R T S P
PA 6/4Amm P g
PA 6/4mm P g
(o]
3]
[&]
Q
2
[2]
[
o 1
e |
PA 64mm F g
1
PA 6/4 mm P a—t
PA 6/4mm P &—h
PE 1/8"2mm HC g—{
PA 64mm P g
PA 64mm P @o—h
1
L - . C
Packer type - | Bllp1b | AEp2 | A2 | A5
Secup: nes |dogs | 1338 | 2385
Secloww:| 185 1205 1535 2585
Section secup [ 188 1208 1535 | 2585
Section seclow 1005 1335 | 2385 | a0
Type of section : P | PHZ | P | “PF
Type of dummy | - PE L= L=
| HM anchor secup - - - - -
Hb anchor seclow - z z z z
=i, seclovw - 0.z
Rodholders,seciow 0.2
Riod type ; s = =
Rumlz a2 m: 3 0 3 0
Rods &1 m: 1 n 1 n
Rods&05m; 1 1 1 ]
Rods& 0.3m: 1 1 1 0
RodsaO2m: u 0 0 0
Rods& 0.1 m: 1 a o a
Packer type: Bentonite :-:
H———F
j Type Mumber of pipes . . . .
| Steel | PEEK | | | | |
GBS mm b B mm EE mm {mi m) [m
LAs 7 025 o0 026
AB-2 1 7 026 2.00 0.256 Type of pipe/section Dummy material
I I i pome o P Pressure PE : PEEK
Adpel | ! L (e 1 02 c Cirulation HD : HD1000
agp-2 | 7 1 025 200 | 025 F :Flow )
&7 7 0,25 100 025 HM : ':qyg;;}r‘:fn}":‘r:‘t'cal Ein% lug (urused
e EeFE =t 1 2 « : Plug (unus
| AT 7 (025|200 025 | | HC : Hydrochemistry pipe through packer)
A5 1 4 0.25 100 0.25 sampling . i
1 | | | ! | w - End point
252 | 4 025 mO0 025 T - Temperature i i
; : e === |N :No measurements Pipe material
a1 4 025 100 025 G : Grouted section PA : Polyamid
P : i e o ST: Sted
LA + (Des 200 025 ||| Packertype PE : PEEK
Efi-1b 0 03 100 il '; : I;e}/drau_lic Rod type
! | I S| CEa | : Bentonite S Steel
EOp-1b ;) L. LR 0z M : Mechanical A : Aluminium
2 VK VI K /131024 1DATAMONITORING SE CTIONS/KA3590G02B.GRF 2001-06-14
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PACKER POSITION

Borehole name: KA3593G
Borehole diametre: 76 mm
Borehole length: 30.02 m
Borehole inclination: 80° down

Date design: 2001-06-14
Name: TFK
Remark:

Distribution of hydraulic conductivity

5 10

20 25 30

15
Distribution of natural open fractures

Width (mm)
OoRNWhOIOON

 Section zecup
Section sechow ;
Type of section :
Type of dummy :

| HM anchor Sectp
HM anchar zeclow |

. TR

F: Flow

HM : Hydromechanical measurement
HC : Hydrochemistry sampling

T: Temperature

N : No measurements

G : Grouted section

I PACKER

-
1

1

[}

[}
L

5 10 15 20 25 30
Borehole length (m)
0 5 10 15 20 30
1 I 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1
3 ] 235 252
7 225 242 3002
PF P PR |
= s FE | -
Type of measurement section Type of dummy
P : Pressure PE : PEEK
C : Circulation PEH: PEH

DUMMY
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Borehole {%ngth (m)

KA3593G - BOREHOLE INSTRUMENTATION

- £
- o iy
8 & g 0
= 0 ~
PA 6/4Amm P g
PA 6/4 mm P g

o

2

[4]

o]

o]

[2]

ol:

&
PA 6/4 mm P o
PE 1/8"/2mm HC @—
PA 6/4 mm P &—
PA  6/4 mm P o
PA 6/4 mm F o
PA 6/4 mm P o—

Packertype . ABp2

Becup: 1

Seclovy 3
Secﬁ.on SECUR
Section seclow
Type of section :
Type of dumimy |
| HM anchior secup -
HM anchor seclow
Cut-in, seclow -
Rodholders,seciow
Riod type ;

Rodza2m:
Rods &1 m:
Rods&05m;
Rods& 0.3m:
Rods 4 02m:
Rods& 0.1 m:

PO PO = | &b |

Packer type: Bentonite

j Type Mumber of pipes
| Steel | PEEK |
b EEmm B MM 152 mm
L AR L T
| A8-2 ] 1
Agp-l |
agp-d |
A7-1
Carz
L asr |
-
B
Az | |
E0-1h| om
Biogds | 9 | 1

R S N N SN T S T |

]

—F—r—

mm) | (m
025 0 025
|en el 108
025 0 025
025 200 025
025 100 | 025
o5 200 025
025 100 025
025 200 025
025 0 026
ELE s B R R )
R T R -
L0302

oo o O = m

e R o S e o e

b R Y e S e e e

Type of pipe/section

P : Pressure

C :Circulation

F :Flow

HM : Hydromechanical
measurement

HC : Hydrochemistry
sampling

T : Temperature
N :No measurements
G : Grouted section

Packertype

H : Hydraulic
B : Bentonite
M : Mechanical

Dummy material
PE : PEEK

HD : HD1000

Pipe

« : Plug (unused
pipe through packer)
w - End point

Pipe material
PA : Polyamid
ST: Steel
PE : PEEK
Rod type

S: Steel

A: Aluminium

3 VIRE V&K
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PACKER POSITION
Borehole name: KA3600F Date design: 2001-06-14
Borehole diametre: 76 mm Name: TEK

Borehole length: 50.10 m

Borehole inclination: 2° down Remark: No cut-in, casing

Flow logging with UCM-logger

30
] A~
] WU L L
c i
£ \
< 10
> \
o ]
L o0 o
10 4+--r——+—t+t+-"tr"t-—~r—
0 5 10 15 20 25 30 3H5 40 45 50 55 60
— 8 Distribution of natural open fractures
e
£ 6
< 4
22 I I T T I I I
S I N 1 O A O A |
0 5 10 15 20 25 30 35 40 45 50 55 60
Borehole length (m)
0 5 10 15 20 25 30 35 40 45 50 55 60
IIIIIIIIIIIIII IIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIII
Section secup 34 20 405 43
Section zeclow 18 395 42 5041
Type of zection P B P HC P
Type of dummy : s _ PE

Hil archor secip ; - =
HM anchor seclow | - -

Type of measurement section Type of dummy
P : Pressure PE : PEEK

C : Circulation HD : HD1000
F: Flow

HC : Hydrochemistry sampling
T: Temperature

N : No measurements

G : Grouted section

HM : Hydromechanical measurement I PACKER

DUMMY

-
1

1

[}

[}
L

ﬁ /1310241/DATA/MONITORING SE CTIONS/KA3600F1A.GRF 2001-06-14
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KA3600F - BOREHOLE INSTRUMENTATION

60

= 8
© =
5 2 o Borehole length (Sm)
g & o 0 5 10 15 20 25 30 3 40 45 50 55
s A e NI I NPT I I I IR I I
PA 6/4mm P e
PA 6/4mm P ”
9]
o]
o
o]
o]
(5]
9]
o]
PA 6/4mm P (&
PE 1/8"2mmHC &
PA 6/4mm P @
PA 6/4mm P O
PA 6/4mm P & ]
Packer type © | 2801 | Agp-2 | A8 A4
Secup: 24 18 305 || 42
Seclovy 3.4 20 403 43
Sectionsecup: 3.4 20 405 43
Section seclow 18 385 42 5041
Type-of section : P P P HZ P
Type of dummy ; - = PE =
Hil anchoe secup - - - -
HM anchor seclow - - - -
Cut-in, zeciov oz
Rodholders seclow 02
Riod type ; b= s s
Rodza2m: 7 ] ] 0
Rods &1 m: ] 1 1 il
Rods&05m; 0 i] i] 0
Rods& 0.3m: 1] 0 ] 0
Rods 4 0.2 m ] i ] 0
Rods& 0.1 m: 1 0 ] o
Packer type: Bentonite :-:
—— K
Type Mumber of pipes .
] Steel | PEEK | | |
B mm A mm | S 2 mm {m) [m] [m)
a0 |7 025 10 025
e 1 7 025 200 025 Type of pipe/section Dummy material
| S5 - P : Pressure PE : PEEK
£apt| i : s 1m0 025 ¢ Ciculation HD : HD1000
B8p-2 | 7 1 025 200 | 025 F : Flow )
A7 7 026 100 025 HM : %;S“l?:fnr:‘:t'ca' Elm'iD lug (urused
1 i : Plug (unus
AT 7 025 zD0 | 025 HC : Hydrochemistry ;pe through packer)
851 1 4 025 100 025 samping = : End point
i | i T : Temperature X .
BEz 1 4 (05 2o 035 | [\ NG measurements Pipe material
A1 4 025 0 028 G : Grouted section PA: Polyamid
1 T ; 1 ST: Steel
Az | L4 (025 z00 | 025 Packertype PE - PEEK
Efi-1b 0 03 100 il g : I;gdrau_lic Rod type
] J—s: t : : Bentonite S: Steel
E0p-1b | -8 1 |03 100 0z M : Mechanical A : Aluminium

ﬁ VIR V8K
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APPENDIX 2

Position of measurement sections along boreholes in tunnel
section |

The table of hydro holes presented in this gppendix condsts of 4 columns described below:

Borehole - Borehole name

Section secup - The upper (closest to tunnel) end of the observation section (m)
Section seclow - Thelower end of the observation section (m)

Measurement - Index of which kind of measurement is donein this section

P - Pressure measurement
C - Water circulation measurements
F - Fow measurements

HC - Hydrochemistry sampling

The table of temperature holes presented in this gppendix consists of 4 columns described
below:

Borehole - Borehole name
Borehole length - The length of the borehole (m)
Inclination to vertical plane - The lower end of the observation section (degree)

Sensors at borehole depth - The position of the temperature sensors in the hole (m)



HYDRO
HOLES
Borehole

KA3600F
KA3600F
KA3600F
KA3600F
KA3597H01
KA3597D01
KA3593G
KA3593G
KA3593G
KA3593G
KA3592C01
KA3590G02
KA3590G02
KA3590G02
KA3590G02
KA3590G01
KA3590G01
KA3590G01
KA3588101
KA3588D01
KA3588C01
KA3584G01
KA3584G01
KA3579G
KA3579G
KA3579G
KA3579D01
KA3578H01
KA3578G01
KA3578G01
KA3578C01
KA3576G01
KA3576G01
KA3576G01
KA3574G01
KA3574G01
KA3574G01
KA3573D01
KA3573C01
KA3573A
KA3573A
KA3573A
KA3573A
KA3573A
KA3572G01
KA3572G01
KA3568D01
KA3566G02
KA3566G02
KA3566G02
KA3566G02
KA3566G02
KA3566G01

Section
Secup

(m)

13
20
40.5
43
0.65
0.65

235
25.2
0.65
13
11.9
15.2
25.5
13

16
0.65
0.65
0.65

13

2.3
125
14.7
0.65
0.65

4.3

6.5
0.65

13

18
5.1

0.65
0.65
13
105
145
21
26
2.7
7.3
0.65
13

12
16
19
15

Section
Seclow

(m)

18
39.5
42
50.1

22.5
24.2
30.02

9.9
13.2
23.5

30.01

15
30

NN

12
115
13.7

22.65

55
12.58

w

12.01
4.1

12.03

8.5
125
19
24
40.07
5.3
12.03

11
14
18
30.01
6.3

A2:

Measurement

P, HC

P, HC

P,F
P, HC

T
T

o)
U T 00TV TVTTUTVTTUTTUVTTVTTUTTTTTDO

(@]

)
(@]

Y
0

T T U T T



KA3566G01
KA3566G01
KA3566G01
KA3566G01
KA3566C01
KA3563101
KA3563G
KA3563G
KA3563G
KA3563G
KA3563D01
KA3563A01

TEMPERAT

URE
HOLES
Borehole

KA3571G01
KA3575G06
KA3575G07
KA3577G01
KA3578G02
KA3589G01
KA3592G01
KA3597G01

7.3
12
20
23.5
0.65
0.65
15

10
15
0.65
0.65

Hole
length

(m)

10
18
21.5
30.01

o w NN

30.01

N

Inclination
to vertical
plane (°)

anN
cocoococo@RNo

A2 3

0
. 0 T
(@]

T T T

P

o

T U T T T

Sensors at
hole depth

(m)

05,25,4.9,7.3,10.0
2.7,53,8.4,138
4.7,9.2,14.7
05,25,4.9,7.3,10.0
05,25,4.9,67.3,10.0
05,25,4.9,7.3,10.0
05,25,4.9,7.3,10.0
05,25,4.9,7.3,10.0



AS: 1

APPENDIX 3

Coordinates of boreholes

In tunnel section |1 new boreholes may be drilled and the fina monitoring is not yet decided.

Coordinate system: Aspo local North map system.



Hole

DA3545G01
DA3545G01

DA3551G01
DA3551G01

DA3569G01
DA3569G01

DA3575G01
DA3575G01

DA3581G01
DA3581G01

DA3587G01
DA3587G01

KA3510A
KA3510A
KA3510A
KA3510A
KA3510A
KA3510A
KA3510A
KA3510A
KA3510A
KA3510A
KA3510A
KA3510A
KA3510A
KA3510A
KA3510A
KA3510A
KA3510A
KA3510A
KA3510A
KA3510A
KA3510A
KA3510A
KA3510A
KA3510A
KA3510A
KA3510A
KA3510A
KA3510A
KA3510A
KA3510A
KA3510A
KA3510A
KA3510A
KA3510A
KA3510A
KA3510A
KA3510A
KA3510A
KA3510A
KA3510A
KA3510A

KA3539G
KA3539G

KA3542G01
KA3542G01

KA3542G02
KA3542G02

Hole
chainage

0.00
8.37

0.00
8.37

0.00
8.37

0.00
8.37

0.00
8.37

0.00
8.37

0.00

NORTHING
X

(m)

7 269.530
7 269.535

7 270.382
7 270.385

7272.939
7272.935

7273.792
7 273.790

7274.644
7 274.645

7 275.496
7 275.486

7260.892
7260.235
7259.579
7258.925
7258.269
7257.615
7256.966
7256.324
7255.690
7255.056
7254.422
7253.789
7253.155
7252.523
7251.892
7251.261
7250.633
7250.007
7249.382
7248.758
7248.136
7247.515
7246.896
7246.277
7245.660
7245.044
7244.429
7243.815
7243.201
7242.589
7241.979
7241.370
7240.763
7240.157
7239.550
7238.945
7238.340
7237.736
7236.529
7229.890
7229.878

7268.774
7269.135

7268.608
7247.594

7269.604
7290.987

A3:

EASTING
Y

(m)

1 920.500
1920.486

1914.560
1914.560

1896.743
1896.741

1890.804
1890.798

1 884.865
1884.872

1878.926
1878.917

1953.796
1951.287
1948.777
1946.268
1943.759
1941.250
1938.738
1936.223
1933.705
1931.188
1928.671
1926.153
1923.636
1921.118
1918.600
1916.081
1913.562
1911.043
1908.523
1906.003
1903.482
1900.961
1898.440
1895.917
1893.394
1890.870
1888.345
1885.820
1883.294
1880.768
1878.242
1875.715
1873.187
1870.659
1868.131
1865.602
1863.073
1860.543
1855.481
1827.641
1827.590

1927.266
1922.308

1923.435
1920.218

1923.540
1925.883

z

(m)

-449.041
-457.41

-448.921
-457.29

-448.562
-456.93

-448.443
-456.81

-448.323
-456.69

-448.204
-456.57

-448.696
-450.203
-451.711
-453.218
-454.727
-456.236
-457.742
-459.247
-460.749
-462.253
-463.757
-465.261
-466.765
-468.269
-469.772
-471.276
-472.779
-474.283
-475.786
-477.289
-478.792
-480.295
-481.797
-483.299
-484.800
-486.300
-487.799
-489.298
-490.796
-492.294
-493.792
-495.290
-496.788
-498.285
-499.782
-501.278
-502.773
-504.268
-507.255
-523.683
-523.713

-449.191
-478.786

-449.074
-470.298

-449.070
-469.996

Hole
category

II II II IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIT UU UU UU UU ©UO OO

Prototype
section

e

Comments

Hole depth in centre=8.37

Hole depth in centre=8.37

Hole depth in centre=8.37

Hole depth in centre=8.37

Hole depth in centre=8.37

Hole depth in centre=8.37

Hole category
D=Deposition Hole
H=Monitoring Hole,
Investigation Hole, Long
Hole

P=Monitoring Hole,
Investigation Hole, Short
Hole

I=Investigation Hole

T=Temperature Hole

LT= Lead-Through Hole
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KA3543A01
KA3543A01

KA3543101
KA3543101

KA3544G01
KA3544G01

KA3545G
KA3545G

KA3546G01
KA3546G01

KA3548A01
KA3548A01
KA3548A01
KA3548A01
KA3548A01

KA3548D01
KA3548D01

KA3548G01
KA3548G01
KA3548G01
KA3548G01
KA3548G01

KA3550G01
KA3550G01

KA3551G
KA3551G
KA3552A01
KA3552A01

KA3552G01
KA3552G01

KA3552H01
KA3552H01

KA3553B01
KA3553B01

KA3554G01
KA3554G01

KA3554G02
KA3554G02

KA3557G
KA3557G

KA3563A01
KA3563A01

KA3563D01
KA3563D01

KA3563G
KA3563G

KA3563101
KA3563101

KA3566C01
KA3566C01

0.00
2.06

0.00
2.06

0.00
12.00

0.00

8.04

0.00

12.00

0.00

8.04

0.00

2.06

0.00
12.01

0.00
2.10

0.00
2.02

0.00
30.01

0.00
30.01

0.00
30.04

0.00
2.06

0.00
2.01

0.00
30.00

0.00
2.15

0.00
2.10

7266.837
7265.629

7269.402
7268.739

7270.224
7270.224

7 269.60

7269.60

7268.819
7268.771

7267.473
7264.509
7261.546
7258.581
7237.835

7272.404
7273.654

7269.928
7269.935
7269.935
7269.941
7269.947

7271.088
7271.028

7270.39

7270.37

7268.134

7266.912

7269.678
7269.606

7269.918
7269.873

7273.100
7274.681

7270.279
7249.286

7271.306
7292.314

7271.259
7271.349

7269.845
7268.639

7274.672
7275.86

7272.200
7272.920

7272.440
7272.087

7270.165
7268.883

A3:

1921.611
1919.943

1921.940
1921.756

1921.445
1921.445

1921.28

1920.06

1919.555
1919.543

1917.175
1916.738
1916.303
1915.867
1912.816

1917.543
1919.178

1917.518
1917.542
1917.544
1917.566
1917.588

1915.503
1915.347

191543
1913.99
1912.430
1910.774

1913.606
1913.690

1912.573
1911.467

1912.554
1912.780

1911.531
1908.511

1911.654
1914.672

1909.495
1905.049

1901.729
1900.082

1902.147
1903.766

1903.528
1898.340

1901.919
1901.398

1898.849
1897.191

-446.801
-446.830

-444.084
-442.142

-448.952
-460.952

-449.10

-457.01

-448.894
-460.894

-446.576
-446.738
-446.902
-447.065
-448.206

-445.865
-445.768

-449.000
-452.000
-455.000
-458.000
-461.010

-448.770
-460.799

-448.93

-456.80

-446.623

-446.723

-448.773
-460.782

-443.984
-442.199

-446.550
-447.787

-448.835
-470.067

-448.820
-470.037

-448.847
-478.556

-447.061
-447.336

-446.155
-446.068

-448.694
-478.233

-443.642
-441.586

-445.562
-445.434
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Gone, at position of
deposition hole
Gone, at position of
deposition hole

Gone, at position of
deposition hole
Gone, at position of
deposition hole



KA3566G01
KA3566G01

KA3566G02
KA3566G02

KA3568D01
KA3568D01

KA3569G
KA3569G
KA3571G01
KA3571G01

KA3572G01
KA3572G01

KA3573A
KA3573A
KA3573A
KA3573A
KA3573A

KA3573C01
KA3573C01

KA3574D01
KA3574D01

KA3574G01
KA3574G01

KA3575G
KA3575G

KA3575G06
KA3575G06

KA3575G07
KA3575G07

KA3576G01
KA3576G01

KA3577G01
KA3577G01

KA3578C01
KA3578C01

KA3578G01
KA3578G01

KA3578G02
KA3578G02

KA3578H01
KA3578H01

KA3579D01
KA3579D01

KA3579G
KA3579G

KA3581G

KA3581G

KA3584G01
KA3584G01

0.00
30.01

0.00
30.01

0.00
2.30

0.00
8.04
0.00
10.00

0.00
12.00

0.00
3.00
6.00
9.00
40.07

0.00
2.05

0.00
2.05

0.00
12.00

0.0
8.04

0.00
15.10

0.00
13.55

0.00
12.01

0.00
10.00

0.00
2.09

0.00
12.58

0.00
10.00

0.00
1.90

0.00
2.00

0.00
22.65

0.00
8.04

0.00
12.00

7272.005
7250.985

7272.998
7294.461

7275.377
7276.716

7272.99

7272.98

7273.232

7 273.339

7273.358
7273.298

7270.896
7267.931
7264.965
7261.998
7231.275

7271.294
7270.267

7276.116
7277.250

7274.504
7274.444

7273.90
7274.12

7272.718
7267.054

7272.44
7261.36

7273.104
7272.960

7274.081
7 273.920

7271.850
7270.579

7274.219
7274.156

7 274.295
7274.247

7274.074
7274.017

7276.885
7278.054

7274.422
7274.535

7274.70

7274.84

7275.076
7274.944

A3:

1899.636
1896.388

1899.806
1902.714

1897.276
1899.144

1897.64
1896.29
1894.749
1894.721

1893.802
1893.742

1893.281
1892.840
1892.402
1891.969
1887.485

1891.464
1890.134

1891.143
1892.791

1891.733
1891.577

1891.67
1890.42

1890.647
1889.76

1890.6
1888.927

1889.874
1889.778

1888.803
1888.887

1887.023
1885.375

1887.842
1887.641

1887.235
1887.391

1887.146
1886.171

1886.525
1888.147

1886.684
1886.457

1885.71

1884.55

1881.877
1881.793

-448.566
-469.737

-448.568
-469.341

-445.830
-445.921

-448.57

-456.45

-448.527

-458.526

-448.512
-460.512

-446.068
-446.171
-446.280
-446.392
-447.552

-445.132
-443.958

-445.120
-444.674

-448.332
-460.331

-448.48
-456.38

-448.207
-462.176

-448.064
-455.682

-448.274
-460.283

-448.401
-458.399

-445.337
-445.532

-448.384
-460.962

-448.372
-458.371

-443.378
-441.748

-445.429
-445.464

-448.366
-471.015

-448.33

-456.25

-448.246
-460.245
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Gone, at position of
deposition hole
Gone, at position of
deposition hole

Gone, at position of
deposition hole
Gone, at position of
deposition hole



KA3586G01

KA3586G01

KA3587G

KA3587G

KA3588C01
KA3588C01

KA3588D01
KA3588D01

KA3588G01
KA3588G01

KA3588101
KA3588101

KA3589G01
KA3589G01

KA3590G01
KA3590G01

KA3590G02
KA3590G02

KA3592C01
KA3592C01

KA3592G01
KA3592G01

KA3593G
KA3593G

KA3597D01
KA3597D01

KA3597G01
KA3597G01

KA3597H01
KA3597H01

KA3600F
KA3600F
KA3600F
KA3600F
KA3600F

HG0020A01
HG0020A01
HG0020A01
HG0020A01
HG0020A01
HG0020A01
HG0020A01

HG0021A01
HG0021A01
HG0021A01
HG0021A01
HG0021A01
HG0021A01
HG0021A01
HG0021A01
HG0021A01

HG0022A01

0.00

8.00

0.00

8.04

0.00
2.04

0.00
1.90

0.00

8.00

0.00
1.96

0.00
10.00

0.00
30.06

0.00
30.05

0.00
2.10

0.00
10.00

0.00
30.02

0.00
2.22

0.00
10.00

0.00
2.06

0.00
3.00
6.00
9.00
50.10

0.00
3.00
6.00
9.00
12.00
15.00
31.84

0.00
3.00
6.00
9.00
12.00
15.00
18.00
21.00
3172

0.00

7275.93

7276.02

7275.596

7275.773

7273.255
7272.025

7278.152
7279.241

7275.07

7275.00

7275.924
7276.729

7275.801
7 275.828

7275.410
7254.076

7276.412
7297.885

7273.859
7272.621

7276.223
7276.230

7276.375
7276.856

7279.350
7280.669

7276.804
7276.758

7276.032
7275.606

7275.456
7274.343
7273.236
7272.133
7257.020

7297.41
7294.95
7292.49
7290.03
7287.57
7285.11
7271.30

7297.65
7295.21
7292.76
7290.31
7287.86
7285.41
7282.96
7280.51
7271.76

7297.95

A3:

1879.49

1879.31

1879.895

1878.475

1876.954
1875.333

1877.826
1879.382

1878.34

1878.26

1877.473
1877.547

1876.931
1876.893

1875.889
1873.397

1876.052
1879.046

1872.861
1871.172

1873.982
1874.025

1873.859
1868.598

1869.120
1870.902

1869.935
1869.927

1868.465
1867.367

1866.012
1863.228
1860.441
1857.653
1819.452

1941.63
1939.91
1938.20
1936.49
1934.78
1933.07
1923.48

1940.83
1939.10
1937.37
1935.64
1933.91
1932.18
1930.45
1928.72
1922.53

1940.12

-448.15

-456.14

-448.208

-456.120

-445.443
-445.585

-445.237
-445.296

-448.10

-456.10

-443.338
-441.553

-448.148
-458.148

-448.063
-469.093

-448.080
-468.888

-445.254
-445.092

-448.079
-458.079

-448.073
-477.625

-445.096
-444.978

-448.026
-458.026

-443.177
-441.487

-445.583
-445.679
-445.774
-445.862
-447.068

-446.30
-446.46
-446.61
-446.76
-446.92
-447.08
-447.98

-446.29
-446.38
-446.47
-446.56
-446.65
-446.74
-446.84
-446.93
-447.26

-446.29
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Gone, at position of
deposition hole
Gone, at position of
deposition hole

Gone, at position of
deposition hole
Gone, at position of
deposition hole

Gone, at position of
deposition hole
Gone, at position of
deposition hole



HG0022A01
HG0022A01
HG0022A01
HG0022A01
HG0022A01
HG0022A01

HG0022A02
HG0022A02
HG0022A02
HG0022A02

HG0023A01
HG0023A01
HG0023A01
HG0023A01

HG0023A02
HG0023A02
HG0023A02
HG0023A02

HG0024A01
HG0024A01
HG0024A01
HG0024A01

HG0024A02
HG0024A02
HG0024A02
HG0024A02

HG0025A01
HG0025A01
HG0025A01
HG0025A01

HG0025A02
HG0025A02
HG0025A02
HG0025A02

HG0025A03
HG0025A03
HG0025A03
HG0025A03

HG0026A01
HG0026A01
HG0026A01
HG0026A01

HG0026A02
HG0026A02
HG0026A02
HG0026A02

HG0027A01
HG0027A01
HG0027A01
HG0027A01
HG0027A01
HG0027A01
HG0027A01
HG0027A01
HG0027A01
HG0027A01

HG0028A01
HG0028A01
HG0028A01
HG0028A01
HG0028A01

HG0028A02
HG0028A02

3.00

6.00
9.00
12.00
15.00
33.44

0.00

3.00

6.00
32.74

0.00

0.00

43.76

0.00

7295.51
7293.08
7290.64
7288.20
7285.76
7271.60

7298.12
7295.72
7293.32
7271.94

7298.58
7296.21
7293.85
7272.16

7298.84
7296.55
7296.55
7272.70

7298.85
7296.21
7294.34
7272.52

7299.10
7296.87
7294.63
7272.91

7299.03
7296.84
7294.65
7272.77

7299.24
7297.08
7294.92
7273.20

7299.20
7297.49
7295.79
7274.52

7299.40
7297.73
7296.07
7274.95

7299.62
7297.99
7296.37
7275.03

7299.78
7298.26
7296.73
7295.21
7293.69
7292.17
7290.65
7289.14
7287.62
7275.52

7299.95
7298.45
7296.95
7295.45
7275.89

7300.23
7298.75

A3:

1938.38
1936.63
1934.89
1933.15
1931.40
1921.26

1940.01
1938.21
1936.42
1920.47

1938.58
1936.74
1934.91
1918.06

1937.90
1935.97
1934.04
1915.87

1937.43
1936.74
1933.49
1914.40

1937.03
1935.04
1933.05
1913.63

1936.69
1934.65
1932.61
1912.19

1936.47
1934.40
1932.33
1911.46

1936.23
1933.76
1931.30
1900.16

1935.99
1933.50
1931.01
1899.35

1935.75
1933.24
1930.72
1897.51

1934.93
1932.35
1929.77
1927.19
1924.60
1922.02
1914.26
1916.85
1914.26
1893.48

1934.46
1931.87
1929.27
1926.67
1892.50

1934.00
1931.39

-446.43
-446.58
-446.73
-446.88
-447.02
-447.90

-445.26
-445.45
-445.64
-447.41

-445.43
-445.63
-445.84
-447.80

-444.89
-445.09
-445.30
-447.26

-445.44
-445.63
-445.84
-447.79

-444.78
-444.99
-445.20
-447.33

-445.41
-445.61
-445.80
-447.81

-444.72
-444.93
-445.13
-447.26

-445.41
-445.55
-445.69
-447.58

-444.78
-444.92
-445.07
-447.05

-445.36
-445.48
-445.60
-447.35

-445.30
-445.41
-445.54
-445.66
-445.79
-445.91
-446.04
-446.16
-446.29
-447.36

-444.66
-444.78
-444.91
-445.04
-446.84

-445.31
-445.41



HG0028A02
HG0028A02
HG0028A02

HG0029A01
HG0029A01
HG0029A01
HG0029A01
HG0029A01

HG0029A02
HG0029A02
HG0029A02
HG0029A02
HG0029A02

HGO0030A01
HG0030A01
HGO0030A01
HGO0030A01
HG0030A01

HG0030A02
HGO0030A02
HG0030A02
HGO0030A02
HG0030A02

HG0031A01
HG0031A01
HG0031A01
HG0031A01
HG0031A01

HG0032A01
HG0032A01
HG0032A01
HG0032A01
HG0032A01

HG0032A02
HG0032A02
HGO0032A02
HG0032A02
HGO0032A02
HG0032A02
HG0032A02
HG0032A02
HG0032A02
HG0032A02

HGO0033A01
HG0033A01
HGO0033A01
HG0033A01
HGO0033A01
HGO0033A01
HGO0033A01
HG0033A01
HGO0033A01

KG0021A01
KG0021A01
KG0021A01
KG0021A01
KG0021A01

KG0023A01
KG0023A01
KG0023A01

KG0027A01
KG0027A01
KG0027A01

KG0033A01

6.00
9.00
49.70

0.00
3.00
6.00
9.00
50.50

0.00
3.00
6.00

51.73

54.28

0.00
3.00
6.00
9.00
12.00
15.00
18.00
21.00
24.00
57.74

0.00
3.00
6.00
9.00
12.00
15.00
18.00
21.00
58.98

0.00
3.00
6.00
9.00
48.82
0.00

3.00
6.00
0.00
3.00
6.00

0.00

7297.28
7295.81
7275.99

7300.19
7298.77
7297.35
7295.93
7276.43

7300.51
7299.09
7297.68
7296.27
7276.38

7300.65
7299.26
7297.88
7296.50
7276.76

7300.88
7299.51
7298.15
7296.78
7276.75

7300.99
7299.65
7298.30
7296.96
7277.22

7301.31
7299.98
7298.65
7297.32
7277.45

7301.56
7300.29
7299.02
7297.75
7296.49
7295.23
7293.98
7292.72
7291.47
7277.53

7302.01
7300.77
7300.77
7298.30
7297.07
7295.84
7294.61
7293.39
7278.16

7297.915
7295.726
7293.539
7291.353
7262.334

7298.42
7296.03
7293.65

7299.66
7298.10
7296.54

7301.76

A3:

1928.78
1926.17
1890.66

1933.56
1930.92
1928.28
1925.64
1889.04

1933.07
1930.43
1927.78
1925.14
1887.35

1932.79
1930.13
1927.47
1924.81
1886.44

1932.00
1929.33
1926.67
1923.99
1884.37

1931.62
1928.94
1926.26
1923.58
1883.68

1930.79
1928.10
1925.41
1922.73
1882.08

1930.46
1927.75
1925.03
1922.31
1919.59
1916.87
1914.15
1911.43
1908.70
1878.01

1928.74
1926.01
1923.28
1917.81
1917.81
1915.08
1912.34
1909.61
1874.85

1941.001
1939.160
1937.317
1935.476
1911.037

1939.36
1937.55
1935.74

1935.40
1932.84
1930.28

1929.81

-445.52
-445.63
-447.22

-444.66
-444.78
-444.90
-445.02
-446.82

-445.35
-445.45
-445.55
-445.66
-447.27

-444.58
-444.69
-444.79
-444.90
-446.66

-445.31
-445.40
-445.50
-445.59
-447.23

-444.58
-444.68
-444.79
-444.89
-446.58

-444.53
-444.64
-444.74
-444.85
-446.60

-445.26
-445.36
-445.46
-445.56
-445.66
-445.77
-445.87
-445.98
-446.09
-447.43

-445.10
-445.20
-445.29
-445.39
-445.48
-445.58
-445.68
-445.77
-447.10

-445.153
-444.246
-443.338
-442.427
-430.334

-445.36
-445.57
-445.79

-445.08
-445.19
-445.29

-445.08



KG0033A01
KGO0033A01

KG0048A01
KG0048A01
KG0048A01
KG0048A01
KG0048A01

3.00
6.00

0.00
3.00
6.00
9.00
54.69

7300.52
7299.27

7307.032
7304.877
7302.724
7300.574
7267.818

A3:

1927.08
1924.36

1915.444
1913.490
1911.533
1909.572
1879.695

-445.19
-445.29

-444.494
-443.762
-443.030
-442.305
-431.259
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