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FOREWORD 

The booklet Aspb Hard Rock I aboratory - l O years of research, available from 
the SKB, provides the reader with a popular review of the achievements. This 
report is No l of six summarizing the pre-investigation and construction phase 
of the Aspb Hard Rock Laboratory. 

The reports are: 

Stanfors R, Erlstrbm M, Markstrom I. 
Aspb HRL - Geoscientific evaluation 1997 /l. 
Overview of site characterization 1986-1995 
SKB TR 97-02. 

2 Rhen I (ed), Backblom (ed), Gustafson G, Stanfors R, Wikberg P. 
Aspb HRL - Geoscientific evaluation 1997 /2. 
Results from pre-investigations and detailed site characterization. 
Summary report. 
SKB TR 97-03. 

3 Stanfors R, Olsson P, Stille H . 
Aspb HRL - Geoscientific evaluation 1997 /3. 
Results from pre-investigations and detailed site characterization. 
Comparison of predictions and observations. 
Geology and Mechanical stability. 
SKB TR 97-04. 

4 Rhen I, Gustafson G, Wikberg P. 
Aspb HRL - Geoscientific evaluation 1997 /4. 
Results from pre-investigations and detailed site characterization. 
Comparison of predictions and observations. 
Geohydrology, Groundwater chemistry and Transport of solutes. 
SKB TR 97-05. 

5 Rhen I (ed), Gustafson G, Stanfors R, Wikberg P. 
Aspb HRL - Geoscientific evaluation 1997 /5. 
Models based on site characterization 1986-1995. 
SKB TR 97-06. 

6 Almen K-E (ed), Olsson P, Rhen I, Stanfors R, Wikberg P 
Aspb Hard Rock Laboratory 
Feasibility and usefulness of site investigation methods. 
Experiences from pre-investigation phase. 
SKB TR 94-24 
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The background and objectives of the project are presented in a background 
report to SKB R&D Programme 1989 (Hard Rock Laboratory), which contains 

a detailed description of the HRL project 

The purpose of this report, No. 1, is to present an overview of all investigations 
performed during both the pre-investigation and construction phase. The 

evaluation of the pre-investigation is presented in Report 2-4. The 1996 models 
over Aspo HRL, the concepts behind it and some comments regarding how the 
model has developed based on data from the pre-investigation and construction 

phase of Aspo HRL are presented in Report 5. 

March 1997 

Roy Stanfors Mikael Erlstrom Ingemar Markstrom 
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ABSTRACT 

Geological investigations for the Aspb Hard Rock Laboratory in the region 
around Aspo began in 1986. Aspo was selected as the laboratory site in 1988 
and construction of the underground facility started in October 1990. 
Construction of the laboratory was completed in the summer of 1995. 

This report gives a comprehensive compilation of the different investigations 
performed during the pre-investigation phase 1986-1990 and the excavation 
phase 1990-1995. The information is mainly compiled in CAD-generated 
maps, tables and illustrations in which the reader can gather information 
concerning the scope of work as well as references to more detailed reports for 
further study. 

ABSTRACT (Swedish) 

Geologiska forundersokningar for Aspolaboratoriet paborjades 1986. 1988 
utsags Aspo som lamplig plats for laboratoriet och i oktober 1990 paborjades 
utsprangningen av undermarksdelarna. Anlaggningen var fardigstalld 1995. 

Denna rapport ger en sammanstallning av alla undersokningar som utforts saval 
under forundersokningsskedet ( 1986-1990) som under konstruktionsskedet 
(1990-1995). Information redovisas huvudsakligen pa CAD-ritningar och i 
tabeller med referens till rapporter. 



V 

TABLE OF COl\lTEI"fI'S 

FOREWORD ............................................... 1 

ABSTRACT ............................................... iii 

ABSTRACT (Swedish) ....................................... iii 

TABLE OF CONTENTS ...................................... v 

1 INTRODUCTION ........................................... I 
1.1 INVESTIGATION DAT ABASE (SICADA) ........................ I 

2 OVERVIEW OF THE PRE-INVESTIGATIONS 1986-1990 ........ 3 
2.1 PRE-INVESTIGATION - SITING STAGE ......................... 3 
2.2 PRE-INVESTIGATION - SITE DESCRIPTION STAGE ............. 3 
2.3 PRE-INVESTIGATION - PREDICTION STAGE ................... 8 
2.4 PRE-INVESTIGATION - BOREHOLES ......................... 29 

3 COMPLEMENTARY SURFACE INVESTIGATIONS ........... 73 
3.1 CORED BOREHOLES ....................................... 73 
3.2 PERCUSSION BOREHOLES .................................. 88 

4 TUNNEL INVESTIGATIONS ................................ 93 
4.1 OVERVIEW OF BOREHOLES SAMPLING AND SPECIAL 

STUDY AREAS ............................................. 93 
4.2 DETAILED DESCRIPTION OF SPECIAL STUDY AREAS ........ I 02 
4.3 COMPILATION OF DIFFERENT INVESTIGATION ACTIVITIES .. 126 
4.4 BOREHOLE INVESTIGATIONS .............................. l 29 
4.5 DOCUMENTATIONOFTUNNELDATA ...................... 149 

5 ACKNOWLEDGEMENTS .................................. 153 

APPENDIX 1 · BIBLIOGRAPHY 

O\1311\PDOC\13080067\00lK0lRS.WPD\13 March 1997 



1 INTRODUCTION 

The aim of this report is to compile all investigations performed for the Aspo 

Hard Rock Laboratory during 1986-1995. In Chapter 2 of the report all the 

different pre-investigations are listed in chronological order (Tables 2-1 to 2-3) 

with figures and references. Chapter 3 comprises an overview of complemen

tary surface investigations performed after the pre-investigations. Chapter 4 

comprises an overview of all investigations performed in the tunnel during the 

excavation phase. 

Roy Stanfors and Mikael Erlstrom compiled the report. CAD-generated maps 

and illustrations were performed by Ingemar Markstrom and Gitte Isacsson. 

An overview of the pre-investigations ( Chapter 2 in this report) was presented 

in SKB TR 91-20. This report replaces TR 91-20. 

1.1 INVESTIGATION DATABASE (SICADA) 

Investigation data collected during the pre-investigation phase and the 

construction phase can be found in the SKB Site Characterisation Database 

System (SICADA). Three database applications are available: 

S ICAD A/Diary 
SICADA/Finder 
S ICAD A/Retriever 

A graphical application for logging activities performed 
A graphical application for data retrieval 
A text-based application for data retrieval (replaces 

previous database GEOTAB). 

The SICADA/Diary application is used to log activities and capture data from 

the work performed. The activity log table is an activity diary and all selected 

activities are shown chronologically. All data has a time and user identification 

code. 

The SICADA/Finder data retrieval application is used to view data. It is 

possible to get printed table reports, reports to file and view data on the screen. 

When working with SICADA/Finder it is possible to retrieve data from one 

table or join two tables and then retrieve the result. Search conditions can be 

set on any column in selected table(s). 

The SICADA/Retriever application is a classic text terminal programme that 

is useful for the long distance user who is connected to the network by using 

a serial modem line. The user has only the possibility to retrieve data marked 

with a quality signature. 
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2 OVEltVIEW ()F1 TlIE Rf1>H\JVESTIGA'I'IONS 
1986~1990 

Pre-investigations for the AHRL were 
regional investigation area measured about 

in several stages 1986-1990. The 
by 25 km, see Figure 2- I, 

2.1 PRE~INVESTIGATION - SITING STAGE 

The pre-investigations started with a regional survey comprising many different 
methods (magnetic, coaxial EM, Radiometnc and two-station VLF). Gravity 
measurements and some ground geophysical profiles (magnetic and VLF) 
complemented the aero geophysical survey on the islands Avrb and Aspti and 
in the Laxemar area. 

Lineaments in the Simpevarp area were interpreted from different digital terrain 
models and solid rock was mapped to a scale of 1: 10 000 in an area close to 
Simpevarp and to a scale of l :50 000 in a larger, outer area. Fractme m,.ipping 
and special tectonic studies were carried out with the main goal of describing 
the geometry of the fractures and characterizing the main sets of tectonic zones 
identified in the area. 

An analysis was made of data from SGU Well Records and a compilation made 
of geohydrological data from the pre-investigations and construction works for 
the power plant and the CLAB interim storage facility for spent fuel, alJ in the 
Simpevarp area. Chemical data from the SGU Well Records were used to 
define the composition of the shallow groundwater in the area. 

The investigation methods used in the first regional stage and the main issue 
of the surveys are presented in Table 2-J and Figures 2-1, 2-2 and 2-3. 

2.2 PRE-INVESTIGATION~ SITE DESCRIPTION STAGE 

During investigation in 1987 drilling was performed in the areas of A vrb, Aspb 
and Laxemar. A number of percussion boreholes were drilled to obtain 
preliminary information of the bedrock composition and hydraulic properties 
of the shallow portion of the bedrock. The shallow groundwater chemistry was 
analysed as welL On Aspb 12 percussion boreholes were drilled, at Laxemar 
seven and on A vrb four percussion boreholes. 
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Three core boreholes ( KAS 1 02-04) were drilled based on a preliminary 
geological and geohydmtoglcal model of Aspb. The core borehole KLX 0 1 in 
the central part of i1 major block in the Laxemar area was drilled as a reference 
hole. 

The solid rocks on Aspi.:i were mapped to a scale of 1 :2000. 

1 'K' stands for cored borehole, 'H' stands for percussion drilled boreholes, 'AS' 
stands for Aspi:i, 'AV' stands for Avri:i and 'LX' stands for Laxemar. 
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A very detailed study of lithology and fracturing was made along cleaned 
trenches across the island. A detailed struclural analysis was made of terrain 
features on Aspo, based on the study of topographical maps to a scale of 
1 :4000, and with a contour interval of 1.0 m. Maps showing lineamenls and 
rock blocks of different order~ were presented. 

A fracture mapping programme was executed on outcrops following the 
cleaned trenches. It included integrated results regarding strikes, dips and 
fracture densities, lengths and spacings of the fractures. 

In order to investigate and delineate the local tectonic setting of the island of 
Aspo, detailed magnetic and electric mapping of the entire island was carried 
out during the autumn of 1988. Ground radar measurements were performed 
on the soulhern part of Aspo. 

Transient inter[ erence pump tests were performed in the cored boreholes KAS 
02 and KAS 03, and from these investigations major hydraulic conductors were 
identified. The surface hydrology of the Simpevarp area was compiled to 
provide basic input. 

Detailed groundwater chemical analyses were made on the water sampled from 
conductive sections of boreholes KAS 02-04 and KLX 01. Additionally, 
percussion boreholes on Aspo, Laxemar and Avro were sampled in order to 
provide background information on the composition of shallow groundwater. 

The methods used for the local scale investigations arc presented in Figures 2-4 
to 2-12 and Tahle 2-2. 

2.3 PRE-INVESTIGATION -PREDICTION STAGE 

Based on the results from the local investigations the southern part of Aspo was 
selected as the most suitable location for the HRL. Four additional core 
boreholes were directed towards indicated zones of geological and hydraulic 
importance. They were drilled to a vertical depth of approximately 500 m. 
Short term pumping tests were made to find out the hydraulic connections in 
the rock mass. 

The results of the site scale investigations are presented in Figures 2-13 to 2-16 
and Table 2-3. 

Due to the chan.ge in layout, in which the entrance to the tunnel was moved to 
the Simpcvarp area, a complementary drilling programme was executed. KAS 
09-1 I and KAS 14 were drilled to give information on the indicated fracture 
zones to the south of Aspo. An almost horizontal core borehole, KEH 02, was 
drilled from Halo-Aspti, approximately parallel to the tunnel (Figure 2-14). 
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The percussion boreholes, HAS 18-20 and two more boreholes, KAS 12-13, 

were performed in order to improve the knowledge about the main fracture 

zones on southern Aspo. 

Table 2-1. Pre-investigation - siting stage. Regional scale 25 x 25 km. 

Investigation method Main issue of the survey 

AERIAL GEOPHYSICAL SURVEY 
(Figure 2-1) PR 25-87-04, PR 25-87-23 

• Magnetic • Bedrock interpretation. 

• Co-axial EM (slingram) • Fracture zone interpretation. 

• VLF (two station, GQD and JXZ) • Fracture zone (waterbearing) interpreta-

tion. 

• Radiometric • Bedrock interpretation. 

GROUND GEOPHYSICS 
(Figure 2-1) PR 25-87-20, PR 25-89-13 
PR 25-89-23 

• Gravity ( one station/km 2
) • Bedrock interpretation . 

• Magnetic and VLF profile mea- • Investigation of aeromagnetically indi-

surements cated lineaments. 

• Seismic refraction • " 

PETROPHYSICS (Figure 2-1) 
PR 25-88-06 

• Density, magnetic susceptibility, • Bedrock interpretation. 

magnetic remanence, IP, porosity 
(257 rock samples) 

LINEAMENT ANALYSIS (Figure 2-1) • Fracture zone interpretation . 
PR 25-87-21 

MAPPING OF SOLID ROCKS, • Distribution and characterization of the 
I :50000 main rock units. 
(Fif{ure 2-2) PR 25-87-02 

TECTONIC ANALYSIS - FRACTURE • Characterization of the main tectonic 
MAPPING (Figure 2-2) PR 25-87-03, zones. 
PR 25-87-05 • Description of general fracture pattern . 

REGIONAL HYDROLOGY 
(Figure 2-3) 

• Compilation of available data in • Precipitation, evaporation, run-off and 

databases and reports. PR 25-87-09 groundwater recharge. 

GEOHYDROLOGY (Figure 2-3) 

• Compilation of available data in • Groundwater chemical composition and 

SGU well database. PR 25-87-07 the specific capacity of wells in relation to 

the rocktype and subareas. 

• Well water chemical records • Define the variation of the well water 

(Figure 2-3). PR 25-87-08 composition correlated to the bedrock and 

the hydraulic properties. 
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Table 2-2. Pre-investigation - s!Hng .;;rage, The Avro, Aspo1 Laxemar and 
Glostad areas. 

Investii.:ation method Main issue of the survey 
STRUCTURAL ANALYSIS ~ Fracture wne interpretation. 
(Figure 2-4) PR 25-87-22. 
PR 25 87 27 

MAPPING OF SOLID ROCKS 0 Bedrock interpretation. 
l: 10 000 
(Figure 2-4) PR 25-87-02a, 

STRUCTURAL GEOLOGICAL ~ Structural geological characterization. 
ANALYSIS 
(Fir;ure 2-4) PR 25-88-05 

GROUND GEOPHYSICS ~ Fracture zone interpretation. 
(Figures 2-4 and 2-5), PR 25-87-0 I, PR 
25-87- 16, PRA V 77 /1, PR 25-88-16 

• Magnetic ., Fracture zone interpretation 
(vertical or more or less vertical). 

• VLF .. - -

• Slingram ~ - -

& Seismic refraction (Figure 2-6), a - -

PR 25-87-15 

• Seismic reflection (Figure 2-(i), e Fracture zone interpretation (sub-
PR 25-89-02, PR 25-87-14 horizontal). 

DETAILED GEOLOGICAL • Detailed petrological description of rocks. 
MAPPING 
(Figure 2 7), PR 25-88-12 

DETAILED GEOPHYSICAL • Delineate the local pattern of fracture 
INVESTIGATION (Figure 2-7) PR 25- ;,ones. 
88- 16, PR 25-89-0 l, PR ...,5-89-12 

DETAILED STUDY OF e Understanding the geological history of 
GEOLOGICAL STRUCTURES AND the rocks and to study the main sets of 
TECTONIC HISTORY tectonic zones. 
(Figure 2-7), PR 25-88-05, 
PR 25-89-1 I, PR 25-89-15 

FRACTURE MAPPING STUDY • Obtain data for use in geo-hydrological 
(Figure 2-3), PR 25-88-10 and rock mechanics model studies. 

FIRST DRILLING PROGRAMME • Obtain preliminary information on the 
(Fig urn· 2-R and 2-9), PR 25-88-03, bedrock composition and the hydraulic 
PR 25-88-06, PR 25-88-07, properties of the shallow portion of the 
PR 25-88-11, PR 25-88-15, bedrock. 
PR 25-88-18, PR 25-89-10, 8 Test the first geological model of Aspi:i. 
PR 25-88-17 • Obtain basic information on the bedrock 
• HAS 0 1-12 (Percussion boreholes) 

composition, orientation and 
• HA VO 1-04, 07 characteristics of the local fracture zones 
• HLX 01-07 and the hydraulic properties of the rock 

• KAS 01-04 (Core boreholes) mass at increasing depth. 
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Table 2-2 ( continued). Pre-investigation • siting stage. The Avro, Aspo, 

Laxemar and Glostad areas. 

-
Investigation method Main issue of the survey 

FIRST DRILLING PROGRAMME 

(cont.) 

• Geophysical logging 

• Core logging 

• TV-orientation 

• Fracture mineral study 

• Rock stress measurement 

GEOHYDROLOGY (Figure 2-/0) 

• Compilation of available data from . Hydraulic conductivity of the bedrock and 

reports mainly considering CLAB common fracture directions. 

and OIII. PR 25-87- l 0 

HYDRAULIC TESTS IN 

PERCUSSION BOREHOLES 
(Figure 2-10) . Drilling records, air-lift tests and . Find conductive parts and the specific 

pumping tests. PR 25-87-11, capacity of the boreholes. Determine the 

PR 25-88-14 transmissivity and preliminary indications 

of hydraulic structures. 

Table 2-2 ( continued). Pre-investigation - siting stage. The Aspo - Halo 

area. 

Investh!:ation method Main issue of the survey 

HYDRAULIC TESTS IN CORE 

BOREHOLES 
(Figure 2-/0), PR 25-87-04, 
PR 25-87-23 

KAS 01-04 . Air-lift tests, PR 25-88-14 . Transmissivity of a part of the whole 

borehole. . Pumping tests, PR 25-88-14 . Clean up the boreholes. Pumping for the 

spinner survey and estimating the 

transmissivity of the whole borehole. 

Preliminary indications of hydraulic 

structures. . Spinner survey. PR 25-88-14 . Identification of hydraulic conductors 

intersecting the borehole and flow . Injection tests with packers (3 m distribution in the borehole . 

and 30 m test interval), . Hydraulic conductivity of the bedrock in a 

PR 25-88-14 small scale. . Interference tests, pumped sections 

limited by packers. Six tests in . Identification of important hydraulically 

KAS 03 and three in KAS 02. conductive zones and their transmissivity. 

PR 25-88-13 
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Table 2-2 (continue). Pre-investigation - siting stage. The Aspo - Halo 
area. 

Investigation method Main issue of the survey 
COMBINED EVALUATION OF . Find correlation between geological, 
GEOLOGICAL, GEOHYDRO- geohydrological and geophysical data. 
LOGICAL AND GEOPHYSICAL . Examine the distribution of some of the 
INFORMATIONS. parameters along the boreholes and the 
(Figure 2-10) correlation between the boreholes. 

Evaluate how to optimize the . PR 25-89-03 hydrogeological investigation. Present 
information for the conceptual model. 

PIEZOMETRIC HEAD 
MEASUREMENTS . PR 25-90-18 

NUMERICAL GEOHYDROLOGICAL 
SIMULATIONS (Figure 2-10) . 3-D model, PR 25-87-12 . Evaluate the hydraulic heads and inflow 

to tunnels for two proposed design 
alternatives of the rock laboratory. . 2-D vertical profile model, . Examine the influence of the laboratory to 

PR 25-88-17 decide the size of the 3-D model. . 3-D model, PR 25-88-17 . Examine different boundary conditions. . 2-D vertical profile model . Examine the interface between fresh 
including density dependent flow, groundwater and saline water below an 
PR 25-88-02 island for a few cases with different sets 

of hydraulic conductivities. 

. 2-D vertical profile model . Examine the salinity stratification and 
including density dependent flow flow field due to random distributed 
and random distributed hydraulic hydraulic conductivities with a given 
conductivities, PR 25-88-09 statistical distribution. . 3-D FE model, PR 25-89-05 . Sensitivity analysis of boundary 

conditions and structure properties. 

FRACTURE MINERAL STATISTICS . Define the special variation in fracture 
PR 25-88-11 minerals in correlation to hydraulic 

properties. 

GROUNDWATER SAMPLING . Define the character of the groundwater in 
FROM SHALLOW PERCUSSION the uppermost I 00 m part of the bedrock. 
BOREHOLES. (Figure 2-1}) Characterize the chemical composition of 
PR 25-87-02 the deep groundwater. 



13 

Table 2-2 (continued). :Pre"investigatfon • siting stage. The Aspo • Halo 
area. 

Inve,s;t1~ation method ~=---~· Main fo5ue of the sur~. 
SAMPLING AND ANALYSIS OF 0 Define the chemistry and radioactivity of 
GROUND-WATER FROM DEEP the surface water in the area. 
CORE DRILLED BOREHOLES 
(Figure 2-1]) 
PR 25-87-03, PR 2S-87-05 

SAMPLING AND ANALYSIS OF . Define the chemistry and radioactivity of 
SURFACE WATER. PR 25-87-09 the surface water in the area. 

Table 2-3. Pre-investigation • prediction stage. Aspo-Ha!o. 

Investh.::ation method Main issue of the survey 
SECOND DRILLING PROGRAMME . Test the second geological model of 
(Figure 2-12) southern Aspi:i. 
PR 25-89-07, PR 25-89-08, . Obtain information of the rock 
PR 25-89-09, PR 25-89-10, distribution at depth. 
PR 25-89-16, PR 25-89-17 . Obtain more detailed information on 

orientation and characteristics of the local . KAS 05-08 fracture zones including hydraulic 
properties. . HAS 13-17 

. Geophysical logging . Core logging . Rock stress measurement . VSP . Tele-viewer-orientation . Fracture mineral study 

SEISMIC REFRACTION (Figure 2-6). . Detailed identification of supposed 
PR 25-89-18 narrow fracture zones. 

FRACTURE MINERAL STATISTICS. . Define the special variation in fracture 
PR 25-88-06 minerals in correlation to hydraulic 

properties 

SAMPLING AND ANALYSIS OF . Characterize the chemical composition of 
GROUND-WATER FROM DEEP the deep groundwater. 
COREDRILLED BOREHOLES 
(Figure 2-11). PR 25-89-14 
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Cl-!EivIJC/\L ANALYSIS OF ' To characteri,e the chemical conditions in 

fRACTl'i<.E MINERALS TN the fracture minerals of conductive 
CONDl,CTIVE HU\CTURES fractures in 01der to be able to model the 

groundwater-fractute mineral reactions on 
southern Asoi:i. 

-~~M •~ -~~~-~-----r-r=-~•------:-....--------•~~i--~~---~-------~ 
HYDRAULIC TESTS. SECOND 
DRILLING PROGRAJV!ME 
(Figure 2-12) 
PR 2S-89-20. PR 25-90-09 

Drilling records, air lift tests 
HAS 13-17 
Air lift tests. KAS 05-08 
Pumping tests, KAS 06-07 
Spinner survey, KAS 06-07 
Injection tests with packers (3 m 
test interval),KAS 05-08 
Longtirne pumping test, KAS 07 

NUMERICAL GEOHYDROLOGICAL 
SIMULATIONS (Figure 2-12) 
• 3D-FE-model PR 25-90-04 

3D-FD-model PR 25-90-03 
• Al (see sep.) • 

THIRD DRILLING PROGRAMME • 
(Figures 2-13 and 2-14). PR 25-90-05, 
PR 25-90-06, PR 25-90-07, • 
PR 25-90-08 
• KEH 01-02 (Figure 2-14) 

• KAS 09-14 (Figure 2-/3) 
• HAS 18-20 (Figure 2-/3) 
• Geophysical logging 
• Core logging 

see second phase, "Hydraulic tests". 

Identification of important hydraulically 
conductive zones, their transmissivity and 
boundary conditions. 

Prediction of the long time pumping test 
in KAS 07 

Localize and characterize fracture zones 
in the tunnel area. 
Get more detailed information concerning 
the fracture zones EW-l and NE-2. 
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Table 2-3 (continued). Pre-investigation - prediction stage. Aspo-Halo. 

lnvestigation method Main issue of the survey 
HYDRAULIC TESTS. THIRD 
DRILLING PROGRAi\llME 
(Figures 2-/3 and 2-14) . Drilling records. air lift tests . see seconJ pha.se. "Ilydraulic tests" 

HAS 18-20. pumping test in 
HAS 20 . Air lift tests, KAS 09-14 . . - -
KBH 01-02 . Pumping tests, KAS 09, 11-14. . .. 
KBH 02 . Spinner survev. KAS 09. 11- 14 . " 

GROUNDWATER SAMPLING AND . Define salinity and major constituents of 
ANALYSlS the _groundwater in conductive zones. 
SEISMIC REFRACTION (Sirnpevarp-
Asob-Halo1 (Fi1,;11re 2-15). PR 25-89-18 
DETAILED ELECTRIC AND 
MAGNETIC lNVESTIGATION 
(1--lilli\-Aspo) (Figure 2-15) 
PR 25-89-19, PR 25-89-22 
DISCRETE FRACTURE . Generic modelling of the llow through a 
MODELLING 50 m cube. The object was to tesi discrete 
PR 25-89-21 fracture flow modelling. 
NUMERICAL GEOHYDROLOGJCAL 
SIMULATIONS (FiRure 2-/6) . 3D+FE model . Preliminary predictions of the long I ime 

PR 25-90- 10 pumping test in KAS 06 performed a~ a 
tracer test Model based on a preliminary 
conceptual model. . 3D+FD model . Preliminary predictions of the drawdown 

PR 25-90-11 and the inflow to the tunnel during the 
excavation of the J\spo HRL. Model 
based on a preliminary conccpLUal model. . 3D+FD m()dcl . Predictions of the drawdown and the 

PR 25-91 -03 inflow to Lhe tunnel during the excavation 
or the Aspi> HRL Model based on the 
conceptual model 1990. 

GEOHYDROLOGY . Work up measured data . Evaluate and reevaluatc measured data 
PR 25-9 I - I 6a and present theoretical consideration in 
PR 25-9 1- 16b short text which arc succes~ively 

presented according to a mail list. The 
reports are worked up text~. . Input data for numerical modelling . Gather and work up the information that 

PR 25-9 l-17a is necessary for the numerical simulations 
PR 25-9l- 17b from other reports. 
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Aspo Hard Rock Laboratory 
Detailed investigations in the inner Simpevarp 

~ 

-(!)-

a 
~ 

(} 

0 1000 

area 

N 

t 
2000 m 

Pre -investigation phase 

Geophysical profile 
(Laxemar, Bussvik) 

Geophysical profile 
measurements. 

Structural analys is of 
con tour maps and 
detailed petrographic 
description of the A vro, 
Aspo, Bussvik, L. Laxemar 
and Glostad areas. 

Reports: PR 25-87- 01 
PR 25-87- 02 a 

PR 25-87-22 
PR 25-87-27 
PR 25-88-05 
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Aspo Hard Rock Laboratory Pre-investigation phase 
Geophysical profile measurements in the Aspo- Avro area 

GEOPHYSICS 

-- Electrical soundings 

-- Magnetic and ~ 
radiometric profiles ~--- VLF and Wadi profiles 

-- Resistivity profiles 

Area cover~d by 
VLF and resistivity 
measurements 

Grid net for slingram 
and magnetometer 
measurements 1987 
Line sep. - 200 m 
Reading separation: 
Slingram - 20 m 
Magnetometer - 5 m 

Reports: PR 25-87-14 
PR 25-88- 16 
PRAV 77/ 1 
PR 25-87-16 
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0 50 0 1000 m 
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Aspb Hard Rock Laboratory 
Seismic investigations in the Aspo-Avro area 

Regional ~ 
geohydrology ~ 
Report: PR 25 - 87-10 

SE ISM I CS 

;,,460() my 
◄ICO • 

/ -4400 m/• 

/ <4000 m/11 

/ 

Refraction 
seismics 

Reflection 
seismics 

Reports: PR 25-87-15 
PR 25-89- 02 
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0 500 1000 m 
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Aspo Hard Rock Laboratory Pre-investigation phase 
Detailed geological and geophysical investigations on AspO 

iN 

0 200 400 600 m. 
I I I • I I I 

Description to detailed 
maps of solid rocks 
including 3 cleaned 
trenches. 

Greenstone 

Aspo diorite 

Granite, fine-grained 

Smaland granite 

Mylonite 

Report : PR 25-88-12 

iN 

0 200 400 600 m 
I I I I I I 

Detailed geomagnetic 
and geoelectric 
mapping. 

Ground surface radar 
measurements. 

Reports: PR 25-89- 01 
PR 25- 89-12 

iN 

0 200 400 600 m 
I I I I I I I 

Detailed study of 
geological st uct ures 
and tectonic history . 

Fracture mapping study. 

Reports: PR 25 -88-05 
PR 25 -88-10 
PR 25 - 89-11 
PR 25-89-15 
PR 25-89-24 
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Aspb Hard Rock Laboratory 
Boreholes in lhe Laxemar and A vro areas 

Lake Frisksjon 

HLX02 o Aspo 

o HLX04 

o HLXOS 

o KLX01 

o HLX01 

HLX06 o o HLX07 

N 

t 
Laxemar 

o Core borehole 
0 Percussion borehole 

0 500 m 

Site investigations 

HAV07 
00 
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HAvoa A v ro 

o HAV04 
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HAV03 

o HAV06 HAVO· o 

KAV02o 
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Aspo Hard Rock Laboratory 
Boreholes in the first batch on Aspo 

Geology 

Geological description. 

Geophysical logging. 

Rock mechanics. 

Orientation of 
fractures. 

0 HAS0 2 

f 

HAS10 
0 

oHAS1 1 

o HAS09 

° KAS03 

KAS04 
0 

o HAS08 

A S P □ 
oHAS03 

Reports: PR 25-88-03 
PR 25-88-06 
PR 25-88-07 
PR 25-88-11 
PR 25-88-15 
PR 25-88-18 
PR 25-89-10 
PR 25-89-17 

0 100 200 300 400 500 m 

Pre-investigation phase 

t-.J 

o KASOJ Core borehol e 
0 HAsoa Percussion borehol e 
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Aspo Hard Rock Laboratory Pre-investigation phase 
Hydraulic tests and numerical geohydrological simulations 

iN 

Oskarshamn 
5 10 km 

I I I 

Numerical geohydrological 
simulations 

/ 2-D model plane 

D 3-D model plane 

Report: PR 25-88-17 

Generic models 

Reports: PR 25-87-12 
PR 25-88-02 
PR 25-88-09 
PR 25-89-05 

.. ..-

iN 
0 .5 1km 

J 

Compilation of geohydrological data 

Report: PR 25-87-10 ~ 

Hydraulic tests 

Reports: PR 25-88-11 
PR 25-88-llb 
PR 25-88-14 D 

Combined evaluation of geological, 
hydrological and geophysical 
information 

Report: PR 25-89- 03 0 

iN 

0 500 m 
I I I I I I 

Pumping tests 

Report: PR 25-88-13 D 
KAS02 ~ 
KAS03 5 Core boreholes 

I✓ 
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Aspo Hard Rock Laboratory Pre - investigation phase 
Sampling and analyses of groundwater 

r-r-~---w&-~---- --- - -------~--------
1 
I 
1 r~-=-.==-:.. ~-=-d<1--~-~_s._1v 

lake Fr i sksj ~1 

~
I 
I" 

I I: 
I' 1; 
1, 

, I 
LAXE~fR .__ __ _ 

t - - ~~-z-L---SIMPEVARP~---1 --- -------- - C 
______ , _ _J 

iN 

0 1000 m 

Sampling and analyses of 
groundwater from boreholes: 

KAS 02 - 08 
KLX 01 
HAS 01 - 12 
HLX 01 - 07 
HAV 02 - 04, 07 

Reports: PR 25-88-04 

PR 25-89- 01 

PR 25-89-14 
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Aspb Hard Rock Laboratory 
Boreholes in the first and second batch on Aspo 

0 

o HAS11 

0 HAS09 

° KAS03 

KAS04 
0 

o HAS08 

Pre-investigation phase 

o HAS01 

0 HAS17 KAS06 
0 

Hydraulic tests 

Reports: PR 25-89-20 
PR 25-90-09 

Numerical geohydro
logical simulations 

Reports: PR 25-90-03 
PR 25-90-04 

Geology 
ASP□ 

Geological description. 

Geophysical logging. 

Rock mechanics. 

Orientation of 
fractures. 

Reports: PR 25-89-07 
PR 25-89-08 
PR 25-89-09 
PR 25-89-10 
PR 25-89-16 
PR 25-89-17 

o HAS03 

( 
0 100 200 300 400 500 m 

o KASOJ Core borehole, 1st batch 
0 HAsoe Percussion borehole -" -

° KAso<1 Core borehole, 2nd batch 
0 

HAS13 Percussion borehole -" -
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Aspo Hard Rock Laboratory Pre - in vestiga lion phase 
Boreholes in the first, second and Lhird batches on Aspo 

Geology 

Geological description. 

Geophysical logging. 

Rock mechanics. 

Reports: PR 25-90- 05 
PR 25-90-06 
PR 25-90-07 
PR 25-90-08 

0 >-lAS02 
0 HAS 11 

o HASO!'! 

° KAS03 

KAS04 
0 

o HAS 19 

HAS2 0 
0 

o HAS1 8 

oKAS12 
o HAS0 1 

0 ~AS 1 7 !<AS08 
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oHAS16 

( 
O 100 200 300 400 500 m 

a KASOJ Core borehole, 1st batch 
0 HASOB Percussion borehole - " -

° KASO· Core borehole, 2nd batc h 
0 HASlj Percussion borehole - " -

° KAS09 Core borehole, 3rd balch 
o HAs1a Percussion borehole - " -
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Asoo Hard Rock Laboratory 
Profi le and plan of planned Lunnel 

Simpevarp 

LITHOLOGY 

Greenstone 
Fine-grained granite 
Smaland granite 
Diorite 
Mylonite 

REFRACTlON SEISMICS 

> 4500 m / s/ 

4100 -
/ 4400 m / s 

/ <4000 m / s 

0 

Halo KBH02 

TUNNEL 

ROCK QUALITY 

~ 
ZCRQD> > 75 
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Z<RQDl • 25- 50 
Z<RQDl "25 
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Site investigations 
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Aspo Hard Rock Laboratory Site investigations 
Cornplemen t.ary geophysical investigation Aspo - Halo 

LEGEND 

Ver Lie al elec l r ical soundings 

Magnetic and radiometric profiles 

Resistivity profile 

Ramp 
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~ N 

VLF' prof i I es 

Wadi profiles 
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Magnetic susceptibility 
Radiometric measurements 
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Aspo Hard Rock Laboratory Pre - investigation phase 
Hydraulic tests and numerical geohydrological simulations 

( 
1 km 
J 

Compilation and evaluation of geohydrological data 

Report: PR 25-91-17 a,b Q 
Report: PR 25- 91-16 a, b r:z;J 

Hydraulic tests 

Reports: PR 25-89-20 D 
PR 25-90-09 
PR 25-91- 01 

Measurement of piezometric heads 

Report: PR 25-90- 18 E2J 

( 
0 
l 

500 m 
L..J 

Numerical geohydrological simulations 

Reports: PR 25- 90-10 
PR 25- 90-11 
PR 25-91- 03 D 
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2.4 PRE-INVESTIGATION - BOREHOLES 

This pa.rt of Lhe report comprises a compilation of borehole data and 
investigations performed in the boreholes during the pre-investigation phase. 
The information is given in CAD generated illustrations which can be used as 
a reference guide for more detailed investigations. 

Fif{ures 2-17 to 2-7 8 give inf01mation concerning the location of the percussion 
and cored boreholes on A.spa -Halo and Laxemar. An overview of the scope of 
work performed in the different boreholes are compiled in Figures 2-19 and 2-
20. The borehole lithologies are illustrated in Figures 2-21 to 2-23 for the cored 
borehole~ and Figures 2-52 to 2-58 for the percussion boreholes. More detailed 
information for the cored boreholes concerning the different methods are 
compiled in Figures 2-24 to 2-51. 
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Figure 2~18. Borehole locwions in the Aspn-llcilii areo. 
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Pre · investigation phase Bot·ehole in ve~tigations 

CORED BOREHOLES KAS02-KAS14 "' 0 o J 
;i:; >< 

02 03 04 05 06 07 06 09 10 11 12 13 14 '° ..:I 
~ :..: 

Ill :g 0 Ill 0 "' 0 0 0) C, "' 0 Ill Ill 
LENGTH (Ml/DIP CX) ..... <O CX) <O Ill 

"' 
<O 0 C0 <0 "' "' 

... CX) ..... "' ..... ..... ..... ..... ..... ..... C0 ..... ..... ..... ..... ..... ..... ... 0 cc 0 "' ... 0 0 ..... O') 0 C0 "' "' "' "' g '° 0 0 .,, 
"' ... 00 0 

1'i 0 0 C, ... "' "' <0 <0 ..,. 0> "' C") ... r-- r--

CORE LOGGING 

Lithology • • • • • • • • • • • • • • Thin section analyses • • • • • • • • • • • • • Chemical rock analyses • • • & • Fracture mapping • RQD • • • • • • • • • • • • • • Fracture mineral analyses • • • • • • • • TV ·orien ta tion/Telev !ewer• • • • •• •• PETROPHYSICS 

Density • Porosity • • Magn. suscep. • Remanence • • Resislivily • [ P • • U,Th,K • GEOPHYSICAL LOGGING 

Borehole deviation • • • • • • • • • • • • • Caliper • Magnetic suscept. • • • • • • • • • • • • • Sonic • • • • • • • • • • • • • Natural gamma • • • • • • • • • • • • • Density • Neutron • • • • • • • • • Resistivity•Spontaneous potent". •• •• •• • • • • • • • • • • Temperature • • • • • • • • • • • • • Borehole fluid resistivity • • • • • • • • • • • • • Radar • • • • • • • • • • • • • ROCK STRESS MEASUREMENT 

Hydraulic fracturing • • 
Overcoring • Lab. tests • • 

GEOHYDROLOGY 

Airlift test, intervals • • • • • • • • • • • • • • lnjeclion test, 3m interval • • • • • • • • Injection lest, 30m interval • • • Spinnerctlow meter logging) • • • • • • • • • • • Pumping test • • • • • • • • • • Pumping interference test • • • • • • • • • • Dilution test, intervals • • • • • • • • • • • • • Observation, packer settings • • • • • • • • • • • • • Fi uid conductivity • • • • • • • • • • • • • Circulation sections • • • • • • • • • • • • • GROUNDWATER CHEMISTRY 

Complete chemical character. • • • Sampling during pumping lest • • Sampling during drilling • ~ • • • • • • • • • Fracture mineral statistics • • • • • • • Fracture mineral chemistry • • 
Figure 2-19. Cm11pilotio11 <?/" pe1formed borehole h1FesliJ?alio11s in cored 
boreholes. 
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Pre-investigation phase Borehole investigations 

PERCUSSION BOREHOLES HASOl·HAS20 

01 02 03 04 06 06 07 06 09 10 11 12 13 i4 16 16 17 18 19 

<D "' .... a:, a:, (\) a:, a, .... "' 0 Cl') CX) 0 0 0 (\) z,.. 
LENGTH <Ml/DIP 

IO IO "' IO CD «> I() IO (0 a:, <O <O co "' <O (0 (0 IO ..... I() ..... ..... ..... ..... ..... ..... ' ..... ..... ' ...... ' ..... ..... ..... ...... ...... 
0 ...... 0 8 0 0 0 IO IO IO .,, IO 0 0 0 0 0 0 0 

:? <"') :? s :? :? ::¼ ::¼ ~ ::¼ ~ s ~ ~ ~ ~ ~ ~ O> (\) 

DRILLING DATA 

Drill cutting analyses • • • • • • • • • • • • • • • • • • 
Thin section analyses 

Drilling rate • • • • • • • • • • • • • • • • • • • 
Fracture identification • • • • • • • • • • • • • • • • • • • 
GEOPHYSICAL LOGGING 

Borehole deviation • • • • • • • • • • • • • • • • • • • 
Density • • • • • 
Magnetic suscept. • • • • • • • • • • • • • • • • 
Sonic • • • • • 
Natural gamma • • • • • • • • • • • • • • • • 
Resistivity • • • • • • • • • • • • • • • • 
Temperature • • • • • • • • • • • • • • • • 
Borehole fluid resistivity • • • • • • • • • • • • • • • • 
Radar • • 

GEOHYDROLOGY 

Air l m test, intervals • • • • • • • • • • • • • • • • • • • 
lnjeclion test, 3m interval 

Injection test, 30m interva l 

Spinner (flow meter logging) 

Pumping test • • • • • • • • • • • • • • • • • • • 
Pumping interference lest • 
Dilution, test intervals 
Observation packer settings 

Fluid conduct! vlty 

Circulation sections 

GROUNDWATER CHEMISTRY 
Complete chemical character. 

Sampling during pumping test 
Sampling _ during drilling • • • • 
Fracture mineral statistics 
Fracture mineral chemistry 

Figure 2-20. Compi!atio11 o.f1)e1.fon11ed borehole i111·es1igu1io11s in 1>crrnssio11 
hnrelw!es. 

20 
0 
(0 

' 0 

~ 

• 
• • 
• • • • • • • • 
• 

• • 



~ 
:fQ• As b Hard Rock Laborator .:: ..., 
~ 

Cored borehole description N 
I 

N 

Pre-investigation phase 
* Borehol e length (m l 

~ o* 100 200 300 400 
(") 

I I I I I ;;) 

n; ~-~ •2~bmz», " ,(..!t .-: ,~~--~'f\ - · !:l.. 
-:::;-
:::, I KAS04 I I I 

I 
..,, 
~ 
;:s-
~ -. 
~ 

"" 
~ KAS03 V) 

I 
I 

I I I 
a I 

h.) l 6 
:4 I 

~ ~-c:b:~v ~1-Y ~ 4-1iil~.,-, 
I KAS02 I I I I 

500 600 700 800 900 1000 

nt ;\,~~"- J1 

~ I ,;,; r W«; 

I 
11 I ½&1~-,•--·-=-· ---~ , .. .... ~~X. f:: ~'i L~I'~~❖~~~ ;~ 

I I 

'->-> .p.. 

o* 100 200 300 400 500 600 700 800 900 1000 

LITHOLOGY ROCK QUALITY HYDROGEOLOGY 

■ Greenstone 
Major water-

~-::5§:: Aspo diorite 
Z<RQDl ~ 75 

bearing zone j ~ 
Z<RQDl ; 50 -75 

■ 
Granite, 

Distinct major fine - grained Z<RQD) ; 25-50 
Sm a land granite water be aring 

Z<RQDl « 25 fracture 

■ Mylonite 



.,, 
f .., 
!':> 
N 
' N 
~ 

~ 
i 
~ 
a 
~ 
::-;-
✓ 

~ 
c., 

~ 
V} 

a 
y, 
c:::, 
?a 

S KB Har d Rock Laborator Pre - i nvestigation hase 
Cored boreholes in second batch on Asp5 * Borehole length (ml 

o* 
I 

100 200 300 400 500 600 1 LITHOLOGY 

·~ ··.••-· ::- 111111-;i •·:»-··,r i ,!; ¼ ~ '~ --- . ...... ~ I,:-.!,:;• ¥ ,,, ~.:'.:;21~:@'@t;,:.;i'~1,.t: =..:~ i,f. 

K A S0 8 

:I--~-, ~ -0 _ l r,, 1 . 1i~ .. ~ ~ r , ~ · 

Green stone 

Diorile 

Granile, 
■ fine-grained 

■ Sm a land grani le 

■ Mylonile 

J.f.Jlf?Zffilo/"4:";''' r f ~:· "'.~:r~i. . 
1m ~ rw :,- ·;t .: " , ., ·~ . 1117 n " , ... ,. , 

41
. ~ , .• ~ ~ ., Lf t , .. . . -~ - "'- ~I ls ! ··:.(' .. Q~~..J1-,,l,za 

·µf Fff5 1 ROCK QUALITY 
KAS07 

,!} t ;of<-;; ~:·: /(.:~/-- •- ·::;:~-~ '_. ~ - (f• " ~"~i:,; r.: . • .J '<",.;~:-:-;- - ~-~-~: •.• -- -, ·- ·•£.1r••-=,r]i!f-f'·~ ~ ..,_,..,A•><- -. •" ,:t -•·•·· " -•,~ •N~-•• . _.___ -q:-r ,-.,,, •- ••~ . -~ ~- _..,;':i i>: & -.. , ~ 

KAS06 

<' A A ' t . ---<7. ·s'?-,~•j '" 
;~;~·~~ -~r-:~~ f ;,,;p.:f~ .. :~:..u -~-~.:.}~· ~-~ •=JI. ·-·~•,•·'f§ ·'"·►T,Jijji1 --~ t,\p,: ,~~-ti-.. ,~ ·,.,-~ ~;;-= ,-=m~•-··1 -~ u~&~if .. ~ q~t:r ':2(:J•'; J, ~~~.s;~q-~~ < , ~r-'.'!;;~;~,k};;;*.t 

I 

o* 
KAS05 

1 

100 
I 

200 
I 

300 
I 

400 
I 

500 
I 

600 

~ 
ZCRQDl >75 

ZCRQD> • 50-75 

Z<RQD> • 25-50 

ZCRQD> ~25 

HYDROGEOLOGY 
Major waler
bearing zone 

Distinct major 
wa t erbearing 
fracture 

j 

'..,J 
v, 



"?: ~-
~ 
~ 
N 
~ 
;....i 

<: 
:.:) 

~ -. 
:::r
s) 

~ 
:::-
~ --~ 
(,: 

~ 
VJ 
a 
~ 

~ 
VJ 
...... -.._ 
4-. 

::: 
:S.. 

~ 
::i:: 
a 
N 

Asoo Hard Rock Labora t ory Pre invesbga t ion phase 
Cored b oreh ole description * Borehole length (m l 

o* 100 200 300 400 500 600 700 

& ... J}J. I I_U,_U■l,IIL.UI+•-- .ull.llJJi~ • , - _ A,I_ , J-, __ ~. ''·Lmb- ~;~''i r. J:ll:f.::::•.!~ 
KBH02 

.J~JJII ~ ~-M.LJ~f ,,;~w~ oli,1~ , 
K AS14 . l f'g' 

__ n t ti': ..J~ 

K AS13 

__ .lL..J.l,, ,. _JI, i _, 

'H ·'--r:::u ·-
r "'.• .. ... ,,1 
~~. C: 

·{!~JJ ~ -I ;·,-,,/ . ~-;:t~ tl;J";:I~-ii.~i\~ ·-•, . t •11 ~-1 t' i •· i AS12 . . ,.--~ .. . ... .... .. . .. ~ l·+f 

I, '> • . • t s,} ., ",,,• ,,;;•· J . •w,~-IIIJ~,•,,_J.-,l ,_ A ~•,I Jf,~ · k .::;1,.,,«,·,· ff~ ~ i• '1.'S-.<~.'i'i,,~~._,, 

KAS ll 

...,.,1, ,nl:,,rll,, ,~.l": ~e~ :'Jl~ '~·•"·&''·'$~'~'='•-~! l,..JJ'11,•r:1c"""•" "'"~'."" hk•,:;;,l,,.,, .~J . ~ ,,.• $ ,. ' .~-,g,;_~ '.,.ii;:,=<• ---'9~ ' -:~.;.,~~ .: • "' ' ,, ,;:c;;ir, ,~ JI, _ ,,~ ."'·-•·-'''-'-"''"'•> ~~._,. 

K AS09 

o* 100 2 0 0 300 400 500 6001 

LITHOLOGY 
■ Greenslone 

Aspo diorite 

Granite, 
f ine· g r ained 

Smaland granite 

Mylonile 

ROCK QUALITY 

~ 
ZCRQD> >75 

Z<RQDl - 50-75 

Z<RQD> • 25-50 

Z<RQD> ~25 

HYDROGEOLOGY 
Major water
bearing zone 

Disti ncl maJor 
walerbearing 
fraclure 

j 

w 

°" 



~ ~-
:::: 
"""l 
~ 

h.) 
I 

N 
~ 

~ 
VJ 
a 
N 

:::::, 
::, 

~ 
::;-

~ 
~ 

~ ::::, ... 
~ 

C) 

"' (:) 

C) 
~ 
'-:: 

Aspo Hard Rock Laboratory 
Pre- investigation phase 

0 200 
I ' ' 

CORE LOGGING 

Lithology 

Tb.111 section analyses . M~ "'6.A . .. A • • • • 
Chemical rock analyse,, 0 

Fracture mappi ng 

J'ract nre milleral au.a.lyaN 
- 0 

0 • 00 000 0 . .... 
TV-orh1nt./Teln·lawer* 

RQD 

PETROPHYSICS 

Density • Porosit y 

Ma&n. suscept. • Rem. 

Remtl'rit y ♦ I p 

U,'l'h.X 

GEOPHYSICAL LOGG. 

Borehole davia tloll 

Callper • Magn. auacept. 

Sonic 

Natural gllJllJlla 

Gamma-ganuna 

RealBt.iTity/SP 

!feutroll 

Temperature 

Borehole Hu.id realat!Tit, 

Radar 

ROCK STRESS MEAS. 

Hydraulic fracturing <> <> - <> <> 

Overcormg 

Lab. te11t11 -)0( X 

~ 
Core borehole: KAS02 
Length: 924 m 

•oo 600 600 1000 Report 
' ' I I ' I I 

PB 25-66-07 

PR 25-86-11 

. .. •• . • . • • • • .. • - h -

00 D a D 0 - ,, -
PR 25-88-07 

• 0 • 0 0. • DO 0 000 -· PR 25-88-11 

PR 26-88-07 

PR 25-88-18 

PR ~-68-08 

_ II _ 

- ,. -
- ,. -
- " -

PB 25-88-15 '.>) 

-..J 

- u -

- u -

- ,. ... 

- ., -

- u -

- .. -
- u -

PR 26-88-03 

PR 25-89-07 

000 <> <><><> <> <> <> <> <> 40 PB 25-89-17 

- a -

- "' " "' " PR 25-89-07 



~ ~-
:::: .... 
~ 

N 
' N 
~ 

~ 
V'.l 
c:::::, 
~ 
t;j 
0 
"'! 
R 
:::
~ --R 

~ 
~ ..... 
:::, 

C'J 
·t 
✓ 

'x) 
·..-.-

.A.spa Hard Ro c k La bor atory 
Pre-investigation phas e 

0 200 
I I I 

CORE LOGGING 

Lithology 

Thin aeotioii 11.llCllYllH • . .... . • • 
Chemloal rook tlllalyaes a a D a a 

J'racture ma.pplne 

J'raotur• miiiera.l llllalyaea 000. W 00 .. 0 00 0 

TV·orlent./Televie,rer* -
BQD 

PETROPHYSICS 

D•D.J1lty • PoroaUy 

Map. auaoept. • Rem. 

RHlsUvlty • I P 

t.1, Th,K 

GEOPHYSICAL LOGG. 

Borehole deviation 

Cllllper • Maan. suaoept. 

8onlo 

Natur al 1amm11. 

Gamma-gamma 

RHl11tlvlt y/ 8P 

Neutron 

Temperature 

Borehole fluid reeietivlt~ 

Ra.S.r 

ROCK STRESS M.EAS. 

Hydraulic fracturing <> 0 <> 

Overoorlna 

Lab. telte 

~ 
40 0 600 

I I I I 

• • ,. • • 
a D 

• 0 0 • 0:, 

0 0 0 •• 0 • 

IC X ~ 

Core borehol e: KAS03 
Length: 1002 m 

800 
I I 

• . ~ 

0 0 -
" "" 

1000 

' 

0 

Report 

PR 25-88-07 

PR 25-88-11 

- fl -

- ii -

PR 26-88-07 

PR 25-88-11 

PR 26-88-07 

PR 25 -88-18 

PR 2 5-88-26 

- II -

- ,. -
- IJ -

- II -

- u -

- ,. -

- . -
PR 25-88 -03 

PR 26-89-07 

PR 25-89-17 

PR 25-69-17 

!..,.) 
00 



"?'J 
~· 
:::: ... 
~ 

N 
I 

N 
?,. 

S; 
V: 

~ 
b::, 
::::i 
~ 
::::
::::i --~ 
~ 
:::i 

~ 
~ 
r-: 
::::i --::::i 
~ 

A.spa Hard Rock Laboratory 
Pre-investigation phase 

0 100 
I 

CORE LOGGING 

Litholoay 

Thlti Hatioti analysea • • • 
Chemloal rook analyses 

Fracture mappliic 

Fraclure mineral atialy~s 

TV-orleiit./Televlewer* 

RQD 

PETRO PHYSICS 

Deiislly • Porosity 

Ma.en, auaoept. • Rem, 

RHlatlvlty • I P 

U, Th, K 

GEOPHYSICAL LOGG. 

Borehole dn1atlou 

Callper • Maan. susoept. 

Sonia 

Natural aamma 

Gamma-a am ma 

Reala\lvlty/SP 

Neutron 

Temperature 

Borehole fluid reelaUvlty 

Radar 

ROCK STRESS MEAS. 

Hydraulic rraoturlna 

Overoorlnc 

Lab. teata 

~ 
Core borehole: KAS04 
Length: 481 m 

200 SOO 400 500 
I ' I I 

.. • • • 
0 a u 

600 
' 

Report 

PR 25-88-07 

PR 25-88-11 

- u -

- It -

PR 25-88 -07 

PR 25-88-11 

PR 25-88-07 

PR 25-88-18 

PR 25-88·15 

- II -

- u -

- II -

- u -

- 0 -

- " ... 

- u -

PR 25-88-03 

l,.J 

'° 



~ ~-
;:: .., 
~ 

I--.; 

' 1:--.J 
:--:i 

~ 
V'.l 

~ 
r 
~ 
;::-
;:::: -.. 
~ 

t 
~ 
(') 

~ -.. 
;:::: 

::,:: 
·..-

Aspo Hard Ro c k Laboratory 
Pre-investiga tion phase 

0 100 
I 

CORE LOGGING 

Lithology 

Thin •eotlon anA.ly aea 

Chemical rock e.uaJysaa 

Yracture mapping 

Yraoture mineral analy"es 

TV•orlent./Televlewer* * 
RQD 

PETRO PHYSICS 

Denaity • Porosity 

Magn. suacept. • Rem. 

Roe!Jltlvity • [ P 

U, Th,lC 

GEOPHYSICAL LOGG. 

Borehole davlalion 

Callper • Magn.. suacept. 

Sonic 

Natural gamma 

Gamma-gamma 

Sln&le point rosia tivlty 

Neutron 

Temperature 

Borehole fluid resistivity 

Radar 

ROCK STRESS llE.A.S. 

Hydraulic fracturing 

Over coring 

Lab. tests 

~ 
Core bor ehole: KAS05 
Length: 550 m 

200 SOO 400 500 
I I I I 

. • . 

* 

- -

600 Report 
I 

PR 25-89-09 

- II -

- u -

PR 25-89·0 9 

PR 25-8!H8 

PR 25-89-08 

P R 25-89-09 

PR 25-89-09 

- " -
- " -
- H -

- " -
- u .... 

- " -
- ,, -
- u -

- ,, -
P R 85-89-10 

PR 25-8!1-17 

l 

-"" 0 



~ ~-
;::: 

~ 
N 
' N 
~ 

~ 
~ 
a 

°' 0:, 
2 
~ 
;:.-

~ ,,,, 
" :t 
~ 
(;") 
~ 
~ 

3" 
~ 
' -::: 

Aspo Hard Rock Laboratory 
Pre-investigation phase 

0 100 
I 

CORE LOGGLNG 

Litholou 

'l'hin seotlon analyses A 

Chomic-.l rook analyses 

Fracture :mapping 

Fracture minaral analyses 

TV-orient./Televiewar* * 
RQD 

PETROPHYSICS 

Density • Porosity 

.llagn. auseepL • Re:m. 

ReaiaUTlly • l P 

U,Th,lt 

GEOPHYSICAL LOGG. 

Borehole deviation 

Ce.liper • lfagn .. au.acepl .. 

Sonic 

Natural ga:mma 

Gunma-g-.mma 

Single point raaistivily 

Neutron 

Tempera lure 

Borehole fluid reaiaUvll., 

Redal: 

ROCK STRESS llEA.S. 

B7drauUc fracturina 

OvercorlD& 

Lab. tests 

~ 
Core borehole: KAS06 
Length: 602 m 

200 300 4-00 500 600 Report 
I I I I I 

PR 25-89-09 

- u -

• • • .. • • - u -

PR 25-89-09 

PR 25-89-16 

* PR 25-89-08 

PR 25-89-09 

PR 25-89- 09 +'-
I--

- II -

- It -

- u -

- ft -

- .. -

- . -
- ,. -
- H -

- M -

PR 25-89-17 



"l'J 
~-
... 
~ 

N 
I w 
:-0 

~ 
V) 

c:::, 
:--.i 
to 
S? 
~ 
:::-, 
c:: 
~ 

t 
~ 

Cl 
<1' 
a -c:: 

'7c 
~~ 

Aspo Hard Ro c k Laborato r y 
Pre-invest igat ion phase 

0 100 
I 

CORE LOGGING 

Llthology 

Thin seotlon analyaea A 

Chemloal rook analyses 

Fracture mappi ng 

Fracture m ineral analys1111 

TV · orlen t .lT11lavl11,ror* 

RQD 

PETRO PHYSICS 

Donelly • Porosity 

M'.aen, •uaoopt. • Rem. 

Reelativlty • I P 

U, Th, K 

GEOPHYSICAL LOGG. 

Borehole deviation 

Callper • M'.agn. suaoepl. 

Soule 

Natural gamma 

Gamma-gamma 

Single point roalativlty 

Neutron 

Temperature 

Borehole fluid realstlvlty 

Radar 

ROCK STRESS MEAS. 

Hydrau.llc fracturing 

Over ooring 

Lab. tost a 

~ 
Core borehole: KAS07 
Length.: 604 m 

200 300 400 500 
I I I I 

A .. 

600 
I 

Report 

PR 25-69-09 

- " -
- u -

PR 25-69- 09 

PR 25-89-18 

PR 25-89-09 

PR 25-89-09 

- ., -
- u -

- II -

- ,. -
- II -

- 0 -

- u -

- H -

- H -

PR 25-89-10 

+>
t-.J 



~ 
~-
"-: 
~ 

N 
I 

~ 
~ 

~ 
VJ 
v 
~ 

tx:, 
;::, 

~ 
::;-
a 
---~ 

t 
() 
~ 
;::, ..._ 
() 

!)Q 
'---: 

A.spa Hard Rock Laboratory 
Pre- investigation phase 

0 100 
I 

CORE LOGGING 

Lithology 

Thill section e.nalysea • 
Chemical rock .. nalyses 

Fracture mapping 

Fracture mineral analyses 

TV-orient. / Televie,rer* 

RQD 

PETROPHYSICS 

Density • Porosity 

W.agn. suscept. ♦ Rem. 

ResistlviLy • 1 P 

U,Th,K 

GEOPHYSICAL LOGG. 

Borehole deviation 

Callper • Magn. suscept. 

Sonic 

Natural gamma 

Gamma-gamma 

Single point resistivity 

Neutron 

Tempera lure 

Borshole fluld resis tlvitJ 

Radar 

ROCK STRESS MEAS. 

Hydraulic fracturing 

Overcoring 

Lab. tests 

~ 
Core bor ehole: KAS06 
Length: 601 m 

200 300 400 500 
I I I I 

. . . . 

600 
l 

x- 7451.052 
Y· 2150.4-40 

Report 

PR 25-89-09 

... u -

- . -

PR 25-69-09 

PR 26-89-16 

PR 25-89-09 

PR 25-89-08 

- ft -

- u -

- " -
- " -
- u .. 

- . -
- II -

... II "" 

- If -

PR 25-89-10 

+>w 



"?-j ~-
;::: 
~ 
N 
' I.,,; ...... 

G: 
~ 

a 
:-0 

r 
(1i 
::s--
~ r:, 

~ .... 
::c 

C) 

"' ::::: 
---(:: 

'JQ 
'< 

Aspo Hard Rock 
Pre-investigatio n 

0 

CORE LOGGING 

Lltholoa 

Thbi. NOUou &Da.l:,aea 

Chemtoal rook an.al:,--

l're.olur• uupp~ 

l'raalure m.luera.l all&lyaoa 

TV-orl-t./TelerieYer* 

RQD 

PETROPHYSICS 

Deual\:,- • Poroalt:,-

Wqn. IIWIOepl. + Rem. 

lleelallril:,- • I P 

u, Tb.)[ 

GEOPHYSICAL LOGG. 

Borehole deTlaUou 

C.UpiU • Ka,u. euaoepl. 

Sonio 

Halural 1amma 

Gamma-aamma 

Bill&l• polul rNiaU1'1ly 

Neutron 

Temperal ure 

Bonhole fluid remllYllJ 

Radar 

ROCK STRESS MEAS. 

Bydraullc fraclurln1 

Oyercorlll& 

~b. ta.la 

Laboratory ~ phase 
100 aoo 300 400 

I I I I 

A A . 

Core borehole: KAS09 
Length: 450 m 

500 800 
I I 

• 

Re port 

PR 2 5-90-<>e 

U.S09, Bh- rop 

PR 215- 00-<>e 

PR 25-90•011 

.IU.809, Bh-rep 

PR 25· 90-011 

- . -
. " -
- . -
- . -
- . -
• N -

- . -
PR 25-90-05 

~ 
~ 



"?] 
~-
~ 
w 
I 

:.... 
!'-,l 

~ 
VJ 
....... 
...... 
:::-: 
:) ..., 

[ 
~ 
,.._ 

f 
CJ ...,, 
;::: --:::, 

'.r-, · __.. .. 

A.spa Hard Rock 
Pre- investig a tio n 

0 

CORE LOGGING 

LUholo&J 

'fbJ.n notion anal,-u 

Chem.teal rook analyH■ 

Fracture mappln1 

J'raclure mineral an.al,eoa 

TV--orienLJTeleTiewer* 

RQD 

PETROPHYSICS 

Den.ally • Poromly 

lllap. IIUIIC8pL • Bem. 

lte:■l■U-rlly • IP 

u. Th. It 

GEOPHYSICAL LOGG. 

Borehole dDYlatlon 

Callper • Kap. su■cept. 

Sonic 

Hatural aamma 
Gamma-1amma 

stncle polnt r .. 1■urit7 

Heutron 

Temperature 

Borehole fiuid reodatiril1 

Radar 

ROCK STRESS llEAS. 

Bydraullo fraoturl~ 

Qyercorina 

Lab. le.ta 

Laboratory ~ p h ase 
10-0 800 SOO .00 

I I I I 

. 

Core borehole: KASU 
Length: 8<l9 m 

600 1100 
I I 

Report 

PB ati·G0-011 

USU, Bh· rep . 

PB 25· 110-011 

PB 26·80-011 

li.SU, Bh·rep. 

PR 2fi·80-0II 

- .. -
- .. -
- . -
- . -
- . -
- . -
- .. -

PR 2-6-G0-05 

.i:,. 
V, 



"'?j ~-
=:: 
~ 
N 
I 

t.,., 

~ 

~ 
V) .._ 
~ 
:::::; 
Cl 

~ 
::::, 
~ 
~ 
~ 

~ 

a 
I":, 

S?_ 
~ 
~ ·~ 

Aspo Hard Rock 
Pre- investi gatio n 

0 

CORE LOGGING 

Lilholoay 

Thin aeo t lon a11al:,ao1 

Chemloal rook aual:,aoa 

P!'aoture mapplq 

haoture Dllll.■ralanalyaea 

TV-orlent./TeleTleYer* 

RQD 

P ETRO PHYSICS 

Deu lty + Poroslt7 

Macu. 111.aept. • Jlem. 

Beal■tlTUy • IP 

U, Th. JC 

GEOPHYSICAL LOGG. 

Borehole danallo11 

Callper + Ma.au. ■uaoept. 

So nlo 

Natural 1amma 

Gauuna-1amma 

Stn,le pol11t re■l■Unty 

Neutron 

Temperature 

Borehole fluid realatlTlt 3 

Ra.da.r 

ROCK STRESS MEAS. 

B:,dra ullo traot urln& 

0Teroorlna 

Lab. te■t■ 

Laboratory ~ p h ase 
100 200 300 •oo 

I I I I 

. . • 

Core borehole: KAS12 
Length: 580 m 

fiOO 600 

' ' 
Report 

PB Bfi-90-08 

ltAB18, Bh- r-ep . 

PB 25-90-06 

PR 25- 90-06 

KAS12, Bh-rop. 

PR 25-90-06 

-. -
- n -

- II -

- u -

- n -

- ,, -
- .. -

PR 215-90-05 

-+'>
C\ 



"'!:l ~
;: 
~ 
N 
I 

(..-.; 

~ 

~ 
V'l 
-.. 
~ 

t1::I 
C 
~ 
;::;-
C) 

~ 

~ 
~ 

G 
Cl> 

~ 
~ 
';:: 

Aspo Hard Rock 
P r e - investi gat ion 

0 

CORE LOGGING 

Lithology 

Thiu .... tlon anal,--

Clwmtoel rook anal,.-

Fraotare mapplnc 

rractUNI mineral --1,-

TV--orlent./TeleTlewer* 

RQD 

PETRO PHYSICS 

».n■:tty ♦ Poroetty 

)(q;il.. lnlNept. ♦ JI.em. 

a..taUTit:, •IP 

U, Th. IC 

GEOPHYSICAL LOGG. 

Borehole d■YlaUou 

Callpei- • Jlqn. .-pt. 

Sonlcs 

••turalpm.ma 

Gamma-pDUII& 

SI.acle pobat reeietlril:, 

Ke1&tro11 

Temperat11rt1 

Borehole Ollld. realal1Tlt1 

Radar 

BOCK STBKSS DAS. 

Bydraullo fnurturbac 

OYRCOrba& 

t..b. t..t.■ 

Laboratory ~ phase 
100 200 SOO -'00 

I I I I 

. • • 

Core bor ehole: KA.S1S 
Lenp;th: 406 m 

1500 800 
I I 

Report. 

P R 815•110-otl 

KJ.818, Bb--r■p, 

PR 215-90-00 

P1il SG-90-oe 

KAS18, Bh- rep. 

PB 85--90-Ge 

- " -
-. -
- . -
- . -
-. -
- . -
-. -

PB~ 

+'" 
-.J 



"'!'j ... 
!r.: 
i::: 
""I 
(':, 

N 
I 

w 
Yi 

~ 
v; 
.._ 
;k. 

~ 
c:: 

i 
:::: 
~ 
...... 

~ 
~ 
C') 
~ 

~ 
:::: 

'.Jc 
' --c: 

Aspo Hard Rock 
Pre- inves t igation 

0 

CORE LOGGING 

Llt.holou 

T'lahl -tion ~ 

Chem1ca.l rook anal~ 

l'raotlUW mapplq 

l'ncbln..._..aaal,... 

TY-ortenLJT~* 

JtQD 

PBTBOPHYSICS 

».Dally• Poro.It:, 

llap...-pL•Rtim.. 

a-blt.lrit:, • IP 

u. Th. a: 

GEOPHYSICA.l. LOGG. 

Borqole d9riallon 

C.Uper • Map. .-pL 

Some 

Kahralpmma 

Gam.ma-pmma 

Sba&1e pobl.l nslnlril:, 

•.utnm 
Tam.,....llU'9 

Boreh.ole Oldd nalsUril, 

Radar 

BOCK STRESS llKAS. 

B:,dnml.la fraal1armc 
o-reor:ma 
Lab.t.e.ta 

~ Laboratory Core borehole: KA.SU, 
Length: 212 m 

p hase 
100 200 SOO ~ 600 

I I I I I 

eoo 
I 

-

Report 

PR 8&-90--00 

PJl 26-00--0e 

PR 26-90--08 

liSH, Bh--r.p, 

Pa~ 
- . -
- . -
- . -
- . -
- . -
- . -
- . -

PR 26-00--06 

.p. 
oc 



~ ~-
:::: 
~ 
N 
I 

""' ?'I 

;,;: 
ti:, 

::r:: 
~ 
,::::, 
~ 

~ 
:::;-

2.. 
~ 

" -" 
~ 
C; 
~ 

~ 
~ 
~ 
'--: 

Aspo Hard Rock Laboratory 
Pre-investigation phase 

0 200 
I . 

CORE LOGGING 

Lithology 

Th.in section analyses • .. 
Chemical r-t>ck 1tnalys"" 

Fr-acture mapping 

Fr-actnreminer-ala.nalywes 

TV-or-lent./Telaviewer* 

RQD 

PETRO PHYSICS 

Density • Porosity 

llagn. susc,,pl. • Rem. 

Resisthity • I P 

U,Th,K 

GEOPHYSICAL LOGG. 

Borehole deviation 

Callper • :W:agn.. snscepl. 

Sonic 

Na.lnral ga.mma. 

Ge.m.ma-ganuna 

Single point resistivity 

Neutron 

Temperature 

Borehole fluid reaietivitJ 

Radar 

ROCK STRESS 11:EAS. 

Hydraulic fr11.cturing 

Over-coring 

Lab. teats 

'1~ 
400 600 

I I ' I I 

. 
\ 

A 

Core borehole: KBH02 
Length: 706 m. 

800 lOOU . I ' 
Report 

PR 25-90- 06 

Bh. rep 

PR 25-90--06 

PR 25-90-06 

.j:s. 

'° 



'".!:~
;:: .., 
~ 

N 
I w 

:-...i 

~ 

~ 
a .._ 
(:1,) 
~ 

~ --~ 
~ 

§
::i 

CJ 
~ 

~ 
(:) 

:)o 
y. 

Aspo Hard Rock Laboratory 
Pre-investigation phase 

0 200 
_1 I 

CORE LOGGING 

Lithology 

Thin section analyses I'- •• • • • • • 
Chemical rock analyses p 00 n 

Fracture mapping 

Fractu re mineral analysas 

TV-orlenl ./Televiewer* 

RQD 

PETRO PHYSICS 

Density • Porosily 

IILagn. suscept. + Rem. 

Resistivity • I P 

U,Th,K 

GEOPHYSICAL LOGG. 

Borehole deviation 

Caliper • Magn. susoepl. 

Sonic 

Natural gamma 

Gamma-gamma 

Single point resisLi vity 

Neutron 

Temperature 

llorehole fluid reeistivit, 

Radar 

ROCK STRESS YEAS. 

Hydraulic fracturing 

Over-coring 

Lab. tests 

~~ LAXEMAR "'• 
• \Cl" , 

400 600 
I I I I I 

• .. • • A 

D 0 

Core borehole: KLXOl 
Length: 7 02 m 

800 1000 
I I I 

Report 

PR 25-68-07 

PR 25-88-11 

- ., -
- ,, -
- " -

PR 26-88- 16 

PR 25-66-06 

- ., -
- fl -

- 0 -

PR 25-66-15 

- II -

- #I -

_ tl _ 

- ff -

- If -

- fl -

- u -

PR 25-88-03 

V, 
0 



Aspo hard Rock Laboratory ~ 
Core borehole: KAS02 

Pre-investigation phase 
Length: 924 m. 

0 200 400 600 600 1000 Report 
I I I I I I I I I ' 

Q_ "l'l ~ .... 
~ <r.) 
~ s:: 
:-- .., .., (I:, -~ N 

I 

GEOHYDROLOGY 

Airlift test, intervals 
PR 25-68-14 

Injection test 
3m Interval 

- ,, -

'..J,J 
?e Injection test - " -

30 m interval 
- ,., -

~ 
V'.l 

Spinner 

Pumping test 
- h -

a 
N 

In terlerence test. - -- PR 25-66-13 
pumping interval 

C;:, 
~ --, 
"' :::-

Dilution test, Intervals -- --- PR 25-90-17b 

Observation, B6 ~ BS ~a•- B3 ri B2 n B1 

packer settings 
.... u .... w LI PR 25-91-01 

a --"' Fluid conductivity 0 0 
- h -

sensor level 

§- Circulation sections -- --- - ., -
V, 

" GROUNDlr ATER CHEMISTRY 

c::i 
~ 
~ 

'--,,: 
P... --, 
~ 
C 
r-i 
'--< 

Complete chemical - - - - --- PR 25-69-04 

characterization PR 25-69-14 

Sampling during PR 25-69-14 
pumping test --
Sampling during 
drilling 

::? 
15.. 

Fraolure mineral 
statistics 

PR 25-68-U 

'r., Fracture mineral - - -- .6. PR 25-90-01 

3 chemistry 

--
~ ::: 
i::: 
"" "' --, 



Q_ ":'j 
~ . ~
:2 :::: 
~· ... 
~ ~ 

'~ N 
• I 

(.;..) 

~ 

~ 
vi 

~ ~-
:::i::; 
;:: 

i 
§_ 
~ 

§--~ 
C') 
~ 
'.:l 
:::-·-s 
-;::, 

---::) 
~ 
'--::: 

s 
~ 

JC 

~ 

s 
~ 
~ 

As po h ard Rock Labor atory 
P re-inve s t igation p hase 

0 200 
I I 

GEOHYDROLOGY 

Airl ift lest, inte rvals 

Injection test 
3m interval 

Inje c tion test 
30 m interval 

Spinner 

Pumping test 

Inte r ference test, 
pumping interval -- -
Dilution les t , intervals 

Observation, C6 n CS n 
paclu,r settings ~ LI 

Fluid conductivity 
s ensor level 

Ci rculation sections 

GROUND1U.TER CHEIIISTR"! 

Complete chem ical -characterizalion 

Sampling during 
pw:nping lest -- -
Sampling dur ing 
drilling 

Fracture mineral 
statistics 

Fractur e mineral 
chem.istry 

~ 
400 600 

I l I I I 

-- - -

C4 .., C3 n C2 n 
u u lJ 

0 

- -- -

Core bore hole: KAS03 
Length: 1002 m 

6 00 1000 
I l I 

Cl 

• 

Report 

PR 25-66 -14 

- ,, -

_ I I _ 

- IJ -

- 1 • -

PR 25-86-13 

PR 25-90-17b 

PR 25 -91-01 

- fl -

- ., -

PR 25-69-04 
PR 25-89-14 

PR 25-69-04 
PR 25-69-14 

PR 25-88-U 

V, 
N 



:.. "':-J 
~ ~-
- ~ ~ ... s: ~ 

,~ N 
I 

~ 
~ 

S; 
V) 

;:::: 
4-... 

~ 
~ 

t 
:::: -~ 
,._ 
~ 
::c 

,....., ..., , 
~ 

?_ 
•:::: 
~ 
~ 
2 

0c ··~ 
s 
!::... 

J'C 

~ ,... 
::-
:::: -,.,,_ 
"-; 

A.spa hard Rock Laboratory 
Pre-investigation phase 

0 100 
I 

GEOHYDROLOGY 

Airlift test, intervals 

Injection test 
3m interval 

Injection test 
30 m interTal 

Spinner 

PUJnping test (CASlNCl 

Interference test, 
pumping interval 

Dilution test, intervals 

ObserTation, 
na 

packer settings 

Flu.id conductivity 
sensor level 

Circulation sections 

GROUNDll'ATER CHEllISTR'i 

Complete chemical -
characterizalion 

Sampling during 
pumping tesL 

Sam.pling during 
drilling 

Fracture mineral 
stathrtics 

Fracture mineral 
chemislry 

~ 
200 300 400 

' I ' 

- n~ ~ nA ~ 
n-. - n:1 -

LI LI LI LI u 

0 0 

- - -

Core borehole: KAS04 
Length: 481 m 

500 
I 

n1 

6?0 Report 

PR 25-66-14 

- II -

PR 25-66-14 

- ,, -

PR 25-90-17b 

PR 25- 91-01 

. " -

~ .. -

PR 25-89-14 

PR 25-86-11 

Ul 
•~J 



~~ 
~ ~-
:j $:: 

~- ~ 
·~ N • I 

~ 
:---

~ 
VJ 

&, 
tl:l 
~ ..., 
~ 
;:) 

~ 

§-..... 
~ 

a 
(,) 

~ 
::;;-
' < 
~ ..., 
~ 

---::-i 
~ ·~ 
e 
:S. 

'n, ..., 

2 
~ 
~ ::: 
~ 

Aspo hard Rock Labora t o r y 
Pre- investigation p h ase 

0 100 
I 

GEOHYDROLOGY 

Ah-lilt test, lntervale 

Injeotlon teat 
S m Interval 

hijeotlon test 
so m Interval 

Spinner No r el evant dat a 

Pumptna: teet 

Interfer enee teet, 
pumping Interval 

DU u tlon te■t, In t ervale 

Observatioll, E5 
packer aetttnge 

Fl uid oonduotivlty 
sensor level 

Ciroulatlon ■eottons 

GROUNDll'.A.TER CHEMISTRY 

Complete ohemloal 
charaote-rlzatlon 

Sampling durlua 
pumping teet 

Sampllng durlna: 
drilling 

Fract ure miner al 
staUsttce 

Fracture mineral 
chemistry 

~ 
200 300 400 

I I I 

n E4 n E3 ~ E2 
LI ~ LI 

0 0 

Core borehole: KAS05 
Length: 550 m 
I 

500 600 
I I 

n El 
u 

Report 

PR 25-69-20 

- H -

PR 25-89-20 

- u -

PR 25-90-17b 

PR 25-91-01 

- ., -
- II -

PR 25-69-14-

PR 25-69-16 

VI 
.;:,.. 



.A.spa hard Rock Laboratory 
Pre-investigation phase 

0 100 
I 

;. "?'} 

~ ~-
;:: -. .... 

:::: c,:; 

.. N 

~ 

GEOHYDROLOG Y 

Airlift teat, intervals 

Injection test 
3m Inte rval 

Injection test 
30 m interval 

~ 
V) 

Spinner 

Pumping test 

a 
~ 

Interference test, 
pumping Interval 

t!J 
;;:, 
~ 
:::-

Dilution test, intervals 

Observation, .... 
packer settings 

;;:, --Cs 
Fluid oonduotlvlty 
sensor level 

" ~ Clroulation seotlons .... 
~ 

GROUNDY ATER CHEMISTRY 

G 
g. 
'< 
~ ..., 
C 

Complete chemical 
oharacteri:1:ation 

Sampling during 
pumping test 

---C: 
~ ·~ 

Sampling during 
drilling 

~ 
i:5.. 

Fracture mineral 
statiatlos 

JC Fracture mineral -
~ 

chemistry 

~ 
:::: .... 
Cs 

~ 
200 3?0 400 

I I 

-

- ''"" - l.'A. n -.,q n .,., n 

u u LI u u 

0 0 

-

Core borehole: KAS06 
Length: 602 m 

600 600 
I I 

i;,1 - <>n 
u 

Report 

PR 25-89-20 

.. n -

PR 25-89-20 

_ 11 .. 

PR 25-90-09 

PR 25-90-17b 

PR 25-91- 01 

- 0 -

- fJ -

P R 25-89-14 

- II -

PR 26-89-16 

PR 25-90-01 

Vl v, 



C:_ ~ 
~ ~
::; ;: 
;"- · ~ 
~ ~ 

,_.: N 
. ' 
~ 
~ 

?;: 
~ 
V'.l 
C) 

:-----i 

0.:, 
;:: 

[ 
~ 
,.... 
i3"" -,.... 
C") 

"' g_ . ...,. 
" ~ 
~ 
2' 

JO ·~ 
" 
~ 

~ 

~ 

s 
~ ..... 
~ 

Aspo h a rd Rock Labora t o r y 
Pre- investigat ion phase 

0 100 
I 

GEOHYDROLOGY 

Alrlift tut, lDtern.la 

lnJeotloo tut 
Sm lotenal 

lDJeotion t.e•t 
30 m lDtenal 

Splnner 

PumplDI t ... t 

lnt.erlerence teat, 
pumphlg Interval 

DUut1011. teat, Interval• 

Ob•ervaUon, J6 n J5 
packer aett1D1• u 

Fluid oonduotlvlty • 11~ar level 

Clroulatton aeatloua 

GROUJiDYATD CHmLISTRY 

Complete ohemioal 
oharaoterisation 

Sampling during 
pumping lest 

Sampling during 
drllllng 

Fractur e mineral 
11taU• tioa 

Fracture mineral 
oheml.try 

~ 
200 3 00 4 00 

I I I 

M J4 n 13 n .... LI LI 

Core b orehole : KAS07 
Length= 604 m 

500 
I 

J2 n Jl 
LI 

0 

600 
I 

Repo r t 

PR 2 5-6 8-20 

- . -

PR 25-69 -20 

- N -

PR 2 5 -80- l?b 

PR 2 5 -81-01 

- N -

- . -

PR 2 5- 88-14 

P R 25-88-16 

VI 
::7'-



~ ~ - .... 
~~ 
:: =: 
;--. ""I 
:'.:. <I) 

·~ N 
. ~ 

~ 
Jl 

a 
?:i 
t;::, 
5: 
g._ 
c:: ~ (';, 

~ 
~ 

~ 
~ 

g. ·~ 
$ 
g_ 
~ 

2 
~ 

JO 

~ 
" ~ 
:S 

'"" 

A.spa hard Rock Laboratory 
Pre- investigation phase 

0 100 
I 

GEOHYDROLOGY 

AirliU test, intervals 

l:a.jection test 
Sm inter-val 

Injection test 
SO m illterval 

SplD.ller 
<CA.SING> 

Pumping teat 

l:a.terference test, 
pumping interval 

Dilution test, intervals 

Observation, lil4 n M3 
packer settings 

u 

Fluid conductivity 
sensor level 

0 

Circulation sectione 

GROUNDWATER CHEMlSTRY 

Complete chemical 
charact.erlzalion 

Sampling durlng 
pumping test 

Samplin& during 
drilling 

Fracture mineral 
s t atlst.lcs 

Fracture mineral 
chemistry 

~ 
Core borehole: KAS08 
Length: 601 m 

200 S?O 400 5?0 
I I 

n M2 n W:1 
LI u 

0 

600 
' 

Report 

PR 25-89-20 

- .., -

PR 26-89-20 

- II -

PR 25-90-17b 

PR 25-91-01 

- u -

- u -

PR 25-69-14 

PR 25-69-16 

Ul 
-.J 



Q, ~ 
~ ~-
~ ;: 
s· ~ 
~ t-..) 

~ 

~ 
V; 

c::, 
:-0 

0:, 
~ 
;:;; 
;:;-
·£._ 
~ 

~ 
~ ..... 
~ 

~ 
:;:i 

'[ 
2 --~ 

J'C 
'-<: 
~ 

~ 
Oo 

~ 
::; 

?-
~ 
~ 

A.spa hard Rock Laborator y 
Pre-investigation phase 

0 100 
I 

GEOHYDROLOGY 

.U rlift to■t, lnt 11r·n l11 

lnJeotlon to■t 
S m Interval 

Inj11otlon te.t 
30 m lnt11rval 

Spinner 

Pumpina tHt 

[nt erf11r11no11 teat, 
pumping in terval 

DUutlon hat, Interval• ---
0bHrv11.tlon, 1 11' l""'I J n ,., 

paolter 111tt1n1• u u 

Fluid oouduotlvtly 0 
■enaor level 

Ch-oule.tlon Hotlon■ ---
QJWUND'I' .6.'l'IB CBUllSTllY 

Complete obemtoal 
ob.araoterwtlon 

SampUn,1 durhia 
pu mpi ng teet 

SampU11g during 
drllU111 

J'raoture mineral 
■tatietloa 

fraoture .mlueral 
ob.emi■try 

~ 
200 300 400 

I I I 

. ,. _ . .._ •• 
u u 

0 

Core borehole: KAS09 
Lenitth: 450 m 

500 800 
I I 

Report 

PR 25-91-01 

PR 25-91-01 

- 0 .. 

PR ..llli-111-01 

PR 25-90-l?b 

PR 25-91-01 

- . -
- .. -

lo. prep. 

VI 
00 



Aspo hard Rock Laboratory 
Pre- investigation phase 

0 1~0 

~ ~ :::;-
g ~-

~ 

~-
.., 
~ 

,_) N .- I 

GEOHYDROLOGY 

Airlift t-t. intervals 

injection teat 
Sm i nterval 

~ 
?- Injection test 

SO m Interval 

~ 
V: 
..__ ..__ 

Spinner 

Pumpln& test 

Interference teat, 
pumping interval 

t;;::; 
Dilution t.eat, intervi>.la -- - --

a 
~ 
:::;-

Observation, 
,..,. - ,...._ ,.n n N ' n r D ~ 

packer aettinge 
u u u u u 

C) --('> 
Fhud conductivity 

" sensor level 

~ Circulation aectionB -- - --
~ GROUNDYATER CHElUSTR'i 

C') 
~ 
:::i 
:::;-·-~ ;; 

Complete chemic al 
oharaoterlsatlon 

Sampling during 
pumping teat 

a 
0-0 
' -: 

Sam.pllnl/; duri.ng 
drilling 

Fracture mineral 

~ 
statistics 

'rv Frac ture mineral 

"" C; 
chemistry 

-
$-
; -~ 

~ 
Core boreh ole= 
Length: 24 9 m 

200 SOO 4 00 600 
I I ! I 

... 
0 

KAS11 

600 
I 

Re p ort 

P R 26-91- 01 

PR 25-91-01 

PR 26-90 -17b 

PR 25-91- 01 

.. 0 -

- ., -

ln prep. 

V, 
'-0 



~ ~ 
~ ~ : 
:::. ;::: :::: . .., 
:.-, ~ 

::: 
·...: N .. . 

.i::.. 
:--,l 

~ 
V) 

..._ 
1'0 

ti:, 
;:::; 

~ 
:?" 
'-,, 

~ 

~ 
~ 
C'; 
"" ~ 
:::;-
. --
~ 
~ --::) 

:)Q 
' -,: 

"' 
i5.. 
f.) 

~ 
~ 
s 
~ ...... 
~ 
"; 

Aspd hard Ro c k Labora tory 
Pre- investigation phas e 

0 200 
I I 

GEOHYDROLOGY 

.llr lltt teat, Intervals 

Injection tBBt 
8 m Interval 

Injec tion to■t 
80 m Interval 

Spinner 

Pumping test 

Interference te■t, 

pumping Interval 

Dilution to■t, intervals 

Observation, B86 n BB5 ~ BB4 -paoker set tings u u u 

J'luld conductivity 
V sensor le-vel 

Circula tion sections 

GROUNDYATER CHEMISTRY 

Complete chemical 
oharact erl.2:atlon 

Sampl1ng dur lns 
pumping test 

Sampling during 
drllllng 

Fraoture mineral 
statistics 

hactur e m i neral 
chemistry 

11i""'"""" ..... 

~~ ,. 
4,00 600 

I I I I 

BBS - BB2 - BBl 
u LI 

V 

Core borehole: KBH02 
Length: 706 m 

BOO 1000 
I I I I 

Report 

PR 25-91-01 

PR 26- 91-01 

enl. I. Rhen 

PR 25-91-01 

PR 25411-01 

PR 26-91-01 

In p r ep. 

°' 0 



As po hard Roc k Laboratory ~ 
Core bore hole: KAS13 

Pre-investigation phase 
Len gth: 408 m 

0 100 200 3?0 <1.00 6?0 1100 Report 
I I I I 

I': ~ ::;-, 
~ ~-

:::: -. ~ ~ 

GEOHYDROLOGY 

ilrllft teat, intervals P R 215-91-01 

luJecUon t est - N 
I 

3m interval 
~ 
?o lujection test 

30 m interval 

~ 
V) 

Spinner PR 26 -91-01 

Pumping test 

Interference test, 
....... 
~ 

:::;::, 
:::::, .., 
~ 

pumping iuterval 

Dilution test, lntorvllla PR 215-9 0·17b 

Ob1111rvation, 
~ n .. n - s-r - ""'' - ... 

pac.kor settings 
LI LI LI u PR 215-111-01 

§. Fluid conductivity 0 0 
- II -

"" sensor level 

~ :S"" Circulation sections - tl - °' -...._ 
GROUNDYATER CHElUSTR1 

('J 
t"1l 
:::::, 

Complete ohemioal 
characteruaUon 

::::---~ .., 
~ 

Sampling during 
pumping test -~ 

~ 
'--: 

Sampling during In p rep. 
drilling 

::: 
~ 

"1-acture mineral 
s tatlsttos 

':)Q 

2 

Frac ture mineral 
chemlst.ry 

-..._ 
::-
...: 

"" .., 



A.spa hard Rock Laboratory 
Pre -investigation phase 

0 100 200 
I I 

GEOHYDROLOGY 

".:.. ~ - ~· '-;, ~ 
::i :;::: 
::=. ~ 
~ ~ 

Airlift test, in tervele 

Injection test 
3m interval 

- N ·-:-: 
' .i::,. 
:-0 

Injection test 
30 m Interval 

Spinner 

Pumping test 

~ 
~ 

Interference te11t, 
pumping interval 

._ 
:I-'-

Dilution teat, Intervals ---
Observation, li'F. .,.,,,.,, PD n I' A 

::;::, 
~ 

packer settings uuu u 

.... 
~ 
~ 

Ylutd conductivity 
0 0 

sensor level 
;:) --'1, Circulation section.a ---
~ 
!:::: GROUND'lt' ATER Cl!EMISTR1 .... 
.:::, 

Complete chemical 
r-... ,., charaoterlzatlon 
rs-. 
~ 
:::--,__. 

Sampling during 
pumping test 

~ .., 
:;::i --✓ 

:)-;:; 
'-s:: 

Sampling during 
drllling 

Fracture mineral 
atatietie11 

i::: 
:::; Fracture mineral 
~ chemistry 

'.)Q .., 
~ 
;:i 
.~ 

=S -. 
"" -; 

~ 
Core borehole: KAS14 
Length: 212 m 

300 400 600 
I I I 

600 
I 

Report 

PR 25-91-01 

PR 25-91-01 

PR 25-91-01 

PR 25-90-17b 

PR 26- 91- 01 

- ,., -

- II -

In prep. 

0\ 
N 



A.s pa h ard Rock Laboratory 
Pre- investigation p hase 

0 200 
I I 

(") "'t') 
~~-- ... ~ ... 
~ 

.., 
~ 

GEOHYDROLOGY 

Airlift test, intervals 

Inject.ion Lest 
::: N 

I 

vi 
:::i 

3m interval 

l njection · test 
30 m lntarval 

:::0:: 
Spinner 

C:::) 

~ 
Pumping test 

Interference test, 
a 
!'-' 

pumpi ng Interval 

::,::, 
;::, 

~ 
g-
~ 

Dilution tes t , In tervals 

Observation , BBB _ BB6 - BB4 ~ 

packer settings u u LI 

Fluid conduotivlty 0 

sensor leve l 

~ 
::::i CiroulaUon sections 

~ GROUNDYA.TER CRIUU8TR1 

~ 
r-,. 
;::i 

Compl ete chemioa l 
oharacterl.za.tion 

::::;-,.__, 
~ .., 
a 

Sa .mpllng during 
pumping test 

--~ 
:'IQ 
'-:: 

Sa mpling during 
drUling 

!:: 
~ 

Fracture m ineral 
s tatistics 

0-.:, .., 
:::) 

Frac t u r e min eral 
chem is try 

~ 
"5 -~ .., 

-
~~ 

400 600 
I I I I I 

BB3 - BB2 - BB1 
u TI 

0 

Core borehole: KBH02 
Length: 706 m 

80 0 1000 
I I I 

Report 

PR 25-91-01 

PR 2 6- 91-01 

enl. I. Rhe n 

PR 25 - 91-01 

PR 2 6- 91- 01 

PR 26- 91- 01 

In prep. 

°' \.,.) 



~ .,, 
;:; ~
:3 ::: -. -~ ~ 

·~ N 

~ 

~ 
C ..._ 

tx:, 
;:) 
.... 
"'t: 
:::
~ 

~ 

"' ~ 
2 

C) 
~ 
~ 
:::-·-
~ 
;:: --~ ()c -~ 
2 
~ 

·~ 

~ -..., c.. 
! ...... 
~ 

A.s pa hard Roc k La bora t ory 
Pre- inves t i g a tion phase 

0 200 
I I I 

GEOHYDROLOGY 

A.lr litt tut, Interval■ 

InJeotlon t es t 
Sm lnterva.l 

lnJeo tlon teat 
SO Ill in terval 

Sphuier 

Pumplna teat 

Interference teat, 
pumpl na lnterva.J. 

Dilution tut, inter vals 

Obaerva t.lon, 
packer ■ett.lngs 

Fluld conduc tlvlty 
sensor level 

Circulation aectlo11s 

GROUND'I' ATER CHXMISTRY 

Complete ohemloal -oh.raoterb at!on 

Samplina during 
pumpin.a t est 

Samplin a dur Lng 
drUUua 

J'raotur s mluen.l 
atatlsUca 

Fracture min eral 
& ~ ~ chemistry 

C? ~ LAXEMAR ... . - , 
400 600 

I I I I 

D D 

- -

~ .6.. t:£::;; t:t::i:;, ~ 

Core bore hole: KLX01 
Len g th: 702 m/1078 m 

600 1000 
I I I 

D □ 

- - ---

I 
Report 

PR 25- 91- 01 

PR 25- 68-14 

- fJ -

- " -/notes 

PR 25-01- 01 

I. Rhen/notes 

PR 25-80-04 

111 prep. 

PR 25-88-11 

PR 25-00-12 

°' ..,. 



"'!j 

~-
~ 
N 

~ 
""O 
~ .... ,..., 

~ 
~-
~ 
g
~ 
;::-
;:) 

~ 
"" 
~ 
V'.l 
a 
'-
6 
•-,._, 

Aspo Hard Rock Laboratory 
Percussion boreholes 

0 

50 

100 

150 

200 

HAS0l <100 ml 

7t
4 ':F'-f-.-,.. 

.-,.. 
.-,._-f. 

. -f-'+"f/:;f ..,._-f. .-,..-f. 
~hi:1-'+-

,~'ti ..,_ 
'f4~-\ -;.. -f. ..,_ 

":-,-. ' -f-.-,.. 

'\,++' 
\'A '~ ' ·•·r~. -f-

~j{ f. 
·-·.,.:; 

no water inflow 

m 

Overburden 
:~ Aspo cliorite 
~ F .g . granite 
i:::_:l Sm. granite 
~ Greenslone 
~ My lon i le 

xxx • Fracture inclica lion 
W • Waler inflow 

Li thologic borehole 
log based on exa
mination of drill 
cuttings. 

HAS02 (93 ml 

7:- . 
.;.;:, 
y?;.._ . ..,_ .,__..,-. 

"") -f. 
' ,:,-~.-,..-f. 
~'! -f. 

-i., • ..,._-,.. 
h-\~:,~ 

.,__-1-
. ,-1--
·- ,-..-,. 

• "'~t\ . . \~ 
VJ-::._ -f-

~0../: :1---f
l( 

¥~ 

r water inflow >10000 1/h 

N 

t 
0 200 400 m 

Pre-investigation phase 
.-s_g12on-2_s2- 1 970101! 

HAS03 ClO0 ml 

0 

50 

L water inflow -1200 1/h 100 

'-1-ASO ' 
150 

200 m 

°' :Ji 



~ ~-.... .... 
"'! 
('I, 

N 
I 

VI 
:".I 

--0 
(':) -.., 
(") 
.:: 
c., 
c., 

s· 
;::s 
~ 
C 
~ 
;:.-
c ....... 
~ 
V. 

~ 
v.i 

~ 
a 
~ 

Aspo Hard Rock Laboratory 
Percussion boreholes 

0 

50 

100 

150 

200 m 

HAS04 (200 ml 

no water inflow 

~~~ Overburden 
~ Aspo diorite 
~ F.g. granite 
B2J Sm. granite 
Bl:9 Greenstone 
~ Mylonite 

XXX - Fracture indicati on 
W ~ Yater inflow 

Lithologic borehole 
log based on exa
mination of drill 
cuttings. 

HAS05 UDO ml 

L water inflow - 1000 1/h 

0 2 00 400 m 

Pre- investigation phas e 

HAS06 ClOO m ) 

50-100 lib I 

XXX 

1xxx 
-eo 1/h • 1&lxxx 

l xx 
L water inflow - 50-100 1/h 

HASOS 

' 

0 

50 

100 

150 

200 m 

o, 

°' 



Aspo Hard Rock Labora tory P re- in vestig_a t ion phase 
Percussion boreholes 

HA.S07 (100 mJ HA.SOB (123 m.l HA.S09 <123 m.l 

0 0 

~ 

' ~-
i:: 

~ 
'( 

t-,.,; " .,.. I .,-,..+ :f..,_-,.. 
vi 
~ 

"'1:; 
~ 

~ 
I 50 J ~ ~ ~ ~ 5 0 

~ 
~ 
2 
c-
~ 

~ :::--
:::i ·-~ ¥ 1 ;;--

100 l: water inflow ~120 l/h 100 "" 
~ I °' I\. (\ --...J 

V'l ,~ Overburden 
c:::, 

~ Aspo diorite 
'-I 

I 

~ F .g. granite 

\~ 
c:::, HAS09 
:-0 ~ Sm. granite " 

~ Greenstone .lspo 

~ Mylonite IHAS08 IINJVI 7 _.t. ~ 150 -I 
XXX • Fracture indication 

150 

W • Yater inflow 

N 
Lithologic bor ehole t log blilSed on exa-
m.ination of drill 
cuttings. 0 2 00 400 m. 

200 _j 
~ L 200 m m 



Aspo Hard Rock Laboratory Pre - investigation phase 
Percussion boreholes 

HASlO (125 ml HASH (125 ml HAS12 (125 ml 

"'Ii ~-
::: 

I 0 0 

~ 
N 
I 

~ 
~ 

"'t, 

"' 2 I ,;; 
,;-, 

50 '"1 ~ . Yfh, ~ ~ 50 
--2 
;:,-
✓ ..., 
"t ::-
(:) --~ 
"' - 100 

I ' ' -,:·' 100 ::;: 
I °' V'.l 

00 A r,. .__ . -

Overburden ~ 
~ Aspo diorit.e .__ 

:',) 
~ F.g. granite 

P.21 Sm. granite 

~ Greenstone 

1 88J Yylonite 

\ 0~ c ....... ~ 150 150 
XXX - Fracture indication 

W • Water inflow 

N 
Lithologic borehole 

f log be..eed on e.xa -
mination of drill 
cuttings. 0 200 400 m 

200 J ._,, 
L 200 m m 



Aspo Hard Rock Laboratory Pre- investigation phase 
Percussion boreholes 

HAS13 (100 m) HAS14 (100 ml HAS15 (120 mJ 

"'j I ~- 0 0 ~ .L" . -... ,,; 
N 
' 'Jt 
~ 

""O ,.,_ 

~ ~ •1 XX ...: 
' ~'f.+ 

:,. 
50 ~ ~ 50 

~- ..,-1--'f. w XX 

? 
": 

~ 
;:) --~ =-, 

~ ~ I 

' ~ I 0, 

100 100 '° V-::· ~ water inflow - 70 1/h 

--w 
' I I 
._ t',.. Overburden 
;-'1 

- ., 
~ Aspo diorite 

~ F .g. granite 
ggJ Sm. granite 

~ Greenstone 

-l B8ll Mylonite 
\ ~---... 7 _,...._ ~ 150 150 

XXX • Fracture indication 
W • Water inflow 

N 
Lithologic borehole i log based on e:ii:a-
mination of drill 
cuttings. 0 200 400 m 

200 J <.../ L 200 m m 



Aspo Hard Ro c k Laboratory Pre-in v e s t igation phase 
Per cussion boreholes 

HAS16 (120 m l HAS17 (120 m l 

"'!'j ~- I 0 
"" + 0 

::; 
~ 

N 
I 

Vi 
:--..i I I 100 Vb. 

""I:; 
n:, 
..... 

I 50 7 V/:J:,, ~. ~ 50 " ;::: 
:.-: 
"' :::;· 
::i 
~ 
c:, 
..... 
f't.. 
::::;-

~ 
~ 
:...: 

~ 100 

l 
l: water inflow ~800 1/ h 'ff/J}. -~ l:..-ater inflow ~200 l/h 

' 
100 

I -.J V) 
0-114 Vb. - 0 -- -- Overburden 0. 

' ~ Aapo diorite ---:---.i ~ F.g. granite 
~ Sm. granite 

~ Greens tone 

1 ~ Mylonite 

\~~ 7__., ~ 150 / 
I 150 xxx - Fracture indication HAS17 

W - Water inflow 

N 
Lithologic borehole i log blll!led on exa-
m i nation of drill 
cuttings. 0 2 00 400 m 

200 J ~ L m 200 m 



~ 
~-
~ 
N 
I 

VJ 
?o 

'i:j 
~ a -'"" "' §' 

g-
"' '1: 
::;-

~ 
"1, 

"' 
~ 
V) 
.._ 
·~ 
N 
~ 

A~Eb Hard Rock Laboratory 
Percussion boreholes 

0 

50 

100 

150 

200 

HAS18 (150 m) 

~ 
-~~ 

•Cf-. ·et,, 
-~ f+1; 
1-=:-i:,:,, 
~f,Cf-, 
-N-1_ r,t,_ 

l:f-

Overburden 
~ Aspo diorite 
~ F.g. granite 
~ Sm. granite 
~ Green.stone 

m 

~ Yylonite 

xxx • Fracture indication. 
W • Water inflow 

Lithologic borehole 
log based on exa
mination of drill 
cuttings. 

HAS19 (150 mJ 

\ ~1h 
~ ·I, 
~ 
~'I:,. 
f,_i- -f.. 

:1~t-i:,. 
' ,1--+-if/r -,_-f. 

w {~ 

·-t~\· 
\. ,, 

·.1 

Pre-investigation phase 

HAS20 (150 m) 

0 

50 

-.J 

100 

150 

200 m 



3 

73 

COMPLEME TARY 
INVESTIGATIONS 

L' 
iC.1 

After excavation of the tunnel had started drilling from the surface was 

performed in three cored boreholes and twelve percussion holes in the Aspz1-

Laxemar area. Figures 3-1 and present location of the boreholes. 

3.1 CORED BOREHOLES 

KLXOJ 
The first 702 m of core borehole KLX O 1 was drilled during the pre

investigation phase (Figures 3-2 anc! 2-21). In 1990 the hole was extended to 

a length of l 078 rn. Core logging data is presented in Figure 

KLX02 
The main objective of deep core borehole KLX 02 (Figure ) was lo 

demonstrate a feasible drilling technique for investigations and sampling at 

depth down to at least 1500 m. The hole was drilled in 1992 using a wirelinc 

method, NQ dimension (76 mm), to a final depth of 1700.5 m. Investigations 

in KLX 02 are still going on. Core logging data is presented in Figure 3 4. 

Reference: TR 94-19 

KAS16 

When the tunnel had passed through fracture zone NE- 1 core borehole KAS 16 
(Figure 3-1) was drilled to check the orientation and character of the zone 

(Figure 3-1). Core mapping data is presented in Figure 3-5. 

Reference: PR 25-93-01 
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Figure 3-1. Location of complementary boreholes. 
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Figure 3-4 (continued). Core !ogginK data KLX 02. 
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3.2 PERCUSSION BOREHOLES 

Percussion boreholes HLX 10-11 and 12 were drilled as water supply wells for 
core borehole KLX 02 in Laxemar (Figures 3-2 and 3-6). 

HBH 03 and 04 were drilled to get more information of fracture zone EW-7 
(Figures 3-1, 3-7 and 3-8). 

Percussion boJes HMJ OJ, HAS 21, HLX 08 and HLX 09 were aJI to get more 
information of fracture zone NE-1 (Figures 3-1, 3-2, 3-8 and 3-9). 

Referenc~.: PR 25-92-18 

Percussion holes HBH 01-02 and 05 were drilJed in order to localize and 
characterize a suitable fracture zone for the "Redox expcrimenr' (Figures 3- / 
and 3-8) . 

. . ,.Reference: B:R 25-:95-06 
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4 TUNNEL INVESTIGATIONS 

Duri ng the excavation work a great number of boreholes were drilled and 
special studies made in lhe tunnel. 

4.1 OVERVIEW OF BOREHOLES SAMPLING AND SPECIAL 
STUDY AREAS 

Fixures 4-1 lo 4-8 present an overview of lhe location of boreholes, sampling 
and special study areas in lhe tunne l. All lhe framed study areas are described 
in more detail in Section ./-.2. 
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Figure 4-1. Legend ruJ,gurc.1 .J-2 ro .J-8. 
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4.2 DETAILED DESCRIPTION OF SPECIAL STUDY AREAS 

The special studies listed below are presented on the following pages by an 
abstract and, in some cases, a detailed illustration (Figures 4-9 to 4-13). 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Blasting damage investigation i_n access ramp section 0526-0565 m . 

Passage through water-bearing fracture zones . 

Supplementary investigations of fracture zones in the Aspo Tunnel. 

Mineralogy, geochemistry and petropbysics of red coloured granite 
adjacent to fractures. 

Definition and characterization of N-S fracture system tunnel sections 1600 
LO 2400 ill. 

Pore volume characterization. Ape1turc distribution of a highly conductive 
single fracture. 

Classification and characterization of water-conducting features at Aspo: 
Results of Phase I investigations. 

Direct fault dating trials at the Aspo Hard Rock Laboratory . 

Comparative study in the TBM tunnel. 

Supplementary inflow mapping of tunnel section 1584 - 2496 m . 

Groundwater degassing and two-pbase flow: Pi lot hole test. 

Block scale Ree.tax-experiment. 

Trace elements in low-conductivity rock. 

Sulphate reduction . 

Experiences from the grouting of the tunnel. 

SelecL. 

Zedex . 
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Blasting damage investigation in access ramp section 0526-0565 m 

In 1991 the blasting damage around the tunnel contour was -;tudicd using 
several different methods both in boreholes (geophysical logging, TV logging 
and hydraulic testing) and directly on the tunnel walb and floor. Vibration 
measurements were made during blasting u-;ing accelerometers placed in a 
borehole along the gauge section. Eight short holes were cored in rhe f1oor and 
in one of the walls after the test rounds had been blasted. Samples of the cores 
were taken from each hole for measurement or the Kaiser effect and 
examination of microcracks. 

The results of the investigation comprising this project are presented in five 
reporls and a few ,micles: 

Christiansson R, Hamberg U, 1991. Tunnel Excavation and 
Documentation. SKB, PR 25-91-12. 

Olsson O, 1991. Geophysical Investigations in boreholes. SKB, PR 25-
91-13. 

Ouchtedony F, et al., 1991. Damage zone assessment by Vibration 
measuremems. SKB, PR 25-9 I -14. 

Kornfiilt K-A et al., 1991. Optical examination of Microcracks in thin 
Sections and Acoustic Emission of core samples. SKB. PR 23-91-15. 

Nilsson L, 1991. Hydraulic Tests. SKB PR 25-91-16. 
Ouchterlony F, Nakagama K, 1992. Blasting damage in the ramp of the 

SKB underground Laboratories at Aspo Sweden - Verification of 
predictions based on vjbrntion measmemenLs. In Proc of the 24th 
Japan Symposium on Rock mechanics. Japan Soc of Civil Engineers. 
Tokyo, Japan 6-7 February 1992. 

Stanfors R, 1992. Undersokning av sprangskador i Aspolaboratoriet 
(Blasting damage investigation in the Aspo Hard Rock Laboratory). 
Jn papers presented at the Rock Mechanics Meeting in Stockholm, 
March 1992. 

Pusch R, Stanfors R, 1992. The zone of Disturbance Around Blasted 
Tunnels at Depth. lnternationaJ Journal of Rock Mechm1ics, 
Mineralogy Science and Geomechanics. Abstract Vol 29, No 5. 

Pusch R, Stanfors R, 1993. Disturbance of rocks around blasted tunnels. 
Proceedings of the Fou11h International Symposium on Rock 
fragmentation by Blasting, Fragblast-4, Vienna, Auslria, 5-8 July 
1993. Balkerna, Rotterdam. 
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Passage through water-bearing.fracture zones 

In conjunction with pre-investigations for the AHRL a number or indication-. 
were obtained of major water-bearing fracLurc zones, specially the fJalo- A-.pii 
stretch of the access tunnel. A "m,~jor" water-hearing fracture zone is here 
taken to mean a Lone at least 5 m wide. considered to be of complex 
composition and permitting water flows that require cxtem,ive scaling work. 

A number of hydraulic tests performed in fracture zone NE- I - which \Vas 
located by means of geophysical methods of measurements and a number or 
core boreholes - indicated a large transmissivity ( I x 10-1 m~/s). This zone was 
considered to be suitable for an extensive experiment principally concerning 
characterization and sealing. 

To be :1ble to perform the planned tests in fracture zone NE- I in as efficient a 
manner as possible, during the excavation of the tunnel. a number or tests were 
performed on variow, methods when passing through fracture zones EW-7 and 
NE-3. Experience from these tests wm, u:-,cd in the experiment in NE-J. I hereby 
considerably increasing the chances of performing this according to plan. 

The results of the investigations are presented in: 

Backblom G (ed), Svemar C (ed)., 1993. First workshop on design and 
construction of deep repositories - Theme: Excavation through water
conducting major fracture zones. Sastaholm Sweden, March 30-31 
1993. SKB TR 94-06. 

Rhen I, Stanfors R, 1993. Passage through water-bearing fracture zones. 
Evaluation of investigations in fracture zones NE- I, EW-7 and N E-3. 
SKB PR 25-92-18. 

Stille H, et al., 1992. Passage of water-bearing fracture zones. 
Experiences from the grouting of the section 1-1400 m of the tunnel. 
SKB, PR 25-92-19. 
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Supplementary investigatiolls of fracture Zones in the Aspo Tunnel 

Ln order to obtain more detailed information of different kinds of fracture Lones 
supplementary investigations were performed in the Aspo tunnel after 
excavation during 1994-95. 

The predicted subvertical "NNW-structures" can be identified in some cases 
as "minor fracture zones" at depth. In other cases they are rather forced to be 
built up as a more or less complex ,;;ystem of conductive "fractures" trending 
WNW toNS. 

A special study of gently dipping structures revealed on ly two narrow fracture 
zones. Gently dipping fractures occur as [raclUre swarms rather than zones. 

All fracture zones mapped in the tunneJ have been compiled in a "Fracture zone 
Catalogue" 43 fracture zones have been recorded and of these 12 are "major 
zones" (>5 m wide) and 31 "minor zones" (<5 m wide). 

Rhen I, Stanfors R, 1995. Supplementary investigations of fracture 
zones in the Aspo Tunnel. SKB PR 25-95-20. 
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Mineralogy, geochemistry and petrophysics of red-coloured granite adjacent 

to fractures 

Mineralogical, geochemical and petrophysical investigations were made of 

coloured alteration rims and of neighbouring unaltered equivalents along 

fractures within granite from Aspo. An investigation was also made of a weak 

to rather strong, red-coloured granite from the Stripa mine, as well as a weak 

brownish-red colouration, definitely not hydrothermal in origin, of weathered 

rinds at a glacially polished rock surface in the Bohus granite. 

When approaching the fracture planes in the Aspo granite, the most diagnostic 

alteration features are 1) the saussuritization and Fe-oxyhydroxide staining of 

plagioclase, 2) the crystallization of chlorite pseudomorphs after biotite and 3) 

the hematisation of magnetite. The porosity within the alteration zones 

increases generally 2 to 3 times that of protolithic rock, whereas the densities 

decrease by some 5 to 10%. The oxidation of magnetite gives a much as a 

tenafold reduction of the magnetic susceptibility. 

Eliasson T, 1993. Mineralogy, geochemistry and petrophysics of red

coloured granite adjacent to fractures. SKB TR 93-06. 
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fracture system between tunnel 

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

A detailed characterization of the fracture zones striking NNW and/or a first 
interpretation of the data set (tunnel section 1600-2400 m), with respect to the 
hydraulic importance, were not available. Thus one of the tasks of this work 
was to increase the knowledge of the fracture system striking "NNW" using 
tunnel mapping data and to define this system in terms of a strike direction 
intervals. 

The investigations were concentrated the first tunnel spiral (tunnel chainage 
from about 1600 to 2400 m) as an example of a minor fracture system. 

Kickmaier W1 1993. Definition and characterization of N-S fracture 
system tunnel sections 1600 to 2400. Relationships to grouted 
sections - some remarks. SKB ICR 95-02 
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Pore volume characterization. Aperture distribution of a highly conductive 

single fracture 

An experimental method of characterizing fracture apertures was applied to a 

highly conductive, minor fault at the Aspo Hard Rock Laboratory. The method 

comprises grouting the fracture with coloured grout and measuring the grout 

layer thickness. Measurements were made on slices of drill cores and on 

photographs of the borehole walls. The average aperture of the fracture is 

shown to be about 2 mm and the coefficient of variation about 130%. The 

contact area, defined as apertures less than 0.1 mm, covers about 40% of the 

total area of the fracture surface. In areas with apertures greater than 0.1 mm 

the aperture can be approximated by a log-normal distribution. The spatial 

variation of the aperture has been analysed using geostatistical methods. A 

conceptual model is proposed that correlates the spatial distribution of the 

ape11ure with the shear displacement of the fracture. The results are discussed 

in the context of existing experimental and theoretical work, and the difference 

between measurement methods is analysed. In future studies, the borehole 

photograph method is recommended for characterization of highly conductive 

fractures, and the core sectioning method for tighter fractures. 

Hakami E, 1994. Pore volume characterization. Aperture distribution of 

a highly conductive single fracture. SKB PR 25-94-30. 
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Classification and characterization of water-conducting features at Aspo: 
Results of Phase I investigations 

Water flow in the basement rocks of Aspo takes place along water conducting 
features that are related to structural discontinuities (faults) created or 
reactivated during events of brittle deformation. The majority of these features 
dip steeply and strike NW-SE, parallel to the present maximum horizontal 
compression direction. 

Based on fracture mapping and mechanical structural interpretation in the 
tunnel as well as on the surface of Aspb, different types of water-conducting 
features were identified. Most, if not all, water-conducting features on Aspb arc 
faults. Major differences occur in the internal structure of these faults and, thus, 
they are classified as simple fractures or complex fractures = faults. The degree 
of complexity of faults depends to some degree on the lithology as well as on 
the presence of older structures focussing brittle faulting. The resulting 
classification scheme is presented with respect to radionuclide migration in an 
imposed experimental dipole flow field as well as in the far field of a 
hypothetical waste repository. 

Both simple and complex fractures were generated during the same geological 
events, and their character may change from simple to complex (and vice versa) 
along the strike. Prognostic capabilities defining the structure of faults some 
dccametres away from the tunnel arc limited but could possibly be improved 
by future studies. The simple and complex groups will be divided into more 
groups. 

Mazurek M, Bossart P, Eliasson T, 1995. Classification and 
characterization of water-conducting features at Aspo: Results of 
Phase I investigations. SKB PR 25-95-03. 



l lJ 

Direct fault dating trials at the Aspo Hard Rocle Laboratory 

Over seventy rock samples were collected from fault and fracture zones in the 

Aspo Hard Rock Laboratory tunnel for a study of direct fault-dating techniques. 

Following microstructural and mineralogical analyses, isotopic, palaeomagnetic 

and electron spin resonance (ESR) methods were employed in an attempt to 

determine the age of the most recent movements of the sampled faults. 

The larger fracture zones contain fault-rock assemblages and microstructures 

which are consistent with a prolonged and polyophase movement history, 

although cumulative displacement is difficult to quantify. For the important 

fracture zones NE-4 and NE-3, the most recent shear displacements involved 

formation of fault gouge cemented by authigenic "illite". 

ESR dating of quartz grains, separated from gouge from fracture zones NE-4 

and NE-3, strongly indicates that the ESR signals have not been reset by fault 

movements for a minimum time period of several hundred thousand to one 

million years. 

Palaeomagnetic dating of gouge from fracture zone NE-4 shows that a stable 

component of magnetization overlaps both Precambrian (approx. 1350 Ma) and 

Permo-Triassic ( c. 270-190Ma) parts of the apparent polar wander curve. The 

younger age of magnetization is preferred on geological grounds and by 

comparison with the isotopic dating results. 

K-Ar dating of clay fractions ( <2 to <0.05 µ m) separated from gouge from four 

faults, including fracture zones NE-4 and NE-3, gave model ages in the range 

706-301 Ma. Accounting for the effects of contamination by potassium-bearing 

porphyroclasts, it is likely that authigenic "illite" was formed at least 250 

million years ago, after the most recent significant fault movements. Oxygen 

and hydrogen isotope analyses of the dated clay fractions show that they are not 

in equilibrium with the present-day groundwaters at Aspo. 

Maddock RH, Hailwood EA, Rhodes E J, Muir Wood R, 1993. 
Direct fault dating trials at the Aspo Hard Rock Laboratory. SKB TR 

93-24. 
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Comparative study between cored test borehole KA3191F and the first 200 
m extension of the TBM tunnel 

SKB decided in 1993 to use a TBM full-face boring technique for the final part 
of the Aspb HRL tunnel, in order to get experience of this technique for the 
future deep repository excavation. 

In order to make a good characterization of the TBM rock volume a cored 
borehole (KA3 l 9 l F) was drilled in advance of the TBM boring. One aim was 
to compare data from the cored borehole KA3 l 9 l F with the documentation 
data from the TBM-tunnel. 

Borehole KA3 l 91F was drilled from the TBM assembly hall in the centre line 
of the planned TBM-tunnel down to the lowest position of the excavation at a 
depth of 450 metres below ground level in the vicinity of the shafts. The 
borehole is 210 m long. 

It can be concluded that it was possible to make good predictions concerning 
the major rocks and major conductive sections in the tunnel. It was also 
possible to find a correlation between some but not all radar reflectors and 
structures (geological and hydraulic). There is normally a good correlation 
between geophysical logging data and increased fracturing/alteration of rock 
in the tunnel. Results from flow mapping during drilling and hydraulic tests 
correspond well to parts of the tunnel that have been grouted or not. 

Rhen I, Stanfors R, Wikberg P, Forsmark T, 1995. Comparative study 
between cored test borehole KA3191 F and the first 200 m extension 
of the TBM tunnel. SKB PR 25-95-09. 
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Supplementary inflow mapping of tunnel section 1584»2496 m 

The flow into tunnel section 1584-2496 was re-mapped during the period June 

30 to July 12 1994. The purpose was to compare with the inflow mapping made 

at the tunnel face during construction. The purpose was also to get a better 

estimate of the flow distribution around the tunnel, as weirs at that time the 

total flow into the tunnel could be measured by dams and weirs along the 

tunnel. 

Rhen I, Danielsson P, Forsmark T, Gustafson G, Liedholm M, 1994. 

Geohydrological evaluation of the data from section 2265-2874 m. 

SKB PR 25-94-20. (Appendix 5) 
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Groundwater degassing and two-phase flow: Pilot hole test 

A pilot hole test was conducted to support the design of the Degassing of 
Groundwater and Two-Phase Flow experiments planned for the Hard Rock 
Laboratory, Aspb, Sweden. The test consisted of a sequence of constant 
pressure borehole inflow tests (CPTs) and pressure recovery tests (PRTs) in 
borehole KA2512A. The test sequence was designed to detect degassing effects 
from the change in transmissivity/hydraulic conductivity, and 
storativity/specific storage when the borehole pressure is lowered below the 
groundwater bubble pressure. A bubble pressure estimate of 300 kPa was 
calculated from earlier gas contents measurements in KA25 l l A and 
KA2598A. Borehole KA2512A was drilled while maintaining the borehole 
pressure greater than 1500 kPa to prevent the possible formation of a gas phase 
and ensure that single-phase flow behaviour could be well characterized. The 
entire 37.3 m of the borehole section was tested without packers. 

Geller J T, 1995, Groundwater degassing and two-phase flow: Pilot hole 
test. SKB International Cooperation Report, ICR 95-03. 
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Block scale Redox~experiment 

This project involved studying the performance of the geological barrier to 

protect a repository from dissolved oxygen entering vertical fracture zones 

from the surface, especially during construction and operation of the repository. 

On March 13, 1991 tunnel construction at the Aspb Hard Rock Laboratory 

intersected a vertical, hydraulically-conductive fracture zone 513 metres along 

the tunnel from its mouth and at a depth of 70 metres. For a period of three 

years the inflow to the tunnel, and discharge from boreholes drilled into the 

fracture zone from the tunnel, were monitored to observe if dissolved oxygen 

was transported from the surface into the groundwater under the intense 

hydraulic disturbance created by tunnel construction. As predicted by model 

calculations prior to the start of the experiment, dilute recharge water from the 

surface displaced the native saline water of the fracture zone. A breakthrough 

of fresh water was observed three weeks after the fracture zone had been 

intersected by the tunnel. 

The model calculations also predicted a breakthrough of dissolved oxygen into 

the tunnel, transported vertically with the recharge water from the surface. 

Although a slight oxygen breakthrough was observed a few weeks after the 

surface water breakthrough, the fracture zone rapidly returned to reducing 

conditions with intensive anaerobic respiration of organic carbon. 

l) The main result of this experiment is the accelerated input of organic 

carbon which adds net reducing capacity to the groundwater under the 

disturbed hydraulic conditions created by tunnel construction. 

2) No significant vertical transport of dissolved oxygen was observed during 

this experiment. 
3) Microbial respiration provides an important catalytic pathway for organic 

carbon to scavenge oxidants. 
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Banwart S, et al., 1992. The large scale redox experiment. Initial 

characterization of the fracture zone. SKB, PR 25-92--04. 
Banwart S, et a!., 1992, The Aspo redox investigations in block 

SKB, TR 95-26. 

Banwart S (ed), 1995. The Redox experiment in block scale. Final 

reporting of results from the Three Year Project. SKB, PR 25-95-06. 

Banwart S, et al., 1993. Redox processes in a granitic coastal aquifer: 

Characterization of the large scale experimental site and some initial 

results. SKB, PR 25-93-03. 

Banwm'i S, Gustafsson E, Laaksoharju M, Nilsson A.~C, Tullborg 
E,L and Wallin B, 1994. Large-scale intrusion of shallow water into 

a vertical fracture zone in crystalline bedrock: Initial hydrochemical 

perturbation during tunnel construction at the Aspo lfard Rock 

Laboratory, southeastern Sweden. Water Resour. Res. 30:6, 1747-

1763. 
Banwart S, Wikberg P, 1994. Redox processes in disturbed groundwater 

systems: Conclusions from an Aspo-HRL study. Geoval 1994, Paris, 

France. 

Trace elements in low-conductivity rock 

This work was aimed at the study of the following concerning sampling of deep 

saline groundwater in low-conductivity rocks in the HRL: a) to find suitable 

methods for chemical analysis of trace elements in very saline water ( c1· 
content between 4000 and 7000 mg/1), b) to find out how the sampling should 

be carried out in practice without contamination, c) to study the geochemical 

differences between waters in low- and high-conductivity zones and d) to study 

the geochemical interaction between water and rock. 

Two boreholes were drilled in different lithologies for sampling of water in 

low-conductivity zones. The water sampling was done four times during three 

months. Protection gas was used to avoid contamination from tunnel air. Water 

in l 5 high-conductivity zones was sampled. Petrological and chemical analysis 

of the drill cores were also made. 

The water samples were analysed in three commercial laboratories. Non

parametric statistics analysis (scattergrams and box plots) were used for 

evaluation of the chemical analysis. Analysis with flame and flameless AAS 

gave high precision for major elements normally analysed in saline waters but 

for only two trace elements. Analysis with ICP-MS after pre-concentration and 

with INAA was unsuccessful for most elements, while ICP-MS analysis 

presumably with a special nebulizer gave acceptable results for 9 trace 

elements. The following elements were accepted for use in the interpretation 

of the geochemistry of saline water: Na, K, Mg, Ca, Sr, Li, Mn, Fe, Y, Pr, La, 

Br, Rb, U, Mo, Cs and Ba. 

In general, the lowest concentrations of Na, K, Ca, Sr, Li, La, Br, Rb and Mo 

were found in the water of the section with the lowest water flow. Barium was 

the only element with the highest content in this section. A clear difference in 
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element concentrations was found over a short distance" in the greenstonc or et 

low-conductivity zone. A trend of changing (increasing) element conctntrations 

with time was seen in samples taken from low-conductivity zones. A clear 

trend of higher concentrations of Li, Ca, Br, Sr and Mo was found in the low

conductivity rocks as compared to high-conductivity rocks. The opposite i.s.; true 

for the concentrations of K Mg, Mn, U, Rb, Y, Cs, whereas no differences 

were found for the concentrations of Pr, Ba, La, Fe and Na. A trend of 

decreasing concentrations of Fe and to a less extent of Ba and Cs down the 

tunnel is obvious, whereas the opposite is true for Mo, Li, Ca, Na, Co and 

Nilsson A·C, 1994. Compilation of groundwater chemistry data from 

Aspo 1990-1994. SKB, PR 25-95-02, 
Wikstrom L, Bjorklund A, 1994. Trace elements in waters of low

conductivity rocks in the Aspo Hard Rock Laboratory. SKB, PR 25-

94-28. 
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Sulphate reduction 

Sulphate reduction is a well studied process in sea bed sediments, but is less 

known in deep groundwaters. Sulphate-reducing bacteria can bring about the 

reduction of sulphate to sulphide using, for example, organic substances 

present in natural groundwater as reducing agents. Sulphide production is of 

particular interest for disposal of spent fuel in copper canisters because 

sulphide is in fact the only substance present in deep groundwaters that will 

cause the corrosion of copper. Oxygen, another copper-corrodant is not present 

in deep groundwater and sulphate will not react with copper unless microbes 

reduce it to sulphide. 

Evidence and indications of sulphate reduction based on geological, 

hydrogeological, groundwater, isotope and microbial data gathered in and 

around the Aspo Hard Rock Laboratory (HRL) tunnel have been evaluated. 

This integrated investigation showed that sulphate reduction had taken place 

in the past but is most likely also an ongoing process. Anaerobic sulphate

reducing bacteria can live in marine sediments, in the tunnel sections under the 

sea and in deep groundwaters, since there is no access to oxygen. The sulphate

reducing bacteria seem to thrive when the Cl- concentration of the groundwater 

is 4000-6000 mg/1. Sulphate reduction is an in-situ process but the resulting 

hydrogen-sulphide-rich water can be transported to other locations. More 

vigorous sulphate reduction takes place when the organic content in the 

groundwater is high(> 10 mg/1, DOC) which is the case in the sediments and 

ground-waters under the sea. Some bacteria use hydrogen (geogas) as an 

electron donor instead of organic carbon and can therefore live in deep 

environments where access to organic material is limited. The sulphate

reducing bacteria seem to adapt relatively quickly to changing flow situations 

caused by the tunnel construction. 

Laaksoharju M (ed), 1995. Sulphate reduction in the Aspo HRL tunnel. 
SKB, TR 95-25 
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Experiences from the grouting of the tunnel 

The tunnel has been pre-grouted where the water leakage was expected to be 

high. A great number of pre-grouting fans have been made. Besides ordinary 

demands it was desired to achieve a limited spread of the grout. Two 

accelerated grout mixes with calcium chloride have been used. The grout 

properties and time for hardening have been tested. Comparisons with 

theoretical grout take and penetration and measured values have been made, to 

find a better method to predict grout take and penetration. 

Gustafson G, Stille H, 1996. Prediction of Groutability from Grout 

Properties and Hydrogeological Data. Tunnel and Underground Space 

Technology, Vol. 11, No. 3. 

Stine H, Gustafson G, Hakansson U, Olsson P, 1993. Passage of water 

bearing fracture zones. Experiences from grouting the section 1-1400 

m of the tunnel. SKB, PR 25-92-19. 

Stille H, Jansson T, Olsson P, 1994. Experiences from the grouting of 

the section 1340-2565 m of the tunnel. SKB, PR 25-94-13. 

Stme H, Olsson P, Gustafsson G, 1993. Experience from the grouting of 

the first part of the tunnel of the Aspo Hard Rock Laboratory. Papers 

presented at the Rock Mechanics Meeting, Stockholm, March 1993, 

SveBefo. 
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Select 

Based on defined experimental criteria, experimental volumes were tentatively 

allocated for the REX, RNR (Chemlab) and TRUE experiments. The three rock 

volumes were investigated within the SELECT Project using eight cored 

boreholes. The rock sampled by the boreholes were characterized with different 

geological, geophysical and hydrogeological techniques. As a complement to 

conventional core logging, the new BIP borehole TV system was successfully 

utilized. Suitable target features for three experiments (REX, RNR and TRUE) 

which answer up to preset requirements were identified in four of the drilled 

boreholes. Identified features and important boundary conditions were 

sectioned-off using multi-packer systems with up to five test sections. An 

important issue in the SELECT investigation programme was to assess the risk 

for disturbance between different experimental sites. The intra- and cross

borehole hydraulic connectivity was characterized with a hydraulic interference 

test programme. It was noted that hydraulic responses are transmitted over 

hundred of metres. However, the identified volumes and target features appear 

to be relatively well isolated from disturbances in the respective boreholes and 

adjacent rock blocks. Descriptive models for rock blocks containing the 

identified target features were produced on the basis of the collected 

information. The orientation of hydraulically conductive fractures and zones 

is predominantly north-west, as opposed to the presumed north-northwesterly 

orientation. During the course of the investigations and subsequent evaluation 

two new fracture zones, NW-2 and NW-3, have been identified. 

Winberg A, Andersson P, Hermansson J, Stenberg L, 1996. Results of 

the Select Project. Investigation programme for selection of 
experimental sites for the operational phase. SKB, PR HRL-96-01. 
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ZEDEX-A study of the zone of excavation disturbance for blasted and bored 
tunnels 

To obtain a better understanding of the properties of the excavation disturbed 

zone (EDZ) around an excavated tunnel and its dependence on the method of 

excavatiou, ANDRA (France), Nirex (UK) and SKB (Sweden) initiated the 

Zone of Excavation Disturbance Experiment (ZED EX) Project. The objectives 

of the ZEDEX project were to understand the mechanical behaviour of the EDZ 

with respect to its origin, character, magnitude of property change, extent, and 

its dependence on excavation method, to perform supporting studies to increase 

understanding of the hydraulic significance of the EDZ and to test equipment 

and methodology for quantifying the EDZ. A distinction was made between 

measuring the excavation-induced damaged zone and the excavation-induced 

disturbed zone. 

The rock mass initial conditions were characterized by several techniques; 

tunnel mapping and core logging, laboratory testing on core samples, in-situ P

anel S-wave velocity measurements, borehole radar and geotechnical 

classification factors (Q, RMR). The rock mass response to excavation has 

been recorded by multiple point borehole extensometers (MPBXs), 

convergence, se1sm1c velocity, permeability and acoustic emission (AE) 

measurements. 

The far-field measurements showed little evidence of damage for any of the 

excavation techniques. AE source locations showed that there was sparse 

activity beyond about 2 m from the tunnel perimeter. Hydraulic changes and 

AE activity in the far-field may result from opening, closing or minor shearing 

of existing fractures due to stress redistribution. In the near-field, there was 

little evidence of damage around the drift excavated by tunnel boring machine 

(TBM) except within a few centimetres of the drift perimeter. AE results 

showed microcracking occurring predominantly tightly clustered at the tunnel 

face and walls, with only scattered cracking further from the tunnel. 

In the drill and blast (D&B) drift, the damaged zone developed to a maximum 

depth of about 80 cm in the floor of the tunnel, where higher energy explosives 

were used and was less well developed in the walls. AE results show that there 

was up to 10 times the activity occurring around the D&B drift compared with 

that around the TBM drift but little difference in AE rate between the two 

methods. No difference was observed in the EDZ extent and magnitude 

between the low shock energy smooth (LSES) blasting and the normal smooth 

(NS) blasting. In terms of success criteria in comparison with the expected 

outcome of the experiment, the ZED EX project was successful in research and 

development of suitable methods for characterizing EDZ. It also provides a 

solid basis for selecting and optimizing methods of excavation. 

Bauer C, Falls S, Stenberg L, Emsley S, Olsson 0, 1995. ZEDEX- A 

study of the zone of excavation disturbance for blasted and bored 

tunnels. SKB International Cooperation Report, ICR 96-03. 
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4.3 COiv1PILATION OF DIFFERENT INVESTIGATION ACTIV
ITIES 

The different investigation activities with references are described in Tables 4-

1 to 4-3. 

Table 4~1. Investigations of rocks and minerals in the tunnel with 
references to reports where to find more details concerning results and 
scope of study, 

INVESTIGATION REPORT 

Modal analysis of rocks PR 25-95-04 

Chemical analysis of rocks PR 25-95-04, PR 25-93-0 l 

Density analysis of rocks PR 25-93-05, PR 25-93- l 0, PR 25-94-19 

Porosity analysis of rocks PR 25-93-05, PR 25-93-10, 
PR 25-94-19, PR 25-95-09 

Fracture filling analysis TR 93-24, PR 25-93-01 PR 25-93-05 

Paleomagnetic analysis TR 93-24 

XRD analysis TR 93-24, TR 93-06 

ESR analysis TR 93-24 

Isotopic dating TR 93-24, PR 25-95-04 

Rock mechanics PR 25-94-02 

Magnetic susceptibility TR 93-06 
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Table 4~2, Geochemical investigations in the tunnel with references to 

reports where to find more details concerning results and scope of study, 

INVESTIGATION REPORT 

Microbiological investigations TR 95-10 

Fracture mineralogy TR 95- I 3, PR 25-93-01, PR 25-93-03 

Trace element analyses PR 25-94-28, PR 25-95-02 

Redox front investigations PR 25-95-06, TR 95-26 

Fracture characterization and classifica- PR 25-95-03 

tion 

Isotopic investigations ICR 94-06, ICR 94-13 

Groundwater analyses PR 25-95-02, TR 92-31 

Colloidal investigations PR 25-95-06, TR 95-24 

Hydrochemical modelling ICR 94-13 

Sulphate reduction TR 95-25 
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Table 4~3. Geohydrological investigations in the tunnel with references 
to reports where to find more details concerning results and scope of 
study. 

INVESTIGATION REPORT 

Pressure build-up tests in probeholes. PR 25-93-06, PR 25-93-11 PR 25-94-20, 
PR 25-95-28 

Flow into the tunnel PR 25-95-28 

Salinity of water measured at weirs PR 25-95-28 

Mapping of water bearing fractures PR 25-95-28*, PR 25-95-23 

Water pressure around the tunnel PR 25-95-28 

Piezometric levels PR 25-95-08, PR 25-93- 13, PR 25-94-22 

* Summary of some data previously presented in PR 25-93-06, PR 25-93-11 and PR 25-94-20. 



129 

4A BOREHOLE INVESTIGATIONS 

A compilation of investigations performed in boreholes in the Aspo tunnel is 
presented in Tables 4-4 to 4-8 with reference to report or database (grey field). 

At Aspo four different coordinate systems are used. The systems are rotated 

relative to each other and have different north directions. Within the Aspo 
Project all geological information on the orientation of structures is given 

relative to magnetic north. This reference direction is generally used in this 

report. Occasionally geographic north is also used as a reference direction, but 

for practical purposes this is equal to magnetic north considering the accuracy 
in orientation that can be obtained for geological features. Local drifts and 

borehole orientations are always given in the local Aspo coordinate system. All 
coordinates are related to top of casing. Dip and direction are related to casing 

orientation. The dip is defined as positive when directed upwards and negative 

when directed downwards. Direction is defined positive clockwise from Aspo 

local north. The relative orientation between the three coordinate systems are 
defined below. 

Aspo north is 11.1 ° west of geographic north and 12 ° west of magnetic 

north. Geographic north is 1.0 degrees west of magnetic north. Geo
graphic north is 0.7° west of RAK north (Swedish national grid) 

The boreholes in the tunnel are named according to an object identification 

code which is TDLLLLP. Were T stands for the type of object (K=core drilled 
borehole, S: percussion probing hole, H: Percussion borehole or Y= surface 

sampling). The D defines the tunnel (A= main tunnel, M: method tunnel, R= 
redox tunnel). LLLL defines the position along the tunnel in metres. P defines 

the position in the tunnel wall as described below. 

C 

F 
A B 

G 



Table 4-4. Compilation of performed investigations in cored boreholes in the Aspo tunnel. 

Borehole Core Geophysical TV- Borehole Ra- Rock Stress Water Sample Pressure Build-
logging Logging loggiug dar Meas up Tests* 

KH0222G 

KA0483A PR25-91-12 PR 25-91-13 PR 25-95-02 
KA0521A 
KA0522A PR25-91-12 PR25-91-13 PR 25-91-16** 
KA05222 
KA0531B PR 25-91-12 PR 25-91-13 PR 25-95-02 
KAOS31G PR25-91-12 PR25-91-13 PR25-95-02 
KA054SB PR25-91-12 PR 25-91-13 PR 25-95-02 
KA054SG PR25-91-12 PR25-91-13 
KAOSS2B PR 25-91-12 PR 25-91-13 PR 25-95-02 
KAOSS2G PR25-91-12 PR25-91-13 
KA0562B PR25-91-12 PR25-91-13 
KAOS62G PR25-91-12 
KA057SA PR 25-92-lSA PR 25-95-02 PR 25-92-18 
KA0644B PR 25-95-02 PR 25-92-18 
KA0667B PR 25-95-02 PR 25-92-lSA 
KA0747A PR 25-92-lSA 
KA074SB PR 25-95-02 PR 25-92-lSA 
KA104SA PR25-93-02 
KA1054A PR 25-93-02 
KA1061A PR 25-92-ISB PR 25-95-02 
KA1131B PR25-95-07 PR 25-92-lSB PR 25-95-02 
KA1192A PR25-93-02 
KAJ195A 
KA1623A PR25-93-02 
KA1625A PR 25-93-02 
KA1626A PR25-93-02 
KA1639A PR 25-95-02 
KA1750A PR25-95-02 
KA1751A PR 25-93-12 PR25-94-06 
KA1754A PR25-94-01 PR25-95-02 PR 25-94-06 
KA1755A PR 25-93-12 PR25-94-39 
KA1899A PR 25-94-02 
KA2048B PR 25-95-07 PR 25-94-01 PR 25-93-12 PR25-94-06 

Interference Spin11cr Meas. 
Tests 

I 

PR 25-92-lSA 

PR 25-92-lSA 
PR 25-92-l!!A 

PR 25-92-lSC PR 25-92-lSB 
PR 25-92-18C 

PR 25-94-06 

PR 25-94-39 

IJCM 

PR 25-92-]SA 

l?JR 25-92-UlA 
PR. 25-92-UIA 

PR 25-94-06 
PR25-94-39 

I 
i 

' • 
! 
I 

w 
0 



Table 4-4 ( continued). Compilation of performed investigations in cored boreholes in the Aspo tunnel. 

Borehole Core Geophysical TV- Borehole Ra- Rock Stress Water Sample Pressure Build- foterference Spinner Meas. UCM 
logging Loggirng logging dar Meas up Tests* Tests 

KA2050A PR25-94-14 PR 25-94-04 PR 25-95-02 PR25-94-14 PR 25-94-15 
KA2162B PR25-94-01 PR25-95-IP PR 25-94-06 PR25-94-06 
KA2198A PR 25-94-02 
KA2510A PR25-94-02 
KA2511A PR25-94-14 PR 25-94-14 PR 25-94-04 PR2S-95-02 PR2S-94-14 
KA2512A PR25-94-21 ·7 
KA2598A PR 25-94-14 PR25-94-14 PR25-94-04 PRZS-95-02 PR25-94-U PR 25-Siti-15 ! 
KA2858A I 
KA2862A ! 
KA2870A PR 25-94-32 
KA300SA PR 25-95-26 I 
KA3010A PR 25-95-26 
KA3067A PR 25-95-26 
KA3068A PR 25-94-32 

KA3105A PR25-95-26 
KA3110A 
KA3191F PR 25-95-09 PR 25-95-09 PR25-95-09 PR25-95-02 PRZS-95-09 PR25-9S-09 
KA3385A PR25-95-26 
KBH02T PR 25-95-02 
KC0045F PR2S-94-14 PR25-94-04 PR 25-95-02 PR 25-94-14 PRZS-94-15 w 
KM0015A 
KM0013A PR 25-95-02 PR 25-94-14 PR 25-92-l&A 
KR0012B PR 25-95-02 I 
KROOBB PR 25-95-112 
KROOlSB PR 25-95-02 
KXZAl 
KXZA2 
KXZA3 I 
KXZA4 
KXZAS 
KXZA6 
KXZA7 
KXZBI i 
KXZB2 



Table 4-4 ( continued). Compilation of performed investigations in cored boreholes in the Aspo tunnel. 

Borehole Core Geophysical TV- Borehole Ra- Rock Stress Water Sample Pressure Build-
logging Logging logging dar Meas up Tests* 

KXZB3 
KXZB4 
KXZU6 
KXZH7 
KXZB8 
KXZC! 
KXZC2 
KXZC3 
KXZC4 
KXZCS 
KXZC6 
KXZC7 
KXZRTlH 
KXZRTH 
KXZRTIV 
KXZRT2I 
KXZRT2H 
KXZRT2V 
KXZRD9H 
KXZR.D7H 
KXZRD7I 
KXZRD6H 
KXZRD2H 
KXZRD2! 

KXZRD3! 
KXZRD3H 
KXZRD4H 
KXZRDSH 
KXZRDll!-1. 
KXZRD8H 
KXZRD7V 
KXZRD6V 
KXZRD6I 
KXZRD3V 
KXZRD2V 

* 

** 
If no pressure-build up test has been performed estimate of flowrate after drilling is available in most cases. 
Injection test. 

Interference 
Tests 

Spinner Meas. UCM 

.....l. 

w 
N 



Table 4-5. Compilation of performed investigations in percussion boreholes in the Aspo tunnel. 

Borehole Geo- TV- Water Pressure Pressure Inter- Flow logging 
physical logging Sampling Build-up ohservation* fcrence spinner 
Logging Tests* Tests 

HA0525B PR 25-91-12 PR25-91-13 

HA0526G PR25-91-12 PR25-91-13 

HAOS30A PR 25-91-12 PR25-91-13 

HA0530G PR 25-91-12 PR25-91-13 

HA0532A PR25-91-12 

HAOS34B 

HAOS34G PR25-91-12 PR 25-91-13 

HAOS38A PR25-91-12 PR25-9I.13 

HAOS38G PR 25-91-12 PR25-91-13 

HA0541A PR25-91-12 PR25-91-13 

HA0542G PR25-91-12 PR 25-91-13 

HAOS46A PR 25-91-12 PR25-91-13 

HAOS46G PR 25-91-12 PR 25-91-13 

HAOSSlA PR25-91-12 PR25-91-13 

HAOSSIG PR 25-91-12 PR25-91-13 

HAOS53A PR 25-91-12 PR25-91-13 

HA0556G PR 25-91-12 PR25-91-13 

HA0559A PR 25-91-12 PR25-91-13 

HAOS60G PR 25-91-12 PR25-91-13 

HA0694B PR 25-92-18A PR 25-92-18A 

HA0704B PR 25-92-18A PR 25-92-18A 

HA0716B PR 25-92-18A PR 25-92-lSA 

Water 
Inject. 
Tests 

PR 25-91-16 

PR25-91-16 

PR25-91-16 

PR 25-91-16 

PR 25-91-16 

PR 25-91-16 

PR 25-91-16 

PR25-9l-16 

PR 25-91-16 

~ 

w 
w 



Table 4-5 ( continued). Compilation of performed investigations in percussion boreholes in the Aspo turm.el. 

Borehole Gco- TV- Water Pressure Pressure Inter- Flow logging Water 
physical logging Sampling Build-up Observation* fereuce spinner Inject 
Logging Tests* Test~ Tests 

HA0760B PR 25-92-lSA PR 25-92-lSA 
HA0762B PR 25-92-lSA PR 25-92-ISA 
HA0764B PR 25-92-lSA PR 25-9.2-lSA 
HA0977A PR 25-92-lSa 

HA0977G PR 25-92-lSa 

HA0978I PR 25-92-lSa 

HA0979A PR 25-92-lSa 

HA0979B PR 25-92-18a 

HA0982A PR 25-92-lSa 

HA0982B PR 25-92-lSa 

HA0982I PR 25-92-lSa PR25-93-07 

HA0985I PR 25-92-lSa 

HA0988A PR 25-92-lSa PR25-93-07 

HA0988B PR 25-92-18a PR 25-93-07 

HA0988G PR 25-92-lSa 

HA0988I PR 25-92-lSa PR25-93-07 

HA0991A PR 25-92-ISa PR 25-93-07 

HA0991B PR 25-92-lSa PR25-93-07 

HA099IG PR 25-92-lSa PR25-93-07 

HA099H PR 25-92-lSA PR 25-93-07 

HAI048A PR25-93-07 PR 25-92-lSC 
HA1051A PR 25-92-ISC 
HA1127B PR 25-92-lSC 
HA1130B PR 25-93-07 PR 25-92-lSC 

w 
.i::,. 



Table 4-5 ( continued). Compilation of performed investigations in percussion boreholes in the Aspo tunnel. 

Borehole Geo- TV- Water Pressure Pressure Inter- Flow logging Water 
physical logging Sampling Build-up Observation* fercnce spinner Inject. 
Logging Tests* Tests Tests 

HA1272A PR25-95-02 PR 25-92-lSC 

HA1273A PR25-95-02 PR 25-92-lSC 

HA1274A PR 25-95-02 PR 25-92-lSC 

HA1275A PR 25-95-02 PR 25-92-lSC 

HA1276A PR25-95-02 PR 25-92-lSC 

HA1278A PR 25-92-18D PR 25-95-02 

HA1279A PR 25-92-18D 

HA1282B PR 25-92-lSC 

HA1283B PR25-95-02 PR 25-92-lSC 

HA1284B PR25-95-02 PR 25-92-ISC 

HA1285B PR25-95-02 

HA1286B PR 25-95-02 PR 25-92-lSC 

HA1289C 

HA1292A PR 25-92-18D 

HA12921 PR 25-92-18D 

HA1294C 

HA1297C 

HA12981 PR 25-92-18D 

HA1299A PR 25-92-18D 

HA1308A 

HA1310A 

HA1311B 

HA1316B PR 25-92-18D 

HA1316G PR 25-92-18D 

..... 
w 
U7 



Table 4-5 (continued). Compilation of performed investigations in percussion boreholes in the Aspo tunnel. 

Borehole Geo- TV- Water Piressuire Pressure Inter- Flow logging Water 
physical logging Sampling Build-up Observation* ference spinner Inject. 
Logging Tests* Tests Tests 

HA1323B PR 25-92-180 

HA1323G PR 25-92-180 

HA1327B PR 25-92-180 PR25-9S-02 

HA1330B PR 25-92-ISD 

HA1405A PR 25-94-20 

HA1405B PR25-93-07 PR25-94-20 

HA1591A PR 25-95-20 

HA1613B PR 25-95-20 PR 25-94-20 

HA1684B PR25-95-20 PR 25-95-02 PR25-94-06 

HA1704B PR 25-95-20 PR25-94-06 PR25-94-06 
HA1714A PR25-94-06 i 
HA1726F 

HA1749A PR25-95-02 PR25-94-06 

HA1852A PR25-94-06 

HA1885B PR25-95-20 PR25-94-20 

HA1896A PR25-95-20 PR25-94-20 

HAl896B PR 25-94-06 

HA1960A PR25-94-06 

HA2198B PR 25-95-20 PR 25-93-12 PR 25-95-20 

HA2210A PR 25-95-20 PR 25-95-20 

HA2265A PR 25-95-20 PR 25-93-12 PR25-95-20 

HA2265B PR 25-95-20 PR 25-95-20 

HA2592A PR 25-95-20 PR 25-95-20 

HA2661B PR25-95-20 PR 25-95-20 

-' 
l,,1 
CJ\ 



Table 4-5 (continued). Compilation of performed investigations in percussion boreholes in the Aspo tunnel. 

Borehole Geo- TV- Water Pressure Pressure Inter- Flow logging Water 
physical logging Sampling Build-up Observation* ference spinner Inject. 
Logging Tests* Tests Tests 

HA2713A PR 25-95-20 PR25-94-21 PR 25-95-20 

HA2743A PR25-95-20 PR25-95-20 

HA2743B PR25-95-20 PR 25-94-21 PR25-95-20 

HA2778B PR 25-95-20 PR 25-94-21 PR 25-95-20 

HA2780A PR25-95-20 PR25-95-20 

HA3225A 

HA3225B 

HA3235A 

HA3235B 

HA3248A 

HA3248B 

HA3256A 

HA3256B 

HA3278A 

HA3278B 

HA3289A 

HA3289B 

HA3300A 

HA3300B 

HA3327A 

HA3327B 

HA3339A 

HA3339B 

HA3348A 

__, 
w 
--.J 



Table 4-5 ( continued). Compilation of performed investigations in percussion boreholes in the Aspo tunnel. 

Borehole Geo- TV- Water Pressure Pressure Inter- Flow logging Water 
physical logging Sampling Build-up Observation* ferencc spinner Inject. 
Logging Tests* Tcsl5 Tests 

HA3348B 

HA3360B 

HC0003B PR 25-95-20 PR 25-95-20 

SM00231 PR 25-92-18A PR25-95-02 

SM0024B PR 25-95-02 

SM0032A PR25-95-02 

SM00351 PR 25-92-18A PR25-95-02 

SM00352 PR 25-92-18A PR 25-95-02 

SM00401 PR 25-92-18A PR25-95-02 

SM00451 PR 25-92-ISA PR25-95-02 

SM00452 PR 25-92-lSA PR25-95-02 

SM00456 PR 25-92-18A PR25-95-02 

SM00457 PR 25-92-18A PR25-95-02 

SM00361 PR 25-92-lSA 

SM00362 PR 25-92-18A 

SM00371 PR 25-92-ISA 

SM00372 PR 25-92-18A 

SM00411 PR 25-92-lSA 

SM00412 PR 25-92-ISA 

SM00431 PR 25-92-18A 

SM00432 PR 25-92-18A 

* If no pressure-build up test has been performed estimate of flowrate after drilling is available in most cases 

......J, 

w 
OJ 
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Table 4-6. Compilation of performed investigations in probeholes in the 

Aspo tunnel. 

Borehole Probe Pressure Pressure Water 
Drill Build-up observation Sampling 

Logging Tests* 

SA0000A 
SA0011F 
SA0142A 
SA0158A PR 25-95-02 

SA0173A 
SA0188A 
SA0205A PR25-95-02 

SA0221A PR 25-95-02 

SA0237B PR25-95-02 

SA0254B 
SA0267G 
SA0267F PR 25-95-02 

SA0271B PR 25-95-02 

SA0285G 
SA0285F PR 25-95-02 

SA0289A PR 25-95-02 

SA0289B PR 25-95-02 

SA0293F PR 25-95-02 

SA03 I IA PR 25-95-02 

SA0311B PR 25-95-02 

SA0327A PR 25-95-02 

SA0327B PR 25-95-02 

SA0344A PR 25-95-02 

SA0344B 
SA036!A 
SA0361B PR 25-95-02 

SA0377A PR 25-95-02 

SA0377B 
SA0394B 
SA0427B 
SA0435A PR 25-95-02 

SA0452A PR 25-95-02 

SA0468A PR 25-95-02 

SA0627B 
SA0640B 
SA0686I 
SA0709A 
SA0709B 
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Table 4-6 ( continued). Compilation of performed investigations in 
probeholes in the Aspo tunnel. 

Borehole Probe Pressure Pressure Water 
Drill Build-up observation Sampling 

Logging Tests* 

SA0722A PR25-95-02 
SA0722B PR 25-95-02 
SA0776A 
SA0776B 
SA0792A 
SA0793B 
SA0813A PR 25-95-02 
SA0813B PR 25-95-02 
SA0831A PR 25-95-02 
SA0831B PR 25-95-02 
SA0850A 
SA0850B PR 25-95-02 
SA0867A PR 25-95-02 
SA0867B PR 25-95-02 
SA090SB 

SA0923A PR 25-95-02 
SA0923B 
SA0940B PR25-95-02 
SA0941A 
SA0954F 
SA0958A 
SA0958B PR25-95-02 
SA0976A PR 25-95-02 
SA0976B PR 25-95-02 
SA0982B PR25-95-02 
SA0991I PR 25-95-02 
SA0992A PR 25-95-02 
SA0993B PR25-93-07 
SAI00SD PR 25-95-02 
SAI009A 
SAI009B PR 25-95-02 
SA!026A 
SA1026B 
SA1043A 
SA1043B 
SAI062B PR 25-95-02 
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Table '~-6 ( continued). CompHatfon of performed investigations in 

probeho!es in the tunneL 

-· ·--· ·---- F• ~~~-• --~·--· 

Borehole Probe Pressure Pressure Water 
Drm Build-up observation Sampling 

Logging Tests* 

SAI077A PR 25-95-02 

SA1077B PR 25-93-07 

SA1086F PR 25-93-07 

SA1094A PR 25-95-02 

SA1094B PR 25-93-07 

SAi 11 lA PR 25-93-07 

SAl 11 lB PR 25-95-02 

SAi 128A 
SAl 128B PR 25-93-07 

SAJ 145A 
SAi 145B PR 25-95-02 

SAi 150F 
SA1163A 
SAl 163B PR 25-95-02 

SAi 179A 
SAi 179B 
SAi 183F PR 25-95-02 

SA! 195A PR 25-93-07 

SAi 195B PR 25-95-02 

SAi 199F PR 25-95-02 

SA1210A PR 25-95-02 

SA1210B PR 25-93-07 

SA1229A PR 25-95-02 

SA1229B PR 25-93-07 

SA1233F 
SAl247A PR 25-93-07 

SA1247B PR 25-93-07 

SA1260F 
SAl263A 
SA1263B 
SA1298F PR25-95-02 

SA1327B PR 25-95-02 

SAl328A 
SA1342A 
SA1342B PR 25-95-02 

SAl360B 
SAl377F PR 25-93-07 

SAl420A PR 25-95-02 

SA1420B 
SA1464A 
SA1464B 
SAl477F 
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Table 4-6 ( continued). Compilation of performed investigations in 
probeholes in the Aspo tunnel. 

Borehole Probe Pressure Pressure Water 
Drill Build-up observation Sampling 

Logging Tests* 

SA1481A 
SA1481B 
SA1498A 
SA1498B 
SA1514A 
SA1514B 
SA1532A 
SA1532B 
SA1549A 
SA1549B 
SA1564A 
SA1564B PR 25-93-12 
SA1581A PR25-93-12 

SA1581B 
SA1597A 
SA1597B 
SA1614A 
SA1614B PR 25-95-02 

SA1629A 
SA1629B 
SA1643A 
SA1643B PR 25-93-12 

SA1664A 
SA1664B 
SA1680A 
SA1680B PR25-94-06 PR25-95-02 
SA1693F PR 25-95-02 

SA1696A 
SAI696B PR 25-95-02 
SA1713A PR25-95-02 

SA1713B PR 25-94-06 
SA1726A PR 25-95-02 

SA1730A PR25-95-02 
SA1731B PR 25-94-06 
SA1742A PR 25-95-02 

SA1746A 
SA1746B 
SA1759A 
SA1759B 
SA1777A 
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Table 4-6 (continued). Compilation of performed investigations in 

probeholes in the Aspo tunnel. 

Borehole Probe Pressure Pressure Water 
Drill Build-up observation Sampling 

Logging Tests* 

SAI 777B 
SA1794A 
SA1794B 
SA1815A 
SAJ 815B 
SA1828A 
SA1828B PR 25-95-02 

SAI 844A 
SA1844B PR25-95-02 

SA1861A PR 25-95-02 

SA1861B PR25-94-06 

SA1877A 
SAJ 877B 
SA1893A 
SA1893B 
SA1909A 
SA1909B 
SA1920A 
SA1920B 
SA1938A 
SA1938B 
SA1959A 
SA1959B 
SA1975A 
SA1975B 
SA1997A PR 25-95-02 

SA1997B PR 25-94-06 

SA2009A 
SA2009B 
SA2025A PR 25-94-06 PR 25-95-02 

SA2025B PR25-94-06 

SA2043B 
SA2058A 
SA2058B 
SA2074A PR 25-94-06 PR 25-95-02 

SA2074B PR 25-94-06 PR 25-95-02 

SA2090A 

SA2090B 
SA2109A 
SA2109B PR 25-95-02 

SA2130B 
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Table 4-6 ( continued). Compilation of performed investigations in 
probeholes in the Aspo tunneL 

-

Borehole Probe Pressure Pressure Water 
Drill Build-up observation Sampling 

Logging Tests* 

SA2142A PR25-95-02 
SA2142B PR25-95-02 
SA2159B 
SA2160A 
SA2175A 
SA2175B PR 25-95-02 
SA2192A 
SA2192B PR25-95-02 
SA2207A 
SA2207B 
SA2222A 
SA2222B PR 25-93-12 
SA2240A 
SA2240B PR25-95-02 
SA2256A 
SA2256B 
SA2273A PR 25-95-02 
SA2273B PR 25-95-02 
SA2289A 
SA2289B PR 25-95-02 
SA2306A 
SA2306B 
SA2322A PR 25-95-02 
SA2322B 
SA2338A 
SA2338B 
SA2355B PR 25-95-02 
SA2356A 
SA2373A 
SA2373B 
SA2386A 
SA2386B 
SA2401A 
SA2403B 
SA2420A 
SA2420B 
SA2436A 
SA2436B 
SA2453A 
SA2453B 
SA2473A 
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Table 4-6 (continued. Compil8tfon of performed investigations in 

probeholes in the Aspo tunnel. 

Borehole Probe Pressure Pressure Water 

Drill Build-up observation Sampling 

Logging Tests* 

·-
SA2473B 

SA2486A 

SA2486B 

SA2503A 

SA2503B 

SA2517B 

SA2518A 

SA2532A 

SA2532B 

SA2550A 

SA2550B 

SA2565A 

SA2565B PR 25-94-21 

SA2583A PR 25-95-02 

SA2583B 

SA2600A PR 25-95-02 

SA2600B PR 25-95-02 

SA2617A 

SA2617B 

SA2634A 

SA2634B PR 25-95-02 

SA2649A PR 25-95-02 

SA2649B PR 25-94-21 

SA2663B PR 25-95-02 

SA2664A PR 25-95-02 

SA2681A PR 25-95-02 

SA2681B PR 25-95-02 

SA2703A PR 25-95-02 

SA2703B 

SA2718A PR 25-95-02 

SA2718B 

SA2734A PR 25-94-21 

SA2734B PR 25-95-02 

SA2751A PR 25-94-21 

SA2751B 

SA2768A PR 25-95-02 

SA2768B PR 25-95-02 

SA2783A PR 25-95-02 

SA2783B 

SA2801A 

SA2801B 

SA2818A 
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Table 4-6 ( continued). Compilation of performed investigations in 
probeholes in the Aspo tunnel. 

Borehole Probe Pressure Pressure Water 
Drill Build-up observation* Sampling 

Logging Tests* 

SA2818B 
SA2834A 
SA2834B PR 25-95-02 
SA2850A 
SA2850B 
SA2865A 
SA2865B 
SA2880A 
SA2897A PR 25-95-28 
SA2912A PR25-95-28 
SA2929A 
SA2946A 
SA2957A 
SA2978A 
SA2995A 
SA3011A 
SA3027A 
SA3045A PR 25-95-28 
SA3057A 
SA3075A 
SA3094A 
SA3108A PR 25-95-28 
SA3436B 
SA3445A 
SA3448F 
SA3454A 
SA3508F 
SA3509F 
SA3526F 
SA3546F 
SA3547F 
SA3561F 
SA3562F 
SA3572F 
SA3583F 
SA3584F 

If no pressure-build up test has been performed estimate of flowrate after 
drilling is available in most cases. 



Table 4-7. Compilation of performed investigations in boreholes in the Aspo tunnel for the SELECT programme. 

Borehole Core Micro- TV-logg. Borehole Water Pressure Inter- Spinner UCM 
logging biology Radar Sample Build-up ference Meas. 

Tests* Tests 
KA2858A 
KA2862A 
KA3005A PR 25-94-24 
KA3010A PR 25-94-24 
KA3067A PR 25-94-24 
KA3105A PR 25-94-24 
KA3110A 
KA3385A PR 25-94-24 
KA3068A 

......; 

,J:::,. 
---J 



Table 4-8. Compilation of performed investigations in cored boreholes in the Aspo turnruel induded in the Zedex experiment. 

Borehole Core Acoustic Accelera- Seismks TV-logg. Borehole Multiple Water Sam- Permea-
logging Emission tfon Radar Point Bore- pie MHty 

lh.ole Exten- I 
' sfomenter ! 

I 
KXZAl I 
KXZA2 
KXZA3 
KXZA4 
KXZAS 
KXZA6 
KXZA7 
KA3068A Stt'ess mesur 
KXZBI 

-l. KXZB2 ..,. 
0) 

KXZB3 
KXZB4 
KXZBS 
KXZB6 
KXZB7 

' KXZBS j 
ii KXZCl 

KXZC2 
KXZC3 
KXZC4 
KXZCS 

I 

KXZC6 
KXZC7 
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4.5 DOCUMENTATION OF TUNNEL DATA 

Documentation of tunnel and shafts was performed according Lo "Manual for 
field work in the tunnel'', PR 25-91-10, by the Characterization Team at the 
Site Office. 

The continuous mapping of the tunnel was carried out in direct connection with 
each ne\1-1 round excavated. 

Overview of geological mapping, data on gcohydrology, groundwater 
chemistry and bedrock stability and reinforcement/grouting is presented on data 
sheets of 150 m long sections of the tunnel. Examples are given in Figures 4-
./4 to 4-16 

A complete collection of aJJ data sheets including tunnel and shaft 
documentation is presented in the following progress reports. 

PR 25-92-02 
PR 25-93-05, -06, -07 and -08 
PR 25-93-10, -11, -12 and-13 
PR 25-94-19, -20, -21 and-22 
PR 25-95-28 

(0~700 m) 
(700-1475 m) 
(1475-2265 m) 
(2265-2_874 m) 
(2874-3600 m and shafts) 

An overview of the documentation of the tunnel, niches and coreholes was aJso 
made in PR HRL 96-19. Pm1s of the documentation which is presented in PR 
HRL 96-19 was presented in the previous reports but some minor corrections 
have been made. 
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