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Abstract

In April/May 2004 a total of 85 hydraulic fracturing/hydraulic tests on pre-existing
fractures were conducted in 4 boreholes, KFMO01A, KFM01B, KFM02A and KFM04A, to
a depth of almost 1,000 m at the Forsmark test site. The results of these in-situ tests are
presented in the MeSy Final Report No 28.04A (SKB P-04-311). During in-situ testing
approximately 12 m of core material of the drillholes were selected for laboratory testing
at MeSy Bochum. The core material consisted of 36 core pieces of approximately 34 cm
length and 50 mm diameter each. The laboratory test program consisted of rock density
determination (buoyancy method in water, geometric density method on dry samples),
ultrasonic tests to measure ultrasonic P- and S-velocities and to derive dynamic elasticity
parameters (Young’s modulus E, Poisson’s ratio v), fracture toughness tests by the 3-point
bending method on Chevron-notched samples to determine the fracture toughness K¢

for fracture mechanics analysis of hydrofrac tests, and of hydrofrac tests on samples with
axial injection holes, subjected to confining pressures to simulate in-situ stress conditions.
Density and ultrasonic tests primarily served for rock characterization (homogeneity,
isotropy), fracture toughness and the hydrofrac tests on cores were used to characterize
the effect of the rock microfractures on hydraulic fracturing in-situ tests, and to conduct
fracture mechanics hydrofrac simulation calculations as a quality control of the in-situ
hydraulic fracturing records.

This report describes the testing methods used (Chapter 3), the core material selected and
the test sample preparation (Chapter 4), and the test results obtained (Chapter 5). Finally,
we present the fracture mechanics analysis with the physical interpretation of hydraulic
fracturing tensile strength and hydrofrac simulation plots for comparison with in-situ
observed hydrofrac records.

A total of 12 hydrofrac simulation calculations were conducted for 12 test sections in

the 4 boreholes, using the experimental parameters of the in-situ tests (borehole radius,
test depth, injection rate, system stiffness), stress and permeability data derived from the
in-situ tests, and rock physical properties determined during laboratory testing. Uncertain
input variables like initial microcrack size, fracture width, or the fluid pressure gradient
within the activated fractures had to be varied within acceptable limits to match both the
breakdown pressure value as well as the pumping pressure during the initial fracturing
cycle of the in-situ tests. Therefore, the simulation may be regarded as a quality control
of the results of in-situ testing.



Sammanfattning

Under varen 2004 utfordes totalt 85 hydrauliska in-situ tester, dels hydraulisk
sprackning och dels hydrauliska tester av existerande sprickor (HTPF), i borrhalen
KFMOI1A, KFMO01B, KFMO02A och KFM04A. Resultaten av utforda in-situ tester
redovisas i rapport SKB P-04-311.

Utover in-situ testerna utfordes laboratorietester pa borrkédrnor. Sammanlagt togs
ca 12 meter borrkérna (36 stycken prover a 34 cm med en diameter pa 50 mm) fran
de fyra borrhédlen. Laboratorietesterna utférdes vid Mesy’s laboratorium i Bochum,
Tyskland. Denna rapport redovisar resultaten av utférda laboratorietester.

Foljande tester utfordes; densitet (vigning av provet i luft respektive under vatten),
densitet (berdkning med hansyn till provets uppmatta volym), ultraljudtester (fér métning
av hastigheten pa skjuvvag och kompressionsvag for berdkning av dynamiska véarden

pa elasticitetsmodul och Poissons tal), trepunkts bojtest (for att méta brottseghet,

KIC) samt hydraulisk sprackning i axiella hdl i borrkdrnorna for olika omgivande tryck
for att hdrigenom simulera in-situ spanningar.

Densitets- och ultraljudtesterna utférdes primart for att karaktérisera berget (homogenitet
och isotropi). Métning av brottseghet och hydrauliska sprickningar av borrkdrnorna
utfordes dels for att karaktirisera effekten av mikrosprickor vid in-situ testerna och dels
for att anvinda resultaten som indata i brottmekaniska simuleringar av hydraulisk
sprackning som en kvalitetskontroll av in-situ testerna.

Denna rapport ér indelad i foljande kapitel och innehall; kapitel 3 (beskrivning av
laboratorietesterna), kapitel 4 (beskrivning av borrkdrnornas egenskaper och deras
beredning fore laboratorietesterna), kapitel 5 (resultaten fran laboratorietesterna) samt
kapitel 6 (jamforelse mellan sprickmekaniska analyser och in-situ tester).

Brottmekaniska simuleringar av spriackningar inom tolv av de aktuella borrhalssektionerna
har utforts. Indata till simuleringarna har utgjorts av: primérdata fran in-situ testerna
(borrhélsradie, testdjup, injektionsflode och systemets styvhet), analysresultat fran in-situ
testerna (bergsspanningar och permeabilitet) samt bergparametrar fran laboratorietesterna.

Vissa erforderliga, men ej méitbara, indata till den brottmekaniska analysen, sdsom storleken
pa mikrosprickor, sprickvidd och tryckgradienten i sprickan, har varierats inom rimliga
granser for att erhalla en god passning mellan simulerade och uppmdtta spriack- och
injektionstryck.

De brottmekaniska simuleringarna anses vara en kvalitetskontroll av de genomforda
in-situ testerna.
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1 Introduction

This document reports results gained by hydrofrac related laboratory tests on the core
material of the boreholes KFM01A+B, KFM02A and KFMO04A which were drilled within
the site investigation program at Forsmark. The work was carried out in accordance with
the activity plan AP-PF 400-04-023. In Table 1-1 controlling documents for performing
this activity are listed. Both activity plan and method descriptions are SKB’s internal
controlling documents.

Table 1-1. Controlling documents for performance of the activity.

Activity plan Number Version

AP PF 400 04 023 1.0

Method descriptions  Number Version
SKB MD 600.004e 1.0 (relevant only for the in-situ tests)
SKB MD 620.010e 1.0 (relevant only for the in-situ tests)
SKB MD 182.003e 1.0 (relevant only for the in-situ tests)

» The laboratory tests on the core material of the 4 boreholes were conducted to contribute
to the interpretation of the in-situ results of the hydraulic fracturing and hydraulic
injection tests in the 4 boreholes at Forsmark carried out during 27.04 to 21.05.2004.
The test program consisted of detailed density measurements on both the core pieces
and on samples prepared for further testing of ultrasonic velocity measurements to
determine rock dynamic elasticity parameters, fracture toughness tests by the 3-point
loading method on Chevron-notched samples, and of hydraulic fracturing tests on
samples subjected to confining pressures up to 30 MPa. The core material was selected
by the MeSy staff in collaboration with SKB personnel during the in-situ test work, was
brought back to MeSy Bochum together with the in-situ tests equipment on 23.05.2004,
was prepared for testing during June 2004, and was tested at MeSy Bochum during
July/August 2004.

* The results of the in-situ hydraulic fracturing and hydraulic injections tests on
“pre-existing” fractures are presented in the Final MeSy Report No 28.04 A. All
4 core-drilled boreholes are located at the Forsmark investigation site. Three of the
boreholes (KFM01A/02A/04A) had a drill length of approximately 1,000 m, borehole
KFMO1B a length of approximately 500 m. All four boreholes penetrate an essentially
homogeneous granitic rock. The core pieces selected had a diameter of 50 mm.

* The laboratory tests were conducted in close agreement with existing ISRM standards
or with published references given in Table 1-2. Reference is also given to the hydrofrac
model used to apply the results of laboratory tests to in-situ hydrofrac tests.



Table 1-2. Data references.

Reference

Subactivity Standards
Ultrasonic tests ISRM No 4
Fracture toughness tests ISRM

Laboratory hydrofrac tests  —

Hydrofrac modelling -

/Rummel and van Heerden, 1978/ Int.J. Rock Mech, 15, 53-58
/Ouchterlony et al. 1988/ Int. J. Rock Mech, 25, 71-96, 1988

/Rummel, 1987/ Fracture Mech. of Rock (Atkinson editor),
Academic Press Geol. Ser, 6, 217-239

/Rummel and Hansen, 1989/ Int. J. Rock Mech, 26, 661-671




2  Objective and scope

Apparently, both overcoring stress measurements and observed core discing have
suggested the existence of anomalous high horizontal stresses for the Forsmark area.
Therefore, the Forsmark Site Investigation program has included a comprehensive
in-situ hydraulic fracturing and hydraulic test program on pre-existing fractures in 4 deep
boreholes to determine constraints on the horizontal stress regime (AP PF 400-04-023,
Section 2). In order to support the results derived from the in-situ tests, in particular
from the hydraulic fracturing tests, core material from the boreholes was selected (AP
PF 400-04-023, Section 4.2) for laboratory tests relevant to hydraulic fracturing.

The laboratory tests should provide data on the tensile strength of the rock on the
laboratory scale, on the dependence of breakdown pressure upon confining pressure
(frac coefficient), and data for numerical simulation calculation to generate hydrofrac
records for comparison with observed in-situ hydrofrac pressure records. The laboratory
tensile strength p., will be compared with the in-situ tensile strength P., = P, — P, using a
fracture mechanics scaling relation, which also allows to determine the intrinsic crack
size of both the in-situ rock and the laboratory samples. The simulation calculation by
the MeSy code FRAC requires physical property data as input, such as density, porosity,
permeability, elasticity and fracture mechanics properties.



3 Equipment and methodology

3.1 Density measurements

Density measurements were carried out by the buoyancy method in water (core pieces),
and by the buoyancy method and determination of sample volume and weight (core
samples). The experimental set-up for the buoyancy method density determination is
shown in Figure 3-1. The density is determined by the relation

m air

pP= .pﬂuid

Mgy — mﬂuid - msyst

where m,;, and my,;4 are the sample mass in air and water, my is the system buoyancy mass,
and pq,iq 1s the water density (1 g/cm?). The geometric density determination consisted

of mass, diameter and length measurements of samples with flat endplanes. The weight
measurements are conducted with electronic balances of 0.4 kg/4 kg range and 0.01/0.1 g
accuracy, type OHAUS. Diameter and length were measured with a sliding caliper. In this
case the sample density is given by the relation

mair

)

where 1 is the sample radius and h is the sample height.

Figure 3-1. Experimental set-up for density measurements by the buoyancy method.
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3.2 Ultrasonic velocities and elasticity parameter testing

The ultrasonic tests were conducted in close agreement with the ISRM standard no 4,
(1978). The ultrasonic apparatus is shown schematically in Figure 3-2 and in photo by
Figure 3-3. The transmitter signal is a 1 MHz pulse with an amplitude of 40 Volts. The
transmitter/receiver are of type Krautkramer Bls. The measurements were conducted by
axial pulse transmission on samples with flat parallel endplanes. The seismograms were
recorded on a 4-channel digital oscilloscope via the MeSy data acquisition system Seismo.

3 channel pre-amplifier 4—@

- 4 channel digital oscilloscope
data acquisition FLUKE I%M 3384 A P
trigger signal %
S
©
printer function generator n
HP-320 FLUKE PM 5138 A
power amplifier ‘ > ;
KROHN HITE DCA 10 @
position manufacturer
transmitter / receiver Krautkramer / B1s, 1 MHz
4 - channel digital oscilloscope FLUKE TYP PM 3384 A
function generator FLUKE TYP PM 5138 A
3 - channel pre-amplifier MeSy Geo-MeRsysteme
power amplifier KRHOHN HITE TYP DCA 10
data acquisition PC-486-100-8 with program SEISMO

Figure 3-2. Schematic of ultrasonic testing.

Figure 3-3. Experimental set-up for ultrasonic velocity testing.
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The onset of P- and S-wave arrivals were marked on the seismograms manually, and the
dynamic elastic parameters Young’s modulus E and Poisson’s ratio v were calculated
from the P- and S-wave velocities by the relations

E= 2vS2p (1+v)

_1.2 — (vp /vs)2

V_2 l—ivp/vsiz

The standard deviation of the velocity determination is approximately

.
P =1% for P — wave velocity

VP
Ave o ,
—==5% for S —wave velocity

vS
Position Manufacturer
Transmitter/receiver Krautkrémer/B1s, 1 MHz
4 — channel digital oscilloscope FLUKE TYP PM 3384 A
Function generator FLUKE TYP PM 5138 A
3 — channel pre-amplifier MeSy Geo-Melisysteme
Power amplifier KRHOHN HITE TYP DCA 10
Data acquisition PC-486-100-8 with program SEISMO

3.3 Fracture toughness testing

Fracture toughness K;c was measured by the three-point-bending method of cylindrical
core samples of approximately 50 mm diameter and approximately 150 mm test length,
containing a Chevron notch of approximately 8 mm depth and 1 mm width, in close
accordance with the ISRM standard, (1988). The test set-up is shown schematically in
Figure 3-4 and in photo in Figure 3-5. The Chevron notch was made by diamond sawing
with water as cooling agent. The bending load was measured with a load cell type Burster
of 5 kN range. The piston displacement was measured with a displacement transducer
type Burster of £6.35 mm range. The constant piston displacement rate was approximately
10-° m/s. The bending load was recorded with the digital data acquisition system SILVI
(0.07 s/16 bit). From the maximum bending load F,,,, and from the geometrical parameters
(sample diameter D, notch depth a,) the fracture toughness can be calculated by the
formula;

_ .2 max
KIC _Amin DI'S

min

2
A =3331.835+7.15%2 + 985 Lo
D D
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- displacement
hydraulic transducer

pump

Chevron notch

Chevron notch

do

Figure 3-4. Schematic of fracture toughness testing.
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Figure 3-5. Experimental set-up for fracture toughness testing.
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3.4 Hydrofrac testing

The hydrofrac tests were conducted on core samples of approximately 50 mm diameter
which contained a 3 mm diameter axial injection hole which was diamond core drilled
with water as cooling agent. The samples’ circumferential surface was protected against
confining pressure penetration by a spray varnish. The samples were then triaxially
loaded with a constant confining pressure (Tellus 32 oil) and a constant axial stress

within a 400 MPa pressure vessel and a 60-ton loading machine. The axial stress was
about 10% higher than the confining pressure to prevent the confining pressure medium to
enter between the sample and the axial loading piston. The axial load was measured by a
500 kN load cell type MeSy, and the confining pressure by a HBM pressure transducer of
range 200 MPa. The fracturing fluid (Tellus 32 oil, viscosity 25 cPoise) was injected into
the coaxial 3 mm diameter hole of the sample via a hydraulic pressure amplifier cylinder.
The piston movement of the cylinder piston was displacement servo-controlled by a HBM
displacement transducer of = 100 mm range. The injection system provided a constant
injection rate of approximately 1 ml/s. Axial stress o;, injection pressure p;, confining
pressure p,,, and amplifier piston displacement were recorded by the MeSy digital data
acquisition system SILVI (0.14 s/16 bit). The pressure vessel is shown in Figure 3-6, the
total set-up in the loading machine in Figure 3-7.

°
Pi

. injection line
I - -

hydraulic oil
SHELL Tellus 32

Figure 3-6. Pressure vessel for hydrofrac testing on samples with axial drillholes (Pi fluid
injection pressure, Pm fluid confining pressure, note: rubber sleeve was replaced by spray
varnish).
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Figure 3-7. Set-up for hydrofrac testing.

The experimental procedure was as follows:
* triaxial loading the sample to constant values of p,, and o,

* injection pressure increase at constant injection rate until fracturing occurred which
was observed by equilibration of p,,, p; and o,.

Tests were conducted under confining pressures up to approximately 30 MPa. The
fracturing pressure p. then is plotted versus the confining pressure p,, which in general
leads to a linear relationship

Pe=DPeot K* Pm

where p,, is the sample hydraulic tensile strength and k is the hydrofrac coefficient.

3.5 Equipment calibration

Laboratory pressure transducers, load cells, and displacement transducers were calibrated
in April 2004. The calibrations were partly documented in the MeSy Quality Plan (MeSy
Report No 22.04, test protocols C1 to C4). Additional calibration checks prior to each test
series are a routine procedure as part of MeSy’s quality management. In general, pressure
transducers are tested against load cells, displacement transducers by a special caliper
set-up (Figure 3-8). Both calibration and experimental testing were carried out by
experienced MeSy personnel.

17



Figure 3-8. Set-up for displacement transducer calibration.
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4 Execution

41 General

The testing methodology has already been described in Section 3. As mentioned, existing
ISRM standards (velocity, fracture toughness) were considered. In the case of laboratory
hydrofracturing, a long-time experience exists at RUBochum and MeSy Bochum,
documented by numerous theses and publications /e.g. Rummel, 1987/.

4.2 Preparations

» Each test series (density ultrasonic, fracture toughness, hydrofracturing) required
the preparation of the apparatus, function tests and calibrations of the test sensors
(see Section 3.5).

* Most of the preparation effort was applied to core and sample documentation and to
sample preparation by diamond sawing, diamond drilling and end plane grinding.

* For core piece documentation, data sheets were prepared for each core piece,
containing information on its origin (borehole number, depth), its dimensions (length,
diameter), on its lithology, and a photo. The data are in agreement with the data list
obtained from the SKB project manager on 26.06.04. The data sheets are given in
Appendix A. A summary of the core material is given in Table 4-1. Note that MeSy
has issued core piece numbers, the first symbols of which relate to the borehole (e.g. 1A
for a core piece of borehole KFMO1A), the third symbol to the core piece. These core
piece numbers are further used.

* Sample preparation (sawing, drilling, grinding) was documented on sample preparation
sheets poviding information of which type of preparation was carried out on which
sample, for which tests, on which date, by which operator. These data sheets remain
within the MeSy Forsmark documentation file at MeSy Bochum.

* As can be seen from Table 4-1, a total of 36 core pieces of approximately 34 cm length
was available for laboratory testing. From these core pieces a total of 143 samples were
prepared for density, ultrasonic, fracture toughness and hydrofrac testing.

» For each single test a work sheet was prepared which contains information on the
sample, the test performed, the equipment used, the operators, the test date, and the
measured data. These data sheets remain within the MeSy Forsmark documentation
file at MeSy Bochum.

19



Table 4-1. Core list with lithology.

Project: SKB Forsmark
Operator: Taringer (SKB), Weber (MeSy)
Date: 23.06.04
Borehole Depth range Mean MeSy Rock type
no from to depth core-no
m
KFMO1A  423.00 423.34 423.17 1A-1 Granite to granodiorite, metamorphic, medium-grained
KFMO1A  424.66 425.00 424.83 1A-2 Granite to granodiorite, metamorphic, medium-grained
KFMO1A  428.00 428.34 428.17 1A-3 Granite to granodiorite, metamorphic, medium-grained
KFMO1A  484.42 484.76 484.59 1A-4 Granite to granodiorite, metamorphic, medium-grained
KFMO1A  499.78 490.12 489.95 1A-5 Granite, granodiorite and tonalite, metamorphic,
fine- to medium-grained or Granite to granodiorite,
metamorphic, medium-grained
KFMO1A  504.52 504.86 504.69 1A-6 Granite, granodiorite and tonalite, metamorphic, fine-
to medium-grained
KFMO1A  687.96 688.30 688.13 1A-7 Granite to granodiorite, metamorphic, medium-grained
KFMO1A  949.83 950.17 950.00 1A-8 Granite to granodiorite, metamorphic, medium-grained
KFMO1A 97140 971.74 971.57 1A-9 Granite, granodiorite and tonalite, metamorphic, fine-
to medium-grained
KFMO1A  978.36 978.70 978.53 1A-10 Granite to granodiorite, metamorphic, medium-grained
KFM01B  420.86 421.20 421.03 1B-1 Granite to granodiorite, metamorphic, medium-grained
KFM01B 42143 421.77 421.60 1B-2 Granite to granodiorite, metamorphic, medium-grained
KFM01B  427.92 428.26 428.09 1B-3 Granite to granodiorite, metamorphic, medium-grained
KFM01B  429.80 430.14 429.97 1B-4 Granite to granodiorite, metamorphic, medium-grained
KFM01B  430.26 430.60 430.43 1B-5 Granite to granodiorite, metamorphic, medium-grained
KFM01B  454.96 455.30 455.13 1B-6 Granite to granodiorite, metamorphic, medium-grained
KFM01B  456.03 456.37 456.20 1B-7 Granite to granodiorite, metamorphic, medium-grained
KFMO02A  220.68 221.00 220.84 2A-1 Granite to granodiorite, metamorphic, medium-grained
KFMO02A 22587 226.20 226.04 2A-2 Granite to granodiorite, metamorphic, medium-grained
KFMO02A  395.88 396.20 396.04 2A-3 Granite to granodiorite, metamorphic, medium-grained
KFM02A  413.90 414.24 414.07 2A-4 Granite to granodiorite, metamorphic, medium-grained
KFMO2A  451.13 451.50 451.32 2A-5 Granite to granodiorite, metamorphic, medium-grained
KFM02A  554.22 554.56 554.39 2A-6 Granite, granodiorite and tonalite, metamorphic, fine-
to medium-grained
KFMO02A  594.21 594.55 594.38 2A-7 Granite to granodiorite, metamorphic, medium-grained
KFMO02A  602.75 603.09 602.92 2A-8 Granite, granodiorite and tonalite, metamorphic, fine-
to medium-grained
KFMO02A  699.66 700.00 699.83 2A-9 Granite to granodiorite, metamorphic, medium-grained
KFMO02A  702.64 703.00 702.82 2A-10 Granite to granodiorite, metamorphic, medium-grained
KFMO4A  192.11 192.45 192.28 4A-1 Granite to granodiorite, metamorphic, medium-grained
KFMO4A 19245 192.77 192.61 4A-2 Granite to granodiorite, metamorphic, medium-grained
KFMO4A  260.14 260.48 260.31 4A-3 Granite to granodiorite, metamorphic, medium-grained
KFMO4A  527.46 527.80 527.63 4A-4 Granite to granodiorite, metamorphic, medium-grained
KFMO4A  527.80 528.14 527.97 4A-5 Granite to granodiorite, metamorphic, medium-grained
KFMO4A  528.21 528.55 528.38 4A-6 Granite to granodiorite, metamorphic, medium-grained
KFMO4A  528.62 528.96 528.79 4A-7 Granite to granodiorite, metamorphic, medium-grained
KFMO4A  528.96 529.30 529.13 4A-8 Granite to granodiorite, metamorphic, medium-grained
KFMO4A  529.30 529.64 529.47 4A-9 Granite to granodiorite, metamorphic, medium-grained
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5 Results

5.1 Density

The densities of the 36 core pieces are listed in Table 5-1. The density values range
between 2.626 (core piece no 2A-8) and 2.684 g/cm® (core piece no 1A-6). From the
lithology known to us, no obvious relation between density and lithology of the granite
exists. The over-all mean density is (2.655 + 0.009) g/cm®. The mean values for the

4 boreholes are:

KFMO1A 2.661 £0.014 g/cm’
KFMO01B 2.652 +0.003 g/cm®
KFMO02A 2.653 £0.012 g/cm?
KFMO04A 2.655+0.003 g/cm’®

mean 2.655 4 0.009 g/cm?

Sample densities were measured on 72 samples prepared for ultrasonic and hydrofrac
testing. The values are given in Table 5.2. The sample density values range between

2.628 (sample no 2A-8A/C) and 2.692 g/cm?® (sample no 1A-6A) determined by the
buoyancy method, and between 2.609 and 2.680 g/cm? for mass and volume measurements.
The over-all mean values are 2.659 g/cm® and 2.644 g/cm’, respectively. The geometric
density values are systematically about 0.5 per cent lower than the buoyancy values, which
can be explained by the fact that the sample diameter generally is measured on the higher
side. The mean values for the 4 boreholes are:

Buoyancy Geometric
glcm? g/lcm?®

KFMO1A 2.663 +0.016 2.651+0.014
KFMO01B 2.656 + 0.007 2.637 +£0.011
KFMO02A 2.658 +0.012 2.642 +0.016
KFMO04a 2.659 + 0.004 2.645+0.010
Mean 2.659 +0.011 2.644 +0.014

By comparison of the core and sample densities we observe an almost perfect agreement.
Variations in densities must be explained by the petrographic investigations.
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Table 5-1. Core densities derived from test by the buoyancy method.

Core piece Mean depth Density p
no m g/cm?®
1A-1 423.17 2.645
1A-2 424.83 2.663
1A-3 428.17 2.664
1A-4 484.59 2.656
1A-5 489.95 2.666
1A-6 504.69 2.684
1A-7 688.13 2.658
1A-8 950.00 2.659
1A-9 971.57 2.641
1A-10 978.53 2.657
mean 2.661 +.014
1B-1 421.03 2.649
1B-2 421.60 2.649
1B-3 428.09 2.649
1B-4 429.97 2.655
1B-5 430.43 2.652
1B-6 455.13 2.656
1B-7 456.20 2.656
mean 2.652 £ .003
2A-1 220.84 2.655
2A-2 226.04 2.656
2A-3 396.04 2.656
2A-4 414.07 2.673
2A-5 451.32 2.656
2A-6 554.39 2.649
2A-7 594.38 2.653
2A-8 602.92 2.626
2A-9 699.83 2.657
2A-10 702.82 2.651
mean 2.653 £.012
4A-1 192.28 2.650
4A-2 192.61 2.655
4A-3 260.31 2.652
4A-4 527.63 2.659
4A-5 527.97 2.656
4A-6 528.38 2.657
4A-7 528.79 2.656
4A-8 529.13 2.657
4A-9 529.47 2.657
mean 2.655 £ .003
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Table 5-2. Sample densities derived from tests by the buoyancy method
and by volume and mass determination.

Sample Mean depth  Density bouyancy Density geometric
m g/lcm? glcm?®
1A-1a 423.17 2.637 2.631
1A-1c 2.635 2.632
1A-2a 424.83 2.654 2.652
1A-2¢ 2.661 2.659
1A-3a 428.17 2.664 2.657
1A-3c 2.665 2.659
1A-4a 484.59 2.662 2.655
1A-4c 2.660 2.653
1A-5a 489.95 2.663 2.656
1A-5¢ 2.679 2.668
1A-6a 504.69 2.692 2.680
1A-6¢ 2.689 2.675
1A-7a 688.13 2.665 2.651
1A-7c 2.664 2.648
1A-8a 950.00 2.692 2.644
1A-8c 2.661 2.646
1A-9a 971.57 2.647 2.633
1A-9¢ 2.647 2.628
1A-10a 978.53 2.656 2.644
1A-10c 2.668 2.657
mean 2.663 = .016 2.651+.014
1B-1a 421.03 2.650 2.605
1B-1c 2.658 2.642
1B-2a 421.60 2.653 2.638
1B-2¢ 2.656 2.644
1B-3a 428.09 2.656 2.630
1B-3¢ 2.655 2.643
1b-4a 429.97 2.648 2.638
1B-4c 2.661 2.647
1b-5a 430.43 2.644 2.622
1b-5¢ 2.666 2.640
1b-6a 455.13 2.657 2.638
1b-6¢ 2.652 2.638
1b-7a 456.20 2.665 2.648
1b-7¢ 2.666 2.645
mean 2.656 = .007 2.637 +.011
2A-1a 220.84 2.658 2.636
2A-1c 2.670 2.655
2A-2a 226.04 2.659 2.650
2A-2c 2.661 2.651
2A-3a 396.04 2.659 2.645
2A-3c 2.660 2.648
2A-4a 414.07 2.673 2.663
2A-4c 2.672 2.660
2A-5a 451.32 2.666 2.646
2A-5¢ 2.660 2.645
2A-6a 554.39 2.651 2.632
2A-6¢ 2.650 2.638
2A-7a 594.38 2.661 2.656
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Sample Mean depth  Density bouyancy Density geometric

m glcm? g/lcm?®
2A-Tc 2.663 2.646
2A-8a 602.92 2.628 2.609
2A-8c 2.630 2.609
2A-9a 699.83 2.663 2.645
2A-9c 2.662 2.612
2A-10a 702.82 2.661 2.659
2A-10c 2.651 2.637
mean 2.658 £ .012 2.642 £ .016
4A-1a 192.28 2.661 2.654
4A-1c 2.654 2.637
4A-2a 192.61 2.663 2.646
4A-2c 2.657 2.641
4A-3a 260.31 2.660 2.637
4A-3c 2.659 2.645
4A-4a 527.63 2.664 2.650
4A-4c 2.654 2.642
4A-5a 527.97 2.661 2.649
4A-5¢ 2.662 2.652
4A-6a 528.38 2.656 2.647
4A-6¢ 2.662 2.653
4A-7a 528.79 2.663 2.655
4A-7c 2.657 2.652
4A-8a 529.13 2.660 2.645
4A-8c 2.662 2.646
4A-9a 529.47 2.665 2.649
4A-9¢c 2.649 2.610
mean 2.659 £ .004 2.645 £+ .010

5.2 Ultrasonic velocities and elasticity parameters

The measured velocity data are listed in Table 5-3 together with the derived elasticity
parameters Young’s modulus and Poisson’s ratio. The measured seismograms are
given in Appendix B. The velocity measurements were conducted on core specimens
of approximately 50 mm diameter and approximately 75 mm length by axial pulse
transmission from flat sample ends. The P-wave velocities range between 5.70 km/s
and 4.96 km/s, the S-wave velocities between 3.26 km/s and 2.78 km/s, with mean
values of 5.44 km/s and 3.07 km/s for all 72 samples tested. The Young’s moduli range
between 71 and 52 GPa, with an overall mean value of 64 GPa. The mean Poisson’s
ratio is 0.27. For the 4 boreholes the situation may be summarized as:

Borehole Vp Vs E v
km/s km/s GPa

KFMO1A 541£0.2 3.0£01 62+6 0.27

KFM01B 56+0.1 3.2+£01 67 2 0.27

KFMO02a 55+0.1 3.1+01 66 +3 0.26

KFMO04a 53+0.2 3.0+0.1 60 +4 0.27

Mean 54+0.2 3.1+0.1 64+5 0.27
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Table 5-3. Ultrasonic velocities v, and v, and elastic parameters Young’s
modulus E and Poisson'’s ratio.

Sample no Vp Vs Egyn Vayn
km/s km/s GPa

1A-1A 5.58 3.17 67 0.26
1A-1C 5.45 3.11 67 0.26
1A-2A 5.62 3.17 67 0.27
1A-2C 5.61 3.16 67 0.27
1A-3A 5.52 3.14 66 0.26
1A-3C 5.50 3.07 69 0.27
1A-4A 5.58 3.18 68 0.26
1A-4C 5.53 3.05 64 0.28
1A-5A 5.23 2.98 59 0.26
1A-5C 5.20 2.89 57 0.28
1A-6A 5.62 3.18 69 0.27
1A-6C 5.61 3.11 66 0.28
1A-7TA 5.36 3.03 62 0.27
1A-7C 5.46 3.05 63 0.27
1A-8A 5.03 2.83 55 0.27
1A-8C 4.96 2.78 52 0.27
1A-9A 5.12 2.86 55 0.27
1A-9C 5.12 2.91 57 0.26
1A-10A 5.32 3.01 61 0.26
1A-10C 5.16 2.84 55 0.28
mean 5.38 £ .22 3.03+.13 62+6 0.27 + .01
1B-1A 5.76 3.24 71 0.27
1B-1C 5.63 3.20 69 0.26
1B-2A 5.62 3.15 67 0.27
1B-2C 5.67 3.23 70 0.26
1B-3A 5.65 3.17 68 0.27
1B-3C 5.63 3.18 68 0.26
1B-4A 5.44 3.09 64 0.26
1B-4C 5.48 3.06 63 0.27
1B-5A 5.50 3.12 65 0.26
1B-5C 5.52 3.11 65 0.27
1B-6A 5.65 3.25 70 0.25
1B-6C 5.59 3.19 68 0.26
1B-7A 5.53 3.12 66 0.27
1B-7C 5.57 3.08 65 0.28
mean 5.59 £ .09 3.16 £ .06 67 £ 2 0.27 + .01
2A-1A 5.43 3.04 62 0.27
2A-1C 5.43 3.02 62 0.28
2A-2A 5.48 3.10 65 0.26
2A-2C 5.52 3.14 66 0.26
2A-3A 5.47 3.14 66 0.25
2A-3C 5.46 3.08 64 0.27
2A-4A 5.43 3.06 64 0.27
2A-4C 5.53 3.15 67 0.26
2A-5A 5.53 3.21 69 0.25
2A-5C 5.55 3.22 69 0.25
2A-6A 5.60 3.26 70 0.24
2A-6C 5.54 3.10 65 0.27
2A-TA 5.34 3.00 61 0.27
2A-7C 5.27 3.00 60 0.26
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Sample no A Vs Egyn Vdyn

km/s km/s GPa

2A-8A 5.64 3.15 67 0.27
2A-8C 5.59 3.15 66 0.27
2A-9A 5.53 3.16 67 0.26
2A-9C 5.70 3.17 68 0.28
2A-10A 5.60 3.19 68 0.26
2A-10C 5.57 3.12 66 0.27
mean 551+ .10 3.12+ .07 66+3 0.26 £ .01
4A-1A 5.57 3.20 68 0.25
4A-1C 5.55 3.04 63 0.29
4A-2A 5.55 3.07 64 0.28
4A-2C 5.61 3.10 65 0.28
4A-3A 5.27 2.99 60 0.26
4A-3C 5.39 3.02 62 0.27
4A-4A 5.17 2.93 58 0.26
4A-4C 5.28 2.97 59 0.27
4A-5A 5.09 2.89 56 0.26
4A-5C 5.02 2.83 54 0.27
4A-6A 5.16 2.94 58 0.26
4A-6C 5.16 2.87 56 0.28
4A-TA 5.19 2.94 58 0.26
4A-7C 5.10 2.87 56 0.27
4A-8A 5.31 3.06 62 0.25
4A-8C 5.24 2.93 58 0.27
4A-9A 5.13 2.88 56 0.27
4A-9C 5.55 3.18 67 0.26
mean 5.30 £ .19 298+ .11 60 +4 0.27 £ .01
overallmean 5.44 + .19 3.07 £ .12 64+5 0.27 £ 0.01

5.3 Fracture toughness K¢

A total of 71 fracture toughness tests could successfully be carried out. The test plots are
given in Appendix C together with photos of the fracture plane. The K;c-data are listed
in Table 5-4. The fracture toughness data range between 0.71 and 2.76 MPa/m'? with an
overall mean value of 2.04 MPa/m'?. For the 4 boreholes the mean values are

Borehole Kic
MPa/m'?2
KFMO1A 1.92+0.34
KFMO01B 212+0.24
KFMO02A 219+0.12
KFMO4A 1.97 £ 0.26
Overall mean 2.04 £0.27

Such values are typical for competent granites /Atkinson and Meredith, 1987/. They
compare with values measured for the Stripa or the Bohus granites /e.g. Ouchterlony
and Sun, 1983/, the Finnsjon granodiorite /Olofsson, 1978/, or the US Westerly granite
/Ingraffea et al. 1984/. The standard deviation of approximately 0.3 MPa/m'? is almost
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negligible, and the low value of 0.7 MPa/m'? is singular and may be neglected. The
difference in the mean values for the 4 boreholes may also be neglected since the
differences are small. Any further consideration of singular data requires a detailed
petrographic rock analysis and a detailed analysis of the fracture surfaces. It may be
noted that the mean values of K¢ correlate with the mean values of Young’s moduli
for the 4 boreholes, which may be an indication for microcrack density in the rock,
although the singular sample data do not obviously support this hypothesis.

Table 5-4. Fracture toughness K, D sample diameter, a, Chevron notch depth,
Fmax maximum bending force.

Sample no D a, Frnax Kic
mm mm kN MPa/m'?2
1A-1AB 50.6 7.6 2.40 2.20
1A-1BC 50.6 6.7 2.66 2.30
1A-2AB 50.5 7.2 2.23 2.00
1A-2BC 50.6 7.0 2.55 2.25
1A-3AB 50.7 71 2.53 2.24
1A-3BC 50.7 6.7 2.26 1.95
1A-4AB 50.6 6.9 2.20 1.93
1A-4BC 50.6 71 2.21 1.96
1A-5AB 50.8 71 2.23 1.96
1A-5BC 50.9 7.3 0.80 0.71
1A-6AB 50.8 7.1 2.35 2.07
1A-6BC 50.7 7.2 2.42 2.15
1A-7AB 51.0 7.3 1.94 1.72
1A-7BC 51.0 7.3 2.35 2.08
1A-8AB 50.8 7.2 1.95 1.73
1A-8BC 50.9 7.3 1.94 1.72
1A-9AB 50.8 6.7 215 1.84
1A-9BC 50.8 7.0 2.07 1.81
1A-10AB 50.7 6.9 212 1.85
1A-10BC 50.8 7.4 2.15 1.93
mean 1.92+0.34
1B-1AB 50.7 7.0 2.46 2.16
1B-1BC 50.7 7.4 2.49 2.24
1B-2AB 50.7 7.4 2.54 2.29
1B-2BC 50.7 7.4 2.23 2.01
1B-3AB 50.8 7.3 2.64 2.35
1B-3BC 50.8 7.0 2.24 1.96
1B-4AB 50.8 6.8 212 1.83
1B-4BC 50.8 6.8 2.22 1.92
1B-5AB 50.8 7.5 3.06 2.76
1B-5BC 50.8 6.9 2.21 1.92
1B-6AB 50.8 6.5 2.48 2.10
1B-6BC 50.8 7.0 2.30 2.01
1B-7AB 50.7 7.3 2.24 2.01
1B-7BC 50.7 7.4 2.37 2.14
mean 212+ .24
2A-1AB 50.9 7.3 2.39 212
2A-1BC 50.9 7.5 2.60 2.34
2A-2AB 50.9 7.2 2.70 2.38
2A-2BC 50.9 7.6 2.53 2.29
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Sample no D a, F max Kic

mm mm kN MPa/m'?
2A-3AB 50.8 6.8 2.48 2.14
2A-3BC 50.7 7.3 2.43 2.18
2A-4AB 50.8 7.2 2.55 2.26
2A-4BC 50.8 71 2.19 1.93
2A-5AB 50.7 7.2 2.60 2.31
2A-5BC 50.7 7.0 2.34 2.05
2A-6AB 50.6 7.4 2.59 2.34
2A-6BC 50.8 6.5 - -
2A-7AB 50.9 7.0 2.50 2.18
2A-7BC 50.8 6.9 2.40 2.09
2A-8AB 51.0 6.7 2.53 2.15
2A-8BC 51.0 7.3 2.59 2.29
2A-9AB 50.8 7.0 2.53 2.21
2A-9BC 50.8 7.0 2.47 2.16
2A-10AB 50.8 6.8 2.46 2.12
2A-10BC 50.8 7.0 2.41 2.1
mean 219+ 12
4A-1AB 50.8 6.7 2.62 2.25
4A-1BC 50.8 6.6 2.61 2.22
4A-2AB 50.8 6.9 2.73 2.37
4A-2BC 50.7 7.0 2.64 2.32
4A-3AB 50.7 6.7 2.55 2.24
4A-3BC 50.7 0 2.68 1.43
4A-4AB 50.7 6.6 2.10 1.80
4A-4BC 50.6 7.2 2.14 1.91
4A-5AB 50.6 7.2 2.24 2.00
4A-5BC 50.6 7.0 1.99 1.75
4A-6AB 50.6 7.2 2.30 2.05
4A-6BC 50.7 7.4 2.10 1.89
4A-7AB 50.6 7.2 2.41 2.15
4A-7BC 50.7 7.0 2.19 1.92
4A-8AB 50.7 7.0 212 1.86
4A-8BC 50.7 6.7 1.81 1.56
4A-9AB 50.7 6.9 2.14 1.87
4A-9BC 50.8 7.0 2.07 1.81
mean 1.97+ .26
Overall mean 2.04 £0.27

5.4 Laboratory hydrofrac results

Laboratory hydrofrac tests were conducted on a total of 71 samples under confining
pressures up to 30 MPa. The test plots are given in Appendix D. The data are listed in
Table 5-5 and are graphically presented in Figures 5-1 to 5-4 separately for the 4 boreholes
in the form of plots of fracture initiation pressure (maximum injection pressure) p. versus
confining pressure p,,. The p.-value for p,, = 0 is the hydraulic tensile strength p.,, the
slope yields the frac coefficient k. For the 4 boreholes and for the total test series we
obtain the following mean values:
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Borehole Pcos MPa k

KFMO1A 271 +£3.1 1.39+.15
KFM01B 247 +8.2 1.60 + .46
KFMO02A 23.0+x29 1.61+.15
KFMO04A 30.2+3.6 1.46 £ 17
Mean 25921 1.53£.11

In most of the tests axial fractures were initiated. Induced inclined fractures are steeply
inclined and do not alter the general result of a linear relationship between p, and p,,. For
some reasons the tests on samples from borehole KFMO01B show a higher scatter. The over-
all mean tensile rock sample strength is approximately 26 MPa, whereas the overall mean
frac coefficient k is approximately 1.5 (Figure 5-5).

Table 5-5. Fracture initiation pressure p., and applied axial stress o, and confining
pressure pp.

Injection rate, ml s'  :1
Sample o4 Pm [ Frac Remark
no MPa MPa MPa

1A-1A 20.82 18.21 52.01 axial

1A-1C 21.29 14.14 46.25 dto.

1A-2A 23.88 10.02 4413 dto.

1A-2C 13.18 3.96 34.11 dto.

1A-3A 37.20 29.98 62.28 dto.

1A-3C 30.44 25.54 63.95 axial, inclined

1A-4A 34.59 22.58 56.46 axial

1A-4C 25.18 11.50 39.87 inclined

1A-5A 28.37 22.23 50.51 axial, inclined see photo
1A-5C 35.71 24.68 66.34 axial, inclined see photo

1A-6A 29.39 23.89 62.71 dto. see photo
1A-6C 31.06 26.82 68.32 dto. see photo
1A-7TA 37.64 28.82 57.24 axial

1A-7C 14.55 8.28 32.12 dto.

1A-8A 24.28 20.80 62.61 dto.
1A-8C 30.94 21.63 64.36 dto.
1A-9A 24.06 17.94 57.73 dto.
1A-9C 16.11 12.49 42.08 dto.
1A-10A  18.82 16.45 69.07 dto.
1A-10C  19.23 15.97 49.35 dto.

1B-1A 31.41 29.75 42.88 axial not used for linear regression
1B-1C 11.49 7.55 24.22 axial + inclined  see photo

1B-2A 13.86 10.21 50.93 axial

1B-2C 29.85 23.41 56.39 inclined

1B-3A 13.85 8.37 28.03 axial

1B-3C 36.26 28.18 59.40 dto.

1B-4A 22.43 16.12 40.84 dto.

1B-4C 40.89 29.96 132.42 dto. not used for linear regression
1B-5A 32.41 25.42 81.55 axial, inclined see photo
1B-5C 10.97 5.62 51.54 axial

1B-6A 55.52 25.02 72.63 axial, inclined see photo

1B-6C 15.36 12.24 42.06 axial

1B-7A 22.33 16.92 50.81 dto.

1B-7C 21.70 20.16 30.74 inclined not used for linear regression
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Injection rate, ml s~

1

Sample o, Pm Pe Frac Remark
no MPa MPa MPa

2A-1A 22.85 20.07 53.67 axial

2A-1C 15.46 10.04 43.36 dto.

2A-2B 34.87 30.51 44.98 dto. not used for linear regression
2A-2C 29.70 25.01 61.56 dto.

2A-3A 45.00 17.74 44.99 dto.

2A-3C 23.11 17.38 50.34 dto.

2A-4A 49.49 29.52 79.64 dto.

2A-4C 28.76 22.49 58.15 axial, inclined see photo
2A-5A 12.08 7.64 39.20 axial

2A-5C 11.37 5.60 29.34 dto.

2A-6A 19.25 6.42 35.62 dto.

2A-6C 36.22 28.67 77.43 dto.

2A-7TA 40.23 29.39 60.80 axial, inclined see photo
2A-7C 23.05 15.38 47.14 axial

2A-8A 23.41 18.78 53.29 dto.

2A-8C 38.59 27.33 64.95 dto.

2A-9A 20.55 12.42 40.98 dto.

2A-9C 19.07 13.71 44.34 dto.

2A-10A 31.94 29.84 54.40 dto. not used for linear regression
4A-1A 22.91 19.80 57.57 axial

4A-1C 48.80 24.19 68.36 axial, inclined see photo
4A-2A 26.95 22.19 63.64 axial

4A-2C 25.66 17.87 57.07 dto.

4A-3A 34.83 25.95 69.55 dto.

4A-3C 21.50 16.02 57.41 dto.

4A-4A 61.09 28.30 72.71 axial, inclined see photo
4A-4C 27.40 14.66 66.69 axial

4A-5A 29.11 12.06 43.05 dto.

4A-5C 18.35 9.80 43.68 dto.

4A-6A 61.09 28.30 72.71 axial, inclined see photo
4A-6C 34.46 29.84 73.02 axial

4A-TA 14.34 8.43 35.31 dto. not used for linear regression
4A-7C 16.79 6.85 36.41 dto.

4A-8A 23.45 20.09 51.21 axial, inclined see photo
4A-8C 35.98 32.81 75.26 axial

4A-9A 23.75 20.56 59.33 dto.

4A-9C 16.20 13.45 49.64 axial, inclined see photo

*): see photo in Appendix D
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Figure 5-5. Fracture initiation pressure p. versus confining pressure p,, for samples from
boreholes KFMO01A4, KFMO01B, KFM02A and KFM04A (open circles: not used for linear
regression for p. — relation).
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6 Summary and discussions

6.1 Discussion of laboratory rock sample data

For an overview the mean data of the measured laboratory rock properties are summarized
(without standard deviations):

Borehole no 1A 1B 2A 4A Mean

Peore g/CM?® 2.661 2.652 2.653 2.665 2.655+0.009
Psample 3/CM?3 2.663 2.656 2.658 2.659 2.659+0.011
Vv, km/s 5.38 5.59 5.51 5.30 5.410.2

Vs, km/s 3.03 3.16 3.12 2.98 3.1£0.2

Kic, MPa/m'? 1.92 212 219 1.97 2.04+0.27
Peo, MPa 271 247 23.0 30.2 25.9+2.1

k 1.39 1.60 1.61 1.46 1.53+.11

E, GPa 62 67 66 60 6415

v 0.27 0.27 0.26 0.27 0.27

The variation in density, Young’s modulus and fracture toughness are shown in Figure 6-1.
The frequency distributions are displayed in Figure 6-2. Cross plots between K;c and
Young’s moduli E and between densities and Young’s moduli are given in Figure 6-3.

As mentioned in Section 5.3, there exists a vague relation between K,c and E, while the

E vs. p plot shows random scatter. As a conclusion, the rock may be characterized as rather
homogeneous with respect to p, E and Kic.

As mentioned in Section 5.4 axial fractures were induced in most cases, an expression
that weakness planes in the rock samples do not play an important role. As shown in
Figure 5-5 the hydrofrac data demonstrate a clear linear relationship between p. and the
confining pressure p,, with only small scatter and independent on the rock from the
different boreholes. Therefore, it is justified to accept the mean values for the tensile
strength, p.., and for the frac coefficient k as representative for the rock of the 4 boreholes
in the Forsmark area.
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6.2 Fracture mechanics analysis

The fracture mechanics analysis relates the fracture initiation pressure p. to the confining
pressure p,, and to the intrinsic crack length a, of the sample /Rummel, 1987/ by the
relations

KIC
=+
P e R
po S8
h,+h,
K[C

Peo =+, Wr

where f, g, h, and h, are dimensionless stress intensity functions for the effect of the
far-field stress p,, (f and g), the pressure acting within the borehole of radius r (h,), and
the pressure acting within an existing microcrack prior to its instability (h,). Thus, the
laboratory hydraulic tensile strength p., may be compared with the observed in-situ
hydraulic tensile strength P, = P. — P, by the simple relation

Peo '(ho +ha)'\/_zl)co '(Ho —i_[—[ar)'\/E

where capital letters refer to the in-situ case. The relation assumes that K¢ is not size
dependent and is valid for both the laboratory rock samples and the in-situ rock. The
dimensionless stress intensity factors are only dependent on the existing crack size in
the sample (a,) and the in-situ rock (A,). Thus, the relations allow to speculate from the
laboratory tests on both the in-situ hydraulic tensile strength P, and the characteristic
crack size of the rock samples and the in-situ rock.

Neglecting the difference in the stress intensity function values for the laboratory and the
in-situ cases, the laboratory tensile strength values p., suggest in-situ tensile strength values
P., of approximately 5.6 MPa, compared to observed strength values of approximately

9.2 MPa (see Final Report No 28.04 A). The data for the different boreholes are as follows:

Borehole Peo P.. (observed) P.. (calculated)
MPa MPa MPa

KFMO1A 27.1 £ 3.1 (20) 10.8 + 3.8 (20) 4.81t06.1

KFMO1B 247+82(11) 87+3.5(7) 3.3106.5

KFMO2A 23.0+29(17) 84+4.0(26) 4.0to5.1

KFMO4A 302+3.6(17) 62+19(3) 5.2 10 6.1

mean 259+2.1(65) 9.2+4.0(56) 56+04

(') number of tests

The result clearly demonstrates the size effect, and the comparison shows that the measured
in-situ tensile strength values of approximately 9.2 MPa may be considered as realistic for
the in-situ rock for the case of hydraulic fracturing.

41



When solving above given relations for (h, + h,) and (H, + H,), respectively, and
considering the dependence of the stress intensity functions on the crack size a, for
the laboratory scale and A, for the in-situ case, we obtain the following data using the
appropriate data for the fracture toughness Kjc:

Borehole Kic h, + h, a, H, + H, A,
MN/3/2 mm mm
KFMO1A 1.92 (20) 1.89 0.95 1.15 7.9
KFM01B 212 (14) 2.59 27 1.56 18.4
KFMO02A 2.19(19) 2.52 1.9 1.76 27.7
KFMO04A 1.97 (18) 1.74 0.7 1.86 26.9
Mean 2.04 (71) 2.07 1.1 1.22 17.2

(') number of tests

The result again is an expression of the size effect with an intrinsic crack size a, of the
laboratory samples in the mm-range, while due to the larger rock surface exposed at the
pressurization during the in-situ tests, the intrinsic crack-size A, of the rock is more than
10 times larger. The small crack size of the rock samples is also supported by the rather
high value of the frac coefficient k = 1.5. The result also suggests that the Hubbert and
Willis concept for in-situ stress evaluation is appropriate, since fluid penetration into the
rock prior to fracturing can be neglected.

6.3 Fracture mechanics hydrofrac simulation

The simulation calculations were carried out by the MeSy fracture mechanics simulation
code FRAC /e.g. Weber and Rummel, 1995; Rummel et al. 1995; Rummel and Hansen,
1989/. 1t is assumed that the vertical stress is the intermediate principal stress, the most
critical microcrack of the test interval aligned with the major horizontal stress Sy is
activated, and propagates in the direction perpendicular to the least principal stress

Si. Crack growth will occur whenever the stress intensity at the crack tip exceeds the
fracture toughness of the rock. The stress intensity is controlled by the far field stresses
Sy and Sy, the fluid pressure in the test interval, p, and the fluid pressure distribution
within the fracture, p,, which is expressed by the pressure gradient coefficient c,. The
model further assumes that the fracture height is equivalent to the length of the test interval
(0.8 m) and remains constant, the injected fluid is water with a viscosity of 1 cPoise. For
fracture toughness K¢, we take the mean values determined for each borehole, the same
for the mean elasticity parameters E and v, and for the crack length B (B =1+ A/R)
derived from the observed hydraulic mean strength P, for each borehole.

A total of 12 simulation calculations were carried out for 3 HF-tests in borehole
KFMO1A, for 3 HF-tests in borehole KFMO1B, for 4 HF-tests in borehole KFMO02A,
and for 2 HF-tests in borehole KFMO04A. Input parameters were the following:

*  MD measured depth, in m,
* TVD true vertical depth, in m,

* Dborehole radius R, 0.04 m (constant),
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* test section length L, 0.8 m (constant),

+ effective rock density p, in kg /m? (derived from S, to guarantee consistency with
in-situ report),

* rock permeability K, in pDarcy (from in-situ P-test),

* rock strength P.,, in MPa (from in-situ tests),

* fracture toughness K;c, in MN/m? (from lab tests),

* normalized initial crack length B from fracture mechanics analysis of P,,),
* fluid viscosity, cPoise (1 cP for water),

* injection rate, in m*/s (see in-situ tests),

+ system compressibility, in m*N (from in-situ test pressurization cycle),

» crack width w, in mm (simulation parameter),

» pressure loss coefficient ¢, at crack inlet (¢, = 1, i.e. no pressure loss),

» pressure gradient coefficient ¢, within a microcrack (simulation parameter),
»  Su/Sy ratio from in-situ test Report,

* S,/Sy ration (from in-situ test Report).

Further input parameters are the acceptable overpressure limit (some Pa), the acceptable
accuracy for input energy (10 Joule), the number of iteration steps, or the definition of final
crack length (end of stimulation). The used numbers for all input parameters are listed in
Table 6-1 for the 4 boreholes. The simulation results are shown in Figure 6-4 in the form

of pressure-time plots in comparison with the specific observed in-situ plot, and in the form
of crack length B versus time plots (normalized crack length B =1 + A/R, A crack length, R
borehole radius).

As can be seen from Figures 6-4a to 6-41, the frac cycle of each test can be well matched
using the in-situ experimental parameters (test interval length for fracture height, injection
rate g, system compressibility, test depth), the stress ratios derived from the in-situ tests
(MeSy Report 28.04 A), the rock permeability derived from the in-situ P-tests (MeSy
Report 28.04 A), and the fracture toughness K¢ determined during laboratory testing.

For final matching only the model parameters fracture width w, the initial microcrack
length A,, and the fluid pressure gradient coefficient ¢, had to be varied within reasonable
limits. Most attention was paid to match the magnitude of the in-situ observed breakdown
pressure, but in most cases even the pumping pressure after fracture growth initiation

is well simulated, which may be taken as an indication that those fractures propagated in
a direction perpendicular to S;. As one can see from the plots fracture length versus time,
the fractures grow to a length of approximately ten times the borehole radius during the
fracture cycle, a result which seems acceptable by assuming a constant fracture height of
0.8 m (test interval length). Thus, the simulation supports the results of the in-situ stress
evaluation and may be regarded as an independent quality control.
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Figure 6-4a. Hydrofrac simulation for test 8 at 456 m depth in borehole KFMO0IA.
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Figure 6-4b. Hydrofrac simulation for test 2 at 502 m depth in borehole KFMO0IA.
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Figure 6-4c. Hydrofrac simulation for test 10 at 975.5 m depth in borehole KFMOIA.
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Figure 6-4d. Hydrofrac simulation for test 2 at 188 m depth in borehole KFMOIB.
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Figure 6-4e. Hydrofrac simulation for test 10 at 237 m depth in borehole KFMO0IB.

49



interval pressure, MPa

— 410.5m

Frac-simulation

N
o

—_—

,,,,,
,,,,

o
-

norm. frac-length (1+A/R)
-b (0] K)\ ()

20 40 60 80
time, s

100 120

140

Figure 6-4f. Hydrofrac simulation for test 8 at 410.5 m depth in borehole KFM0IB.
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Figure 6-4g. Hydrofrac simulation for test 35 at 221 m depth in borehole KFMO02A.
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Figure 6-4h. Hydrofrac simulation for test 20 at 551.6 m depth in borehole KFMO02A.
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Figure 6-4i. Hydrofrac simulation for test 9 at 626.2 m depth in borehole KFMO2A.
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Figure 6-4j. Hydrofrac simulation for test 3 at 704.3 m depth in borehole KFMO02A.
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Figure 6-4k. Hydrofrac simulation for test 10 at 196.9 m depth in borehole KFMO4A.
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Figure 6-41. Hydrofrac simulation for test 4 at 553.9 m depth in borehole KFMO04A.
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Appendix A

Core Piece Data Sheet

client: SKB AB

project: SKB, Forsmark

operator: Seebald, Weber

date: 04.06.04

borehole: KFM 01A

core piece number: 1A-1

depth (min, max), m: 423.00-423.34

core dimensions:
length (min), mm: 342 diameter (min), mm: 50.6
length (max), mm: 342 diameter (max), mm:  50.6

core piece mass, g 1821.3

remarks and observations:

SCALE:
EEEEEEEEEEEREERN
¥ ool 15 cm 14 e M cm 2% cm
borehole no. . MeSy core-no. date min. depth max. depth
i m

KFM 01A 1A-1 03.06.04 423.00 42334
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client: SKB AB

project: SKB, Forsmark
operator: Seebald, Weber
date: 04.06.04
borehole: KFM 01A

core piece(s) number(s): 1A-2

depth (min, max), m:

424.66 - 425.00

core dimensions:

length (min), mm: 339 diameter (min), mm: 50.7
length (max), mm: 341 diameter (max), mm:  50.7
core piece mass, g 1816.8
remarks and observations:
SCALE:

| Lem

borehole no.

KFM 01A

MeSy corg-no.

1A-2

62

10cm

14 em M en % em

date min. depth max. depth
m m
(030604 | 424.66 425.00




client: SKB AB

project: SKB, Forsmark

operator: Seebald, Weber

date: 04.06.04

borehole: KFM 01A

core piece(s) number(s): 1A-3

depth (min, max), m: 428.00 - 428.34

core dimensions:
length (min), mm: 338 diameter (min), mm: 50.8
length (max), mm: 339 diameter (max), mm:  50.8

core piece mass, g 1818.6

remarks and observations:

SCALE:

5o 18 o i8em 20 em 28 e

barehale no. | MaSy core-no. date min. depth max. depth
m m

KFMOTA | A3 03.06.04 428,00 428.34
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client: SKB AB

project: SKB, Forsmark
operator: Seebald, Weber
date: 04.06.04
borehole: KFM 01A

core piece(s) number(s): 1A-4

depth (min, max), m:

484.42 - 484.76

core dimensions:
length (min), mm: 338
length (max), mm: 338

diameter (min), mm: 50.7
diameter (max), mm:  50.7

core piece mass, g 1809.9
remarks and observations:
SCALE:
F bem W:rnl- mmi_ cm 1!
.bumhnln no. | Me;sjr core-no, | dati min. depth | max depth
_____ L | m 1S i
|_KFMO1A 144 | D3.06.04 | 48442 484.76
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client: SKB AB

project: SKB, Forsmark
operator: Seebald, Weber
date: 04.06.04
borehole: KFM 01A

core piece(s) number(s): 1A-5

depth (min, max), m:

489.78 - 490.12

core dimensions:

length (min), mm: 341 diameter (min), mm: 51.0
length (max), mm: 341 diameter (max), mm:  51.0
core piece mass, g 1845.2
remarks and observations:
SCALE:
Illlll_lIIlllll
: Semm BB ooy —_— '5-"'\_ IWem 2B omi
barahale no. . MeSy core-na, data min. dapth max. depth
| | | | m [ m
KFM 014 1A-5 03.06.04 | 489.78 490.12

65




client: SKB AB

project: SKB, Forsmark
operator: Seebald, Weber
date: 04.06.04
borehole: KFM 01A

core piece(s) number(s): 1A-6

depth (min, max), m:

504.52 - 504.86

core dimensions:

length (min), mm: 337 diameter (min), mm: 50.9
length (max), mm: 337 diameter (max), mm:  50.8
core piece mass, g 1827.2
remarks and observations:
SCALE:
EEEEEEEEEEEEN
borehole no. | MeSy core-no. dats min, depth max. depth

KFMO1A |

1A-5 | 030604  504.52

504.B6
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client: SKB AB

project: SKB, Forsmark
operator: Seebald, Weber
date: 04.06.04
borehole: KFM 01A

core piece(s) number(s): 1A-7

depth (min, max), m:

687.96 - 688.30

core dimensions:

length (min), mm: 337 diameter (min), mm: 51.1
length (max), mm: 337 diameter (max), mm:  51.0
core piece mass, g 1831.3
remarks and observations:
SCALE:
|l. E N EEEEEEEER
borehole no. | MeSy core-no. | d.atﬂ_. .-mi-n-.-:d-s!.n‘tll'l . max. depth
I m m
CKFMO1A | 1A | 03.0604 687.96 £88.30
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client: SKB AB

project: SKB, Forsmark
operator: Seebald, Weber
date: 04.06.04
borehole: KFM 01A

core piece(s) number(s): 1A-8

depth (min, max), m:

949.83 - 950.17

core dimensions:
length (min), mm: 338
length (max), mm: 338

diameter (min), mm: 51.0
diameter (max), mm:  51.0

core piece mass, ¢

1828.3

remarks and observations:

SCALE:

| dem il o

borehole no.

KFMO1A |

MeSy core-no.

1hpmw Mem N om

data . min. depth max. dapth

m m
| 03.06.04 848.83 950.17




client: SKB AB

project: SKB, Forsmark
operator: Seebald, Weber
date: 04.06.04
borehole: KFM 01A

core piece(s) number(s): 1A-9

depth (min, max), m:

971.40 - 971.74

core dimensions:
length (min), mm: 340
length (max), mm: 340

diameter (min), mm: 50.9
diameter (max), mm:  50.8

core piece mass, ¢

1817.4

remarks and observations:

SCALE:

1ﬂ=m Nuu

barehale no. Haﬁy:nm-nn.i date | min. depth |

max. depth
m m

| KFMOD1A 1A-9

l03060¢| o7140 | o174




client: SKB AB

project: SKB, Forsmark

operator: Seebald, Weber

date: 04.06.04

borehole: KFM 01A

core piece(s) number(s): 1A-10

depth (min, max), m: 978.36 - 978.70

core dimensions:
length (min), mm: 341 diameter (min), mm: 50.8
length (max), mm: 342 diameter (max), mm:  50.8

core piece mass, g 1837.8

remarks and observations:

SCALE:

Scm L3+ ] 15 e M

borehole no. . MaSy core-no, date min. depth max. deplh
m i
KFM 014 1A-10 03.06.04 878.16 aTa.70
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client: SKB AB

project: SKB, Forsmark

operator: Seebald, Weber

date: 04.06.04

borehole: KFM 01B

core piece(s) number(s): 1B-1

depth (min, max), m: 420.86 - 421.20

core dimensions:
length (min), mm: 337 diameter (min), mm: 50.7
length (max), mm: 338 diameter (max), mm:  50.7

core piece mass, g 1804.4

remarks and observations:

SCALE:

Hem oem 14 emi M i ¥ e

borehole no. | MaSy care-na. date min. depth masx, depth
m m
KFMO1B | 1B8-1 03.06.04 420,86 421.20
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client: SKB AB

project: SKB, Forsmark

operator: Seebald, Weber

date: 04.06.04

borehole: KFM 01B

core piece(s) number(s): 1B-2

depth (min, max), m: 421.43-421.77

core dimensions:
length (min), mm: 340 diameter (min), mm: 50.8
length (max), mm: 340 diameter (max), mm:  50.8

core piece mass, g 1818.0

remarks and observations:

SCALE:

fem 12 Em 1% em 3 Em

% em

borehole no,  MeSy coro-no date min, depth max, depth
m m

KFM 018 18-2 . 03.06.04 421.43

‘H =
Ty = o 3.0t T

421.77
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client: SKB AB

project: SKB, Forsmark
operator: Seebald, Weber
date: 04.06.04
borehole: KFM 01B

core piece(s) number(s): 1B-3

depth (min, max), m:

427.92 - 428.26

core dimensions:
length (min), mm:
length (max), mm:

341
341

50.9
50.9

diameter (min), mm:
diameter (max), mm:

core piece mass, ¢

1834.2

remarks and observations:

N mm

barohola no.

| KkeM01B

L]

MaSy core-no.

1B-3

SCALE:

Hem Mm Wb

dato i, depih max, dapth

m m
427,82

D3.06.04 428.26
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client: SKB AB

project: SKB, Forsmark

operator: Seebald, Weber

date: 04.06.04

borehole: KFM 01A

core piece(s) number(s): 1B-4

depth (min, max), m: 429.80-430.14

core dimensions:
length (min), mm: 338 diameter (min), mm: 51.0
length (max), mm: 339 diameter (max), mm:  51.0

core piece mass, g 1820.2

remarks and observations:

SCALE:

Fom 10 & _-
HT

15 o

borehole no. | MeSy core-no. date | min. dopth max. depth

. - .— 1 v m m
| KFMO1B | 184 | 03.06.04 | 420.80 430,14
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client: SKB AB

project: SKB, Forsmark

operator: Seebald, Weber

date: 04.06.04

borehole: KFM 01B

core piece(s) number(s): 1B-5

depth (min, max), m: 430.26-430.60

core dimensions:
length (min), mm: 340 diameter (min), mm: 50.9
length (max), mm: 341 diameter (max), mm:  50.8

core piece mass, g 1826.4

remarks and observations:

SCALE:
HEEEEEEEEEEERRER
|_ §em 13 em is L_i em % cm

borghole no. hhs;.rl:ure-nu.. date min. depth max. depth
| . _ | m | m
KFMOMB |  1B5 | 03.06.04 | 430.26 430,60
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client: SKB AB

project: SKB, Forsmark
operator: Seebald, Weber
date: 04.06.04
borehole: KFM 01B

core piece(s) number(s): 1B-6

depth (min, max), m:

454.96-455.30

core dimensions:

length (min), mm: 342 diameter (min), mm: 50.8
length (max), mm: 342 diameter (max), mm:  50.8
core piece mass, g 1834.8
remarks and observations:
SCALE:
EE B EEEEEEEEER
borshole no. MeSy core-no. data min. depth max, depth
m m

KFM 018

186 | D3.06.04 45496 455,30
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client: SKB AB

project: SKB, Forsmark
operator: Seebald, Weber
date: 04.06.04
borehole: KFM 01B

core piece(s) number(s): 1B-7

depth (min, max), m:

456.03-546.37

core dimensions:
length (min), mm:
length (max), mm:

340
341

diameter (min), mm:
diameter (max), mm:

50.8
50.8

core piece mass, ¢

1823.2

remarks and observations:

sl

bm'nhu-la no.,

KFMO01B |

MﬂE]r Safe=-Mo,

1B-7

SCALE:

20 e

dale min. dapth
m

A56.03

max. dapth
m

456,37

| 03.06.04 |

7




client: SKB AB

project: SKB, Forsmark
operator: Seebald, Weber
date: 04.06.04
borehole: KFM 02A

core piece(s) number(s): 2A-1

depth (min, max), m:

220.68-221.00

core dimensions:

length (min), mm: 320 diameter (min), mm: 50.9
length (max), mm: 321 diameter (max), mm:  51.0
core piece mass, g 1732.1
remarks and observations:
SCALE:

| Sem

borehole no.

| KFMDZA

MeSy core-no.

ZA-1

78

15 &m

date min. depth

m

| 03.06.04 22068

10 e

Mem

max. dapth
m

£21.00

aom




client: SKB AB

project: SKB, Forsmark
operator: Seebald, Weber
date: 04.06.04
borehole: KFM 02A

core piece(s) number(s): 2A-2

depth (min, max), m:

225.87-226.20

core dimensions:

length (min), mm: 328 diameter (min), mm: 51.0
length (max), mm: 328 diameter (max), mm:  51.0
core piece mass, g 1775.1
remarks and observations:
SCALE:

Bom

borghole no.

KFM DZA

0 e 1fem % om 5 tm

MeSy core-no. date mim, depth

m

max. depth

03.06.04 |

ZA-2 225.87
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client: SKB AB

project: SKB, Forsmark

operator: Seebald, Weber

date: 04.06.04

borehole: KFM 02A

core piece(s) number(s): 2A-3

depth (min, max), m: 395.88 - 396.20

core dimensions:
length (min), mm: 320 diameter (min), mm: 50.8
length (max), mm: 321 diameter (max), mm:  50.8

core piece mass, g 1722.3

remarks and observations:

SCALE:

EEEEEEEEEEERES®

Lem fiem 0 1Eem

borehole no. | MeSy core-no. date min. depth miax, dopth
m m

KFM OZA 28-3 03.06.04 . 395.88 - 356.20
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client: SKB AB

project: SKB, Forsmark
operator: Seebald, Weber
date: 04.06.04
borehole: KFM 02A

core piece(s) number(s): 2A-4

depth (min, max), m:

413.90-414.24

core dimensions:
length (min), mm: 339
length (max), mm: 339

diameter (min), mm: 50.9
diameter (max), mm:  50.9

core piece mass, ¢

1839.6

remarks and observations:

SCALE:

Sem

borehole no. | MeSy core-no.

| Kemo02A |

986 am 20w 24%cm

date . mim. depth max. depth
m m
| 03.06.04 |  413.90 41424




client: SKB AB

project: SKB, Forsmark
operator: Seebald, Weber
date: 04.06.04
borehole: KFM 02A

core piece(s) number(s): 2A-5

depth (min, max), m:

451.13-451.50

core dimensions:
length (min), mm:
length (max), mm:

372
377

diameter (min), mm:
diameter (max), mm:

50.8
50.7

core piece mass, ¢

2011.1

remarks and observations:

lower end not sawed

e M om

SCALE:

borehole no. | MeSy core-no.

| Kemoza |

_2A5 030604

TRor 30 em ™ em

datn min. depih max, dapth

m | m
451.13

451.50
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client: SKB AB

project: SKB, Forsmark
operator: Seebald, Weber
date: 04.06.04
borehole: KFM 02A
core piece(s) number(s): 2A-6
depth (min, max), m: 554.22 - 554.56
core dimensions:
length (min), mm: 343 diameter (min), mm: 50.7
length (max), mm: 347 diameter (max), mm:  50.8
core piece mass, g 1840.7
remarks and observations: upper end not sawed
SCALE:

B e i

10 em 18 ecm 28 em

borehole no. | MaSy core-no, date min. depth max. dopth
m m |
KFM 024 2A-6 1013.06.04 §5422 | 554.56
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client: SKB AB

project: SKB, Forsmark
operator: Seebald, Weber
date: 04.06.04
borehole: KFM 02A

core piece(s) number(s): 2A-7

depth (min, max), m:

594.21 - 594.55

core dimensions:

length (min), mm: 338 diameter (min), mm: 51.0
length (max), mm: 339 diameter (max), mm:  51.0
core piece mass, g 1827.7
remarks and observations:
SCALE:
EEEEENENEEEEER
e inem: _ Wom __ Toem _ em
.hnrnhulu res | MeSy core-no, | date | min. depth max. dapth
— 1 | m m
| KFMD2A AT 03.06.04 | 50421 594,55
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client: SKB AB

project: SKB, Forsmark

operator: Seebald, Weber

date: 04.06.04

borehole: KFM 02A

core piece(s) number(s): 2A-8

depth (min, max), m: 602.75-603.09

core dimensions:
length (min), mm: 341 diameter (min), mm: 51.0
length (max), mm: 342 diameter (max), mm:  51.0

core piece mass, g 1826.7

remarks and observations:

SCALE:

13 em 8 em Mem W om

barshole no. | MeSy cora-no. date min. dopth miax. depth
| m m
| KFMO2A |  2A-8 | 03.06.04 60275 |  603.09
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client: SKB AB

project: SKB, Forsmark

operator: Seebald, Weber

date: 04.06.04

borehole: KFM 02A

core piece(s) number(s): 2A-9

depth (min, max), m: 699.60 - 700.00

core dimensions:
length (min), mm: 341 diameter (min), mm: 50.8
length (max), mm: 341 diameter (max), mm:  50.8

core piece mass, g 1837.6

remarks and observations:

SCALE:

| | | . . .
LT | Eam 2 cmy 28 oy
pE———— | L L .

0 zm

i
| borehole no. | MeSy core-no. date min, depth max. depth
im m

| kemoza | 2a9 | o030604| o256 | 700.00
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client: SKB AB

project: SKB, Forsmark
operator: Seebald, Weber
date: 04.06.04
borehole: KFM 02A

core piece(s) number(s): 2A-10

depth (min, max), m:

702.64-703.00

core dimensions:

length (min), mm: 359 diameter (min), mm: 50.8
length (max), mm: 360 diameter (max), mm:  50.8
core piece mass, g 1931.0

remarks and observations:

SCALE:
EEEEEEEEEEEETSR
borehola no.  MaSy core-no. date min. depth max. depih
m m
2810

KFM 02A

87
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client: SKB AB

project: SKB, Forsmark
operator: Seebald, Weber
date: 04.06.04
borehole: KFM 04A

core piece(s) number(s): 4A-1

depth (min, max), m:

192.11 - 192.45

core dimensions:

length (min), mm: 336 diameter (min), mm: 50.8
length (max), mm: 336 diameter (max), mm:  50.8
core piece mass, g 1804.6
remarks and observations:
SCALE:
EEEEEEEEEEENER
§om 10 em 18 s | Zhom 1% ==
hiorahiole n;.“ MeSy core-no. . dato . min. depth max, depth
i | — | m m
 KFMO4A | 4Aq 03.0604 | 19211 | 19245
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client: SKB AB

project: SKB, Forsmark
operator: Seebald, Weber
date: 04.06.04
borehole: KFM 04A

core piece(s) number(s): 4A-2

depth (min, max), m:

192.45 - 192.77

core dimensions:

length (min), mm: 318 diameter (min), mm: 50.8
length (max), mm: 318 diameter (max), mm:  50.8
core piece mass, g 1704.7
remarks and observations:
SCALE:
IIIIIIIIIII,III
§ iy 10 &m 18 oo M m Fry,
borehole no. _HGSy COFe=No, date | min. E(,-pu-. max. depth
= | | | m m
KFM 044 4A-2 | 03.0B.04 | 19245 19277 |
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client: SKB AB

project: SKB, Forsmark

operator: Seebald, Weber

date: 04.06.04

borehole: KFM 04A

core piece(s) number(s): 4A-3

depth (min, max), m: 260.14 - 260.48

core dimensions:
length (min), mm: 339 diameter (min), mm: 50.7
length (max), mm: 340 diameter (max), mm:  50.8

core piece mass, g 1818.8

remarks and observations:

SCALE:;
EEEEEEEEEEEEE
= Eam 1l:-|_ _151‘-1!1_ ¢ qu. 2% cm
borshole no. | MeSycore-no. | date  min.depth | max. depth
| = . m | I
| KFMOAA | 4A3 | 000004 26014 | 26048
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client: SKB AB

project: SKB, Forsmark

operator: Seebald, Weber

date: 04.06.04

borehole: KFM 04A

core piece(s) number(s): 4A-4

depth (min, max), m: 527.46 - 527.80

core dimensions:
length (min), mm: 335 diameter (min), mm: 50.7
length (max), mm: 339 diameter (max), mm:  50.7

core piece mass, g 1795.0

remarks and observations:

SCALE:
EEEEEEEEEEEESR
[ 5 om B0 o LT ] b3 em 2Mem

borehole no.  MaSy core-no. data min. depth max. depth
m m

KFMO4A | 4A4 | 03.0B.04 | 52745 527.80
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client: SKB AB

project: SKB, Forsmark
operator: Seebald, Weber
date: 04.06.04
borehole: KFM 04A

core piece(s) number(s): 4A-5

depth (min, max), m:

527.80 - 528.14

core dimensions:

length (min), mm: 342 diameter (min), mm: 50.7
length (max), mm: 342 diameter (max), mm:  50.7
core piece mass, g 1828.8
remarks and observations:
SCALE:
| E B EEEEEEEER
8z LIl 1N oy 0 cm THaom
hnrehulu_ng_- MaSy core-no, . data . min. depth max, dapth
— 1 n mn
LE_FM 04n |  4AS 030604 saTED | 24
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client: SKB AB

project: SKB, Forsmark

operator: Seebald, Weber

date: 04.06.04

borehole: KFM 04A

core piece(s) number(s): 4A-6

depth (min, max), m: 528.21-528.55

core dimensions:
length (min), mm: 340 diameter (min), mm: 50.7
length (max), mm: 340 diameter (max), mm:  50.7

core piece mass, g 1820.2

remarks and observations:

SCALE:

EEEEEEEEEEEEER

Hem 10 8 e

borghola no. . MeSy core-no. data min, depth max, dapth
| KFM DA 486 03.06.04 538,21 528.55
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client: SKB AB

project: SKB, Forsmark
operator: Seebald, Weber
date: 04.06.04
borehole: KFM 04A

core piece(s) number(s): 4A-7

depth (min, max), m:

528.62-528.96

core dimensions:

length (min), mm: 338 diameter (min), mm: 50.7
length (max), mm: 338 diameter (max), mm:  50.7
core piece mass, g 1807.1
remarks and observations:
SCALE:

-

Bom

- borehole no. | MaSy core-no. | date

iiem 16 em 3 cm PEam

| min. depth

max. depth
| | | m m
KFM O4A | 4A-7 | 03.06.04 | 52862 526.06
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client: SKB AB

project: SKB, Forsmark

operator: Seebald, Weber

date: 04.06.04

borehole: KFM 04A

core piece(s) number(s): 4A-8

depth (min, max), m: 528.96-529.30

core dimensions:
length (min), mm: 338 diameter (min), mm: 50.7
length (max), mm: 338 diameter (max), mm:  50.7

core piece mass, g 1810.8

remarks and observations:

LELEELELEERTE

borehole no. Illa;wnm.  date | nﬂnTnplh | max. dapth
| I m _l m
KFM 04A an-8 | D3.06.04 53896 520.30
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client: SKB AB

project: SKB, Forsmark

operator: Seebald, Weber

date: 04.06.04

borehole: KFM 04A

core piece(s) number(s): 4A-9

depth (min, max), m: 529.30-529.64

core dimensions:
length (min), mm: 336 diameter (min), mm: 50.8
length (max), mm: 338 diameter (max), mm:  50.8

core piece mass, g 1811.1

remarks and observations:

SCALE:

E"l E EEEN ! A EERERN

a0 em 5 em

min. depth | max. da]pth
m [ m

"borehole no. | MeSy core-no. | date

KEM 04A 4A9 | 030804 52030 |  saned4 |
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Appendix B

Seismograms of ultrasonic tests

| Seisma Version 1.30 Auswertunyg Hi 13.07.04 14:46:42
r—— — CTINSET _IA,
Probe: 1A-1A Axialmessung
Lange: 85.8 mn
Totz.: 1.5 ps
S ¢ \/\/\HVL_;W Dicht. 2.64 g/cnd
vpi 5.58 kmvs
+  0.06 km's
Vs 3.17 kn's
x 0.01 kn/s

Edyn: &7.09 GPa

—

® 'z 4 6 8 1o 12 14 e 18 o 22 24 26 28 30 92  us

Seismo Version 1.30 Ausuertung Mi 13.07.04 15:45:49
TN —IA_IT. 7

Probe: 1A-1C Axialmessung

Lange: 84.5 mn

¥ NP AN Dicht, 2.64 g/cm3
vp: 5.45 kn/s
z 0.04 kn's
vs: 3.11 kns
*  0.01 kn/s
Wiyn: 0.26
=

© 2 a6 B 10 42 14 16 18 2o 22 24 26 28 30 32 s
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Seisno Version 1.30 Auswertung Hi 13.07.04 15:48:57
SETTHONA_Tf_2H.DAT 3

T —
Probe: 1A-ZB fAxialmessung
Lange: 86.1 nm
Totz.: 1.5 ps
—_—— e — —— 37 r \/\/\/\}{_/W‘\_/‘\_, Dicht. 2.65 g/cnd
wp! 5.62 kn's
+  0.02 kns
ve! 3.17 kn/s
* 0.02 kn/s
30 [ A AR A i 0.2
Edyn: 67.4Z2 GPa
> LANANAK A
e 2 a2 & & 1o 12 1a 16 18 do_ 2z 24 26 28 S0 32 'wa
Seismo Version 1.30 Auswertung Mi 13.97.04 15:51:20
CINSETSHONA_IA_ZC . DAT |
Probe: 1A-Z2C Axialmessung

Lange: 82.6 mn

Totz.: 1.5 ps

— \/\/J\A/\}(W— Dicht. 2.66 g-/cn3

vp: 5.61 ka/s
*  0.02 km/s
vs! 3.16 km/=
+  0.04 km's

R B M B an o s o o e e e WL I e e B S Y
o é 4 -] B p ] 12 14 16 18 20 2 29 26 28 30 32 us
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Seizmo Version 1.30 Auswer tung Do 11.08.04 16:2Z5:30
CISSETSMONIA_JA.DAT 3
Probe: 1A-3A Axialmessung

Lange: 75.5 nm

Totz.: 1.5 p=
U U S _,._>\ N/\M\/\/\'ZW\ Dicht, 2.66 g/cm3

vp: 5.52 kns
*  9.02 kn's
ve! 3.14 kn's
+  0.01 kn's

Vdyn: ©0.26

N
Edyn: 66.08 GPa
© 2 a4 & 8 10 12 t1a 16 18 20 22 24 26 28 u=
Seismo Version 1.30 Auswert Do 11.08.04 16:27:58
Ly CTNSETSRONTA B¢ DAY 3
Probe: 1A-3C Axialnessung
Lange: 78.1 nm
Totz.: 1.5 p=
Dicht. 2.67 g/cm3
PN
vpi 5.50 kn/s
* 0.00 km/s
vl 3.07 km's
* 0.02 kn/s

N
§
5

Pe
b4
s |
L=
iy
=
@
1§
=
"
>
™
@
3
]
N
4
K]
1]
@
&

99




Seismo Version 1.30 Auswertung Do 11.608.04 16:30:16
TTN = 3

Probe: 1A-44 Axialmessung
Lange: BS.4 mm

Totz.: 1.5 ps

S S Dicht. 2.66 g/cm3
ral

yp! 5.58 kns
*  0.00 kn/s
vel 3.18 kars
4 6.01 kn/s

\[\/\/M/ww: 0-28

Edyn: 67.85 GPa

)/

— ARATYarag

Seismo Version 1.30 Auswert. Do 1i1.08.04 16:33:15
ﬂ CISSEISHONIA_AC.DAT |
Probe: 1A-4C Axialmessuny

Lange: 85.6 mm

Totz.: 1.5 ps

X ; e Dicht. 2.66 g/cm3
vp! 5.53 kn's
+  0.02 kn's
ve:  3.05 ka/s
+  0.03 kws
Udyn: ©.28
S

Edyn: 63.56 GPa

o T vve R ‘12”..I.ﬂ”.15...lIB'..Zu..iz...iq."iﬁl"ﬁ"'ae 33__ ‘“.s
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Seismo Version 1.30 Auswertung Do 11.68.04 16:35:26
——— CINSEISROSIA_SA.DAT 3
Probe: 1A-54 Axialmessung
Lange: 85.7 mn
Totz.: 1.5 ps
R RN _}\ Dicht. 2.66 g/cn3
vp! 5.23 km/s
% 0.03 km =
vs! 2.98 kn/s
+  0.03 kw's
- ey SN o
Edyn: 59.36 GPa
S
AN
© 2 4 6 8 le 12 1a_ 16 18_ 20 22 24 262836 32 us
Seismo Usrsion 1.30 Auswertung Do 11.68.04 16:3B:67
CIWSEISHONIA_SC.DAT 3
Probe: 1A-5C Axilalmessung
Lange: 82.7 mn
Totz.: 1.5 ps
Dicht. 2.68 g/cn3
vp! 5.20 km/s
*  0.03 kms
vs: 2.89 ka’s
2 0.00 kn/s
Udyn: 0.28B
Edyn: 57.20 GPa
© 2 4 & & 1o 12 14 16 18  Ze 7z =24 =26 28 36 32  p=
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[ Seismo Version 1.30 Auswertung Do 11.08.04 16:41:06
= — CI SETSMO~If_GA.DAT 7

'Prnbe! 1A-6A focialmessung
Lange: B3.2 mn

Totz.: 1.5 ps

————— 34, N\JSA [\ Dicht. 2.69 s/on3

vpl

2

5

0
v 3. mes
* 9.01 kms
Ww 68.67 GPa

. ,J\/\/me

o z  a & 8  to 12 14 16 18 20 a3 24 26 28 s
Seismo Version 1.30 Auswertung Do 11.98.04 165:43:04
CI~SEISMONIA_&C.DAT
Probe: 1A-6C Axialmessung

Lange: 85.8 mm

Totz.: 1.5 ps

X\\/ \/W\XJ Dicht. 2.69 g/cm3

vp! 5.61 kn'/s
3 0.90 kn'=

vE!: 3.11 kn's
+  0.01 kn's

Vdyn: 0.28

Edyn: 66.46 GPa

r T T T T LN S S e e B e e e i T T T T

. 5
Lo] 2 4 & a8 10 13 13 16 i8 20 22 3‘1 26 28 p=
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Seismo Version 1.30 Auswertung Do 11.08.04 16:44:58
—— CINSEISHONTIA_TR. DAY ;
Probe: IA-THR Axialmessung

Lange: 85.3 mm

Totz.: 1.5 ps

\A/\/\/\)Q/\/\/\/ Dicht. 2.67 g/cm3

vp! 5.36 kn/s

+ 0.0 ka's

vs! 3.03 lm's

*  0.02 km/s

Udym: 0.27

AN

Edyn: 62.01 GPa
b
PN

L) T T T T

© 2 4 & 8 10 12 14 16 _ 18 20 23 24 26 28 _ 86 [2 ps

{ Seismo Version 1.30 Ausuertung Do 11.08.04 16:46:42
T SETSHOSTA_7C . DAT
lPrnb-a: 1A-7C Axialmessuny

Lange: 75.2 mm

Totz.: 1.5 ps
~— —> \\/\/\/\/\/)Q/\/-v\/ Dicht. 2.66 g/cm3
vp: 5.46 ks
£ 0.02 km/s
vs! 3.05 km/s
* 0.04 kn/s

“ Udyn: 0.27
EaN
Edyn: 63.12 6Pa

Xy
~ S AN
e 2 4 6 8  Jo 13 14 1e 18  Zo =2 =z 36 28 u=
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Seismo Version 1,30 Auswertung Do 11.08.04 16:48:42
CINSETSMONTA_SH AT 5
Probe: 1A-BA Axialmnessung
Lange: B4.0 mn

Totz.: 1.5 ps

- > “\/\/\J\){/\f\ Picht. 2.69 g/ca3

vp! 5.03 km/s
2 9.03 km/s
vl 2.83 kmr/'s
* 9.03 kn's
W _Udyn: 0.27

r T T T T T T T T 1

@ 2 4 & B8 40 12 14 16 18 20 22 24 26 28 30 32 us

[ Seismo Yersion 1.30 Auswertung Do 11.08.04 16:50:27
CINSEISHOSNIA_BC.DRY
NPrnbu: 1A4-8C Axialmessung

Lange: 84.0 mm

Totz.: 1.5 ps

V\/\/\/\X\/\/\ Dicht. 2.66 g/cm3

vpl 4.96 km/=
*  0.02 km/s
vs: 2.78 km's
+  0.02 km/s
; Udyn: 0.27

Edyn: 52.30 GPa

VAN

TN
© "2 4 & 8 1o 13 14 16 18 20 22 24 26 28 S0 32 p=
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Seismo Version 1.30 fuswertung Do 11.08.04 16:52:23
CTISSETSADSIA_9A.DAT 3
Probe: 1A-9% Axialmessung
Lange: 85.1 nm
Totz.: 1.5 ps=
S >4 Dicht. 2.65 g/cm3
vp! 5.12 kn's
+  0.02 kn/s
vE! 2.86 kns
+  0.01 kess
Wdyn: 0.27
%
Edyn: 55.15 GPa
o 2 a4 & B 10 12 da 16 18 20 22 =24 =26 28 30 32 p=
{ Seismo Version 1.30 Auswertung Do 11.08.04 16:54:32
CTISSETTHOS1A_9 . DAY
IProbe: 1Aa-9C Axialmessung
Lange: HO.7 mm
Totz.: 1.5 ps
WWWWMW Dicht. 2.65 g/ca3
vpi 5.12 kns
+  0.02 kn's
vg! 2.91 km/s
* 9.64 ls
R A S S SRE AR Vdyn: ©.26
Edyn: 56.71 GPa
© 2 a4 _ & __8 1o 12 14 le 1B _ 0 a2 24 26 28 _ 36 32 ps
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Seismo Verzion 1.30 fusuartung Do 11.08.04 16:56:29
e — — CIN3ET .
Probe: 1A-1064 fAxialmessung

Lange: B6.3 nm
Totz.: 1.5 ps

. Bicht, Z.66 g/cn3

vpi 5.32 kns
+  0.62 kmn's
vs: 3.01 km/s
*  9.02 km's

Udyn: 0.26

Edyn: 61.05 GPa

E /ANNARAAN

© ' a4 & B 1o 13 14 16 18 2o 3z 24 26 28 0 92 w=

Seismo Version 1.30 fuswartung Do 11.08.04 17:57:31
CTIwSEISHONIA_1oC.DnT |
Probe: 1A—10C Axialmessung

Lange: 88.0 nm

Totz.: 1.5 ps

— Dicht. 2.65 g/cm3
upl 5.16 kn's
*  0.02 kw's
vs 2.84 kn's
*  0.92 hes
Udyn: 0.Z8
¢ v

Edyn: 54.87 GPa

e‘
(h
(-
A
i
x]
8
4
§
3
8
i3
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[Seisnu Uerzion 1.30 Auswertung Sa 06.08.04 17:49:16
CINSEITHOSAIE_TA.DAT 3

Erohe: 1B-1A fAxialmessung
Lange: 84.6 mn

Totz.: 1.5 ps

f\f\/\/\/{\_/‘\/' Dicht. 2.65 g/cm3

vp 5.76 km/s
] 0.97 kmn's
vs! 3.24 kn's
*  0.01 kw's

*\j VNS

r T T T T L4

© 2 4 6 __B__10 12 14 16 18 20 22 24 26 2830 32 ps

{ Seismo Version 1.30 Auswertung Sa ©06.08.64 17:59:19
[+ 1T,

ul"robei 1B-1C Axialmessung

Lange: 75.5 mm

Totz.: 1.5 p=

A R ¥ Dicht. Z.66 g/cm3

5
8¢

Vdyn: 0.26

Edyn: 68.72 GPa

N
Y
T T T 1] T L) T T ) T I aJ s w
o z 4 L) a8 19 12 i4 16 ie 20 22 24 26 28 ps
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Selsmo Version 1.30 Ausuertung Sa 0G6.08.04 17:56:50
CTINSETSROALH_2n . DY 3

Probe: 1B-2A Axialmessung

Lange: 75.7 mm

Totz.: 1.5 ps

LY Dicht. 2.65 g/cm3d
P
vp! 5.62 knrs
t  9.62 kn'/s
vs! 3.15 kn/s
* 0.03 kmr's
Udyn : .27
Edyn 66.98 GPa
Y
A

© 2 a4 6 8 50 32 14 16 18 36 =2 24 26 2B us
Seismo Version 1.30 Auswertuny Sa:::\OB.OEI.M 18:0.1:59
Probe: 1B-2C fAxialmessung
Lange: B2.6 on
Totz.: 1.5 ps
S, P s A B e P A Dicht. 2.66 g/cm3
vp: 5.67 km/s
2 0.0Z2 k=
vsl 3.23 km“s
*+ 0,03 kn/s
e ey e sl = - )\ Udun! 0.26

26 28 pe

o-
n]
a
o]
o]
s
S
5
&
&
8
N
3
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| Seismo Version 1.30 fuswertung Sa 06.08.04 1B:04:06
"Probe: 1B-3a Axialmessung
Lange: 74.8 nm

Totz.: 1.5 ps

W M. ¥ jiA/V\/ Dicht. 2.66 g/cm3

up! 5.65 kn/s
*  0.0Z kn's
vs; 3.17 kn's
b4 0.92 kn/s
Udyn: 8.27
Edyn: 6B.95 GPa
~,
AN
o =z a 6 B 10 12 14 16 18 20 22 24 26 28 _ws
Seismo Version 1.30 Ausuertung Sa ©06.08.04 18:06:52
[ .
Probe: 1B-3C Axialmessung

Lange: 76.2 mm

Totz.: 1.5 ps

—NWMHMQ\ Dicht. Z.66 g/cm3

yp! 5.63 ks
E 0.902 kn's
ve ! 3.18 kn/s=
S 6.02 kn/s
Udyn 8.26
}\ e

Edyn: 68.2Z GPa

109



Seismo Version 1.30 Ausuertung 5a ©06.08.04 18:08:48
e CINSETSROAIE 38 .DAT -

Probe: 1B-4A Axialmessung

Lange! 76.2 nm
Totz.: 1.5 ps

e e Dicht. 2.65 g-/cn3

vp! 5.44 ks
4 0.090 lm's

vs! 3.09 ks
% 9.901 kw's

Udyn: ©0.26

Edyn: 63.98 GPa

e VAN 2VaVa

r T T T

o 2 4 & 8 1o 12 13 16 18  Zo  z2 =24 26 28 p=

Seismo Version 1.30 Auswertung Sa 06.08.04 18:10:47
e verae == CT\SETSHONAYE_AT.DAT 7
Ilebe : 1B-4C fixialmassung

Lange: 76.6 mm

Totz.: 1.5 p=

_.___..._._._,_,_._.ﬁ‘;\ _- Dicht. 2.66 g/cn3
wp: 5.48 kn's
* 0.92 kn/s
vs: 3.66 kn's
* 0.03 kn's
>\ Udym : 0.27

Edyn: 63.34 GPa
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Saismo Version 1.30 Auswertu 8a 06.00.04 18:13:13
— . - ﬁ ac:\mm_‘
Probe: 1B-5A Ax ialwessung
Linge: 76.4 mm

Totz.: 1.5 ps

%{\ Dicht. 2.64 g/cn3d
vp! 5.50 Im/s
+ 0.00 km/s
val 3.12 ks
* 0.01 km/s
Udyn: 0.26
Edyn: 64.96 GPa
umwmm?
o 2 4 6 8 1o " 1a e 20 22 24 26 28 ps
Saismo Version 1.30 fAuswertung Ea 065.08.04 10:15:47
CTINIETSHOSAIE_GEC.DAT |
iProbe: 1B-5C Axilalnessunyg
Linge: 76.3 mm
Totz.: 1.5 ps
e }\ \ Dicht. Z.66 g/cm3d
vp! 5.52 kn's
4 2.02 kn's
vsi 3.11 ka/'s
*  H.05 km/s
E. Udym: 0.27

Edyn: 65.21 GPa
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Beismo Uarsion 1.30 Auswertung 8a 06.08.04 18:18:53
—_—————————————— T:SSEISRTSAIE_GA.DAY |

Probe: 1B-6A Axialmessung

Linge: 79.3 mm

Totz.: 1.5 ps

—————— e ey f\,\/\/\/\,\/\ﬁ/\f\/ Dicht. 2.66 g/cn3

vp:  5.65 kn's
+  0.02 /s
ve:  3.25 ks
o 0.08 km's

}{\ (\/v\/\ﬂ/v\ludgn: 6.25
Edyn: 76.40 GPa
— W

E L e s e e S s e S e e T T T T L4

o 2 4 & 8 10 12 14 ‘16 18 20 Pz =24 36 28 us

Seisno Version 1.30 Auswertung Sa 06.98.04 18:22:29
e — TSR ISHOSAIE_GC.DAT ;
Prabe: 1B-6C Axialmessuny

Lange: 77.3 mm

Totz.: 1.5 ps

SR ¢ \[\/\N\/\_ Dicht. 2.65 g/cm3

vp: 5.59 kw's
* 0.02 km/s
vs! 3.19 kn's
+  0.03 kn's

e Son S\ Vdyn:  0.26

Edyn: 68.00 GPa

0_
.
5]
&
=
5
S
~
3
5
3
B

24 26 28 p=
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| Seismo Uersion 1.30 Auswortung Sa ©06.08.04 18:25:33
TS A
IPt‘obe: 1B-7A Axialmessung
Lange: 72.6 mm
Totz.: 1.5 p=
_._...n_>\ Dicht. 2.67 g/cn3
wp! 5.53 kn's
b4 0.02 kn/s
vs! 3.12 kw's
+ 0,02 ke's
\ Udyn 0.27
—l-—vl-"‘ﬂ-l‘“ﬂ-:"v—-u—"—'—w—‘-?
Edyn: 65.97 GPa
S 3 A L B o 1z 12 1o to P = F = = p
Seizmo Usrsion 1.30 Auswertung Sa 06.608.04 18:29:32
CTINSEISRONAIE_7T.DAT 3
Probe: 1B-7C fixialmessung
ldange: 75.4 mm
Totz.: 1.5 p=
P _\,.\ Dicht. 2.67 g/cn3
wp: 5.57 '
* 0.62 km/s
vs! 3.08 km/s
b4 0.05 kn's
; Udyn: 0.28
Edyn: 64.78 GPa
o =z a 6 8 __ 10 12 14 16’ 18  Zo 22 24 26 28 p=
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Seismo Version 1.30 Auswertu hi 10.08.64 17:29:29
Probe: 2A-1A Axialmessung
Lange: 73.1 mm

Totz.: 1.5 ps

Dicht. 2.6 #
- s _><\\ ich 6 g-cn3
vp: 5,43 kn/s
+  0.02 kn's
vs!: 3.04 kn/r
+ 0.4 kn/s
Udyn: 0.27
e _?‘\

6 2 4 __& 8 10 12 14 16 18 Zo 22  =2a 26 28 us
[ Seismo Version 1.30 Auswertung Mi_ 10.08.04 17:32:28
I TINSET e [ 3
ﬂpmt.e: 2h-1C Axialmessung
Lange: 75.0 mm
Totz.: 1.5 ps
¥
~— Dicht. 2.67 g-cm3
vp: 5.43 kn’s
-3 0.64 kn's
ys; 3.02 kn's
*  0.96 kw's
; Udyn' 9.28
Edyn: 62.33 GPa
3, /
o =2 a 6 8 1o 12 14 16 18 20 @A 24 26 28 s
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Seismo Version 1.30 Auswertung Mi 10.08.04 17:34:29
T
Probe: ZA-2A

fixialmessung
Lange: 75.3 mm
otz.:! 1.5 ps
. \/\’\/\/\A/V%m 2.66 wond
5.48 kn's
- 0.02 kn's
3.10 kw's

0.01 kn's
\/\}MMW\/\/W 64.77 GPa

\/WA/\NW\

© a2 a6 & _te Z2 34 26 _28 ps
Seismog Version 1.30 Auswertung Hi c=l\9.08.0‘l 17:3.7:01.
[Probe: ZA-2C fixialmessuny
Lange: 73.8 mn
Totz.: 1.5 ps
3¢ /\/l’linht. 2.66 grcnd

vp!
*

0.26
Edyn: 66.16 GPa
2 _1a 16 18 Ze 3z 24  Ze 28 p=

ow ou
g 8%
i

s T T T T T

o 2 4 & g 19
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Seismo Verzion 1.30 Aunswertung Hi 10.08.04 17:39:32
T TTSEET :

Probe: 2A-36 Axialmessung

Lange: 73.9 mm

Totz.: 1.5 ps

A — Dicht. 2.66 g/cn3
vp! 5.47 kn's
+  0.04 kn's
ve: 3.14 ke/s
*  0.02 kn's

Udyn: 0.25
9<\ Edyn: 65.83 GPa

——— N\
@ 2 a4 & B 18 12 14 46 18  ze =3 24 26 28 p=
| Seismo Yersion 1.30 Ausuertung Hi 10.08.04 17:41:16
= TISSETSHONZA_3C . DAT
ﬂl’mhe: Za-3C fixialmessung

Lange: 73.3 mm

Totz.: 1.5 ps

i s C = /\/\/\ Dicht. 2.66 g/cm3
. 9

vp! 5.46 kw's
+  9.02 km’'s
vs! 3.08 ks
* 0.91 kn's

o_
o]
]
o]

[
&
A
@
3
i
»
i

B

i
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[ Seismo Version 1.30 fusvertung Hi 10.08.04 17:43:28
—— P CTISSETSHONE_IA . DAT

ﬂ]"rn'bn: 2h—4h Axialmessung
Lange: 75.5 mn
Totz.: 1.5 ps
Dicht. 2.67 grcm3
wp! 5.43 kns
* 0.90 kn/s
v 3.06 kn's
+  0.91 kn's
;, Udyn: ©0.27
Edyn: 63.53 GPa
P2 U 1 % . © & B s s a n E e
Seismo Version 1.30 Puswertun rni 16.08.84 17:45:54
e i lctxs:rmﬂ‘r‘
Probe: 2A-4C fxlalmessung

Lange: 75.6 mm
Totz.: 1.5 ps
e _.L.._._._%\ Dicht. 2.67 g/cn3
vp: .
* '
4 .
3 Vdyn: 0.26
Edyn: 66.63 GPa

o gy ){\

26 84
LY

8
Sw 20
L]

o
-
&
e
g
=
<
-
LM
[
o
.
L]

18 20 3R =24 26 28 us
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Seizmo Version 1.30 Auswertunyg Mi 10.08B.04 17:47:46
—= TINSEISHOSZA_5a . DAT 3
Probe: 2A-SA fxialmessung
Lange: 71.7 mm
Totz.: 1.5 ps
_.._.._.___.M__.,_,__H_,_,_,_,_,____,_%( Dicht. Z2.67 g/cm3
vp: 5.53 kn/s
t 0.0Z2 kw's
wel 3.21 ks
t  6.02 kn's
Udyn: 0.25
N
Edun: 68.57 GPa
N, /\//\/\N\/W
N
6 2 a & & 3o 43 Ja e 4o do a2 34 26 28 pe
Seismo Version 1.30 Auswertuny Hi 10.08.04 17:49:54
TINSETSNINZA_BU DAY 3
Probe: 2ZA-5C Axialmessung
’ Lange: 71.4 mm
Totz.:! 1.5 ps
e B Dicht. 2.66 g/ca3
vp: 5.55 ks
*  0.02 lm's
vs: 3.22 ks
+ 0.01 kn/s
—m«,.—»._—n—.—.—_—.—-—.% Udyn 0.2

mwwd\/\/vwﬁ«/\m/\/

1214 16 1B 2o 22 24 26 28 =

&7
N
C
L
L]
s
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Seismo Version 1.30 Mauerﬂtm Mi 10.08.64 17:5Z2:04
CTSSETSHDNZR_BA . DAT

Probe: 2A-6A Axialmessung

Lange: 74.6 mm

Totz.: 1.5 ps

B ‘.,-q__-—_.—_.-....nj\.( Dicht. 2.65 g/cm3
vp! 5.60 kn's
- 0.0Z kn'=
vs! 3.26 kw's
*  0.03 kn's
_’\ Wdyn: 0.24

Edyn: 70.09 GPa

e =2 4 6 @ _le 12 14 16 18 20 =22 24 26 28z
Seismo Version 1.30 M“rtug Mi 10.08.04 17:58:2¢
e CISSETSHONZA_6C . DAT
Probe: 2A-6C xialmessung
Lange: 75.5 mm
Totz.: 1.5 ps
A S e e N i,
Pl Dicht. 2.65 g/cm3
vp! 5.594 kn's
* 0.02 kns
v 3.10 lm's
* 0.03 ks
Udyn: 0.27
Edyn: 64.74 GPa
T R TR SRR RS % ip B 22 2 ax 2 i
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Auswertung ni

Seismo Version 1.30 10.08.04 18:00:39
—_— CTSSETSNOSZA_7A AT 5
Probe: 2A-7A Axialmessung
Linge: 74.8 mn

1.5 ps

Dicht. 2.66 g/cm3

vp! 5.34 km/s
*  9.00 ks
vs! 3.00 kn/s
+  0.05 kn's
Udyn: 0.27
Edyn: 66.81 GPa

—r—y T
@ 2 4 -]

20 ZA 24 36 38 wps
Seismo Yersion 1.30 Ausvertuny Hi 10.08.04 1B:02:32
| SeammE S TTSSEISMUSZR_7C. DAY 3
Probe: ZA-TC Axialmessung
Lange: 74.6 mnm
Totz.: 1.5 =
.}(\ Dicht. 2.66 g/cn3
up! 5.27 kn/=
2 0.62 kn's
vs: 3.00 km's
*  0.01 kn/s
e S Y \/\/\/\M\/"""‘“z 0.2
Edyn: 60.43 GPa
'ozir'.éfofzk:.‘r.n'az‘oézaha!sz'ag‘

120




Seismo Version 1.30 Auswertung Ni 10.08.04 18:04:17
e CTISSETSRUSZA_BA . DAY

Probe: ZA-BA Axialmessung

Lange: 76.1 mm
Totz.: 1.5 ps
_-_-—-_-_—_.—._.-w-\...—..,-w_»-_—-_q:,\ Dicht. 2.63 g/cm3
vp! 5.61 kn's
0.04 kn'm
ve! 3.15 kn/s
0.0Z kn's
™,
_.—_—...—‘—v—‘_.—w-w_._.«.,_h_._.._.,._.,.__._*;\ Udyn: 0.27
Edyn: 66.55 GPa

14

(L]

e X
o 2 4 & B 18 12 14 16 18 20 22 24 26 28 =
Seizsmo Version 1.30 fAuswertu fi 10.98.04 18:06:11
mﬁ lc:\!.'!'l'!-!l(ﬂT_E'CTﬁi'!_'
Probe: 2A-8C Ax ialuessung
Lange: 77.3 mm
Totz.: 1.5 ps
;{\/‘V\,\ Dicht. 2.63 g/em3
vp! 5.59 kn's
*  0.02 kw's
vs: 3.15 kw's
* 0.01 kns
A Udym : .27
-».-..;—\_u-__}\
Edyn: 66,16 GPa

‘e 10 12 14 16 18 20 =22 24 26 28 us

,-
i
2
o]
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[ Seismo Version 1.30 Ausuertung

Probe: 2A-9A

Lange: 75.8 ma
Totz.: 1.5 ps
——— S — Dicht. 2.66 g/cu3
vp! i /4
* .

{
?
E £ b
$ ‘o W o
8 R
5

Mi 16.08.04 18:08:03
CIwSEISHOSZR_9A.0AT ;

Axialmessung

7

f

8k 28
"

:

T —
=] 2 a & a8 1o 1z 14 16 18 20 22 24

Seismo Version 1.30
Probe: 2ZA-9C

|

Mi 10.68.064 1B8:09:53
CINSETSMO 2R _SC. AT 3
fcialmessung
Lange: 74.8B mm
Totz.: 1.5 ps

Dicht. 2.66 g/cm3

wp! 5.70 km/s

* 0.02 km/s
vs! 3.17 km/s
*  0.05 kmn/s
M»WW&M Vdyn: 0.28
Edyn: 68.19 GPa
WW\
° 2 4 6 8 1o 13 1a 16 18 2o =22 =4 a6 a8 Es'
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Seismo Version 1.30 Ausvertuny Hi 16.88.04 1B:13:37

Probe: ZA—-18A fixialmessung
Linge: 86.6 mm

Totz.: 1.5 ps

EASS e R WA ~¢ Dicht. 2.66 g-cm3
vp! 5.60 kn/s
k4 0.92 km/=
vs! 3.19 km's
+  0.03 kms

Edyn: 68.25 GPa

e =z a 6 8 10 13 22 34 26 ws
Seismo Version 1.30 fusuertung Mi 10.08.84 1B:15:44
TTSSETSHOZ_10C.DAT |
Probe: 2A-10C fiialmessuny

Lange: 87.3 mm

Totz.: 1.5 ps

){\) Dicht. 2.65 g/ca3

57 kn/s
kn/s

"o

5.
9.02
vs! 3.12 kw's
0.05 lw's
B e 4 Udym: 0.27
Edyn: 65.68 GPa

T T T AL Ly S B e B by B oy e it T

l.'ﬁ 20 A2 24 26 2B 30 32 s

i+

a-
-
o]
o]
o
&
B
5
3
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Seismo Ver=zion 1.30 Auswartung Do 11.08.04 17:01:39
| i = CTSETSHONAA_ITA DAT 5

Frobe: 4A-1A Axialnessung
Lange: 71.3 mm

Totz.: 1.5 p=

S SR — Dicht. 2Z.66 g/cm3
vp! 5.57 kmn's
*  0.00 kn's
val 3.20 kn'/s
* 0.61 kn/s

Udyn: 0.25

Edyn: 68.22 GPa

e =z a & 8 10 12 14 16 18 2o 22 24 26 28 _us
| Seismo Version 1.30 Ausvertung Da 11.08.64 17:09:00
CINSET . . E
HPM’:ba:‘ 4a-1C fixialmessung

Lange: 69.80 mm

Totz.: 1.5 ps

___‘__,__.__,___.9\ Dicht. 2.65 g/em3
vpl .55 kn/s
* .05 kn/s
.04 km/s
.02 km/s
Ydym: 0.29

Edyn: 63.1Z GPa

J
]

© 2 4 & 8 10 412 1a 16 18 20 22 24 26 28 =
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| Seismo Version 1.30 A tung Do 11.68.04 17:11:37
u CTAETSMONAA 2R . DRT §
Probe: 4A-2A Axialmessung
Lange: 69.6 mm

Totz.: 1.5 ps

—“W_w__;\ Dicht. 2.66 g/cm3
vpi 5.55 kn's
t  0.03 kn's
vs! 3.07 km/s
0.901 Im/s

* .
Udyn: 8.28
Edyn: 64.20 GPa

10 12 14 16 18 20 ==z

r T T T

e 2  a 6 8 28 36 28 us
Seisma Version 1.30 Auswertung Do 11.68.04 17:13:21
CISSEISROSAA_ZC . DNT |
Probe: 4A-2C fAxlalmessung

Linge: 71.4 mm

Totz.: 1.5 ps

e ] A\ Dicht. 2.66 g/cn3

r T Ty T T T T T T T T T T T T T >
=] 2 4 (-] =] 19 12 14 16 18 20 22 24 26 Z8 p=
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[ Seismo Version 1.30 fusuertung o 11.08.04 17:15:04
IPMM! 4A—3a .ﬂxialllr:ssung .
Lange: 72.0 mm
Totz.: 1.5 ps

Dicht., 2.66 g/cnd

wp!

I+

on on
8
]
N
w

S

° 2 4 &

10 12 14 16 18 __Zo 22 24 26 28 ps
Seismo Version 1.30 Auswertung Do 11.08.04 17:16:53
T SETSAONAA_JC.DNAT |
Probe! 4A4-3C Axialmessung
Lange: 71.0 mm
Totz.: 1.5 ps
3 \’JWI\/\/\ Dicht. 2.66 g/cm3
vp! 5.39 kn's
+  9.02 kn's
vs! 3.02 kavs
* 0.01 s
o . Vdyn: 0.27
— 2N\
Edyn: 61.60 6Pa
e 2 a4 & e 10 12 1A 16 18 20 2z 24 26 28 p=

126



Smismo Version 1.30 Auswertung

Do 11.08.94 17:18:53
CTINSEISHOSAR_3A_,.DAT 5

Probe ! 4f—4A Axialmessung
Linge: 71.5 mm

Totz.: 1.5 ps

L — _u.-_«,_?\(\ Dicht. Z.66 g/cm3
vp: 5.17 kns
* 0.02 kn's
vel 2.93 ka's
* 9.62 lm's

\-\ vudgl'l: 0.26
Edyn: 57.59 GPa

T g g T

Seismo Yersion 1.30 Auswertung Do 11.08.04 17:2B:20
CINSETSHOSSA_AT. DAY

Probe: 4A—4C Axialmessung

Lange: 71.3 mm

Totz.: 1.5 ps

>¢ W Dicht. 2.65 g/cm3

vs! .97 km's
* .01 Jm/s

; <.‘ Vdyn: 0.27
Edyn: 59.34 GPa

— \/\/\/\«K/\/\/

o
3]
.
o
o

E.

10 12 14

i8 20 2‘2 3‘4 3‘6 er Fi3
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Seismo Verszion 1.30

Ausuertung

Probe: 4A-5A

Do 11.08.64 17:30:52
CINSETSHDN3A_SA.DAT |
fAixialmessung
Lange: 75.4 mm

Totz.: 1.5 ps

>{ Dicht. 2.66 g-/ca3
vp: 5.09 km's
* 0.00 kn/=
vs ! 2.89 km/'s
*  9.90 kn/s

Ydym: 0.26
N
Edyn: 56.08 6Pa

X
S
o =z a & Yo 12z  1a 16 18  Zo 2z 24 26 25 ue
[ Beismo Version 1.30 Auswertung Do 11.08.04 17:33:15
TISSETSHDNEA_ET . DAT 3
[Prahe: 46—-5C fixialmessuny
Lange: 75.7 mn
Totz.: 1.5 ps
N /\/\_)(,m;:m. 2.66 g/cud
*: \
vp: 5.02 km/s
+  0.02 kn/s
val 2.83 km/s
t  0.03 ks
Udyn: 0.27
—7

-
26 28 ps
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Seismo Version 1.30 Auswertung Do 11.68.04 17:35:18
CISSETSRONAR_GA.DAT J

Probe: 4A—-bA Axialmessung

Lange: 71.5 mm
Totz.: 1.5 ps
.‘—__.-; w~ Dicht. 2.66 g/ca3
vp: 5.16 km/s
0.6Z2 km/s
vs! 2.94 km/s
0.91 kmns
Udyn: 0.26
———— e —¢
Edyn: &7.85 GPa

3 9\\}

o 2 4 6 8 ie 12 14

I

1+ v

13

18 20 =2 249 26 28 ps

Seismo Uerzion 1.30 Auswertuny Do 11.08.04 17:37:27
CTTSETENOSAA_GC . DAY J

Probe: 4A-6C Axialmessung
Lange: 71.6 mm
Totz.: 1.5 ps

_._.} Dicht. 2.66 g/cm3

14 <

1%

Edun: 55.87 GPa

W%W

T - - —rr——rTrTr 7T}
2 a 6 8 10 12 14 16 18 20 22 24 26 28 ps
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Seismo Version 1.30 Ausuertung Do 11.08.04 17:39:40
TINSETSHOSEA_7A . DAT |
Probe: 4A-7A Axialmessung
Lange: 76.0 mn
Totz.: 1.5 ps
o e }’\; Dicht. 2.66 g-ca3
vp! 5.19 km/s
b4 0.02 km/s
vs! 2,94 km/'s
* 0.04 kmn's
Vdyn: 0.26
Edyn: 5B.99 GPa
T o e P ™ ’,
e 3 a & 8 16 12 14 6 18 20 2z 24 26 2B ps
Seismo Version 1.30 Auswertu Do 11.68.64 17:42:13
CISE TSN AR YT DAY
I;Prube: 4A-7C Axialmnessung
Lange: 76.3 mm
Totz.:! 1.5 ps
_.__._._,.w__w__._.._,—.__.__.}e\ Dicht. 2.66 g/cm3
vp: 5.10 kw's
i 0.02 kn's
vs! 2.87 kw/s
* 9.05 kn's
SR NSP A NS S S S S P AU | {W\/\/\/\)(\A/"M‘ 0-a7
Edyn: 55.53 GPa
e e i >t
e =2 a 6 B 1o 12 14 16 18 2o 2z 24 26 28 w=




Seismo UVersion 1.30 Ausuertung Do 11.08.04 17:45:42
e —— = CINSETSNONAN_BR . DAY |

Probe: 4A-BA fixialmezsung
Lange: 74.9 mm

Totz.: 1.5 ps

3¢ Dicht, 2.66 g/cm3
yp: 5.31 kn/s
*  0.04 kn's
vs! 3.06 lw's
* 0.00 km/s
e _,..__.}( Udyn: 0.25

Edyn: 62.27 GPa

MMMM“/\AWM

T L 7 T s T

© @ 4 & 8 16 12 14 16 18 30 33 24 26 28 =

Seismo Varsion 1.30 Ausuertung Do 11.08.04 17:48:03
———— C:wSEISHOSAA_BC . DAT |
Probe: 4A-8C Axlalnessang

Lange: 72.7 mm
Totz.: 1.5 ps

e — VKA \ picht. 2.66 goon3

vp: 5.24 ka's
*  0.02 kn's

ws! 2.93 ks
*  0.06 kn/s

e \)V\/\—\ Vdyn:
Edyn: 58.09 &Pa

10 12 14 16 18 20 22 @4 26 38 ws

=
m-
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Seismo Version 1.30 Auswartung Do 11.68.804 17:51:27
CISSETESNOAR_9A . AT 3

[Probe: 4A—9A Axialmessung

Lange: 74.2 nm

Totz.: 1.5 ps

/\/W\f Dicht. 2.67 g/cm3d

vp: 5.13 kn/s
+  0.02 kn/s
va: 2.88 ks
* 9.01 kn/s

e 2  a & 8 e 12 is 16 __18 22 24 26 28 s
Seismo Version 1.30 fluswertung Do 11.68.04 17:53:47
== CTSSETSHOSAA_SC. AT
Probe: 4A-9C Axialmessung

Lange: 70.9 mm

Totz.: 1.5 ps

et e e e JV\/\W Dicht. 2.65 g/cm3

vp: 5.55 km/s
+ 68.83 ks

vE! 3.18 km/s
* 0.05 kw's

Ydyn: 0.26

)/

Edyn: 67.17 6Pa

e T T T T T T T T

T T
10 12 14 16 iB 20 22 24 F 28 us

o-
o
]
ol
i
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Records of fracture toughness tests

ISRM standard 1988

Appendix C

borehole: KFMO1A
sample - no.: 01A-1AB
mean depth, m: 423.17
diameter, mm: 50.6
initial crack length, mm: 7.6

max. Force, kN: 2.40
KIC, MN/m3/2: 2.20
date of testing: 11.06.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

1A-1AB

D5: 874 Zeit: 00:01:27 40

1500

1000

T T T
0.1 0.12 0.14

T T
0.16 o.18 -
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borehole: KFMO1A

sample - no.: 1A-1BC

mean depth, m: 423.17

diameter, mm: 50.6

initial crack length, mm: 6.7

max. Force, kN: 2.66

KIC, MN/m3/2: 2.30

date of testing: 11.06.04

operated by F. Seebald, U. Weber
checked by U. Weber
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borehole:

KFMO1A

sample - no.:

1A-2AB

mean depth, m:

424.83

diameter, mm:

50.5

initial crack length, mm:

7.2

max. Force, kN:

2.23

KIC, MN/m3/2:

2.00

date of testing:

11.06.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

1A-2AB

D5: 625 Zeit: 00:01:02,50

a H H
3 H H
al e o
o~ .
a H H
2 L i
L Tt e
- : H
e i i
=3
e v
- H H
= i i
- R Sdee-
u H
al H H

T T

o 5 10 15 35 40 45 50 &0 &5 Sek
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borehole: KFMO1A
sample - no.: 1A-2BC
mean depth, m: 424.83
diameter, mm: 50.6
initial crack length, mm: 7.0

max. Force, kN: 2.55
KIC, MN/m3/2: 2.25
date of testing: 11.06.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

1A-2BC

D5:

B64 Zeit: 00:01:26.40

1500

1000
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borehole: KFMO1A

sample - no.: 1A-3AB

mean depth, m: 428.17

diameter, mm: 50.7

initial crack length, mm: 7.1

max. Force, kN: 2.53

KIC, MN/m3/2: 2.24

date of testing: 11.06.04

operated by F. Seebald, U. Weber
checked by U. Weber

T - % s zewwwm

1000
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borehole:

KFMO1A

sample - no.:

1A-3BC

mean depth, m:

428.17

diameter, mm:

50.7

initial crack length, mm:

6.7

max. Force, kN:

2.26

KIC, MN/m3/2:

1.95

date of testing:

11.06.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

1A-38C DS: 568 Zeit: 00:00:56.80
a : : ;
= . . I
=71 T U TrTtteTTT
L " . .
a : : ;
2 : : :
24 : : :
B : : ;
e : : :
= . . .
a- c f T
- " . .
e : : ;
2 e
.y . N .
: : i
o] : : ;
L] 5 I.III s as 40 ’I5 50 55 (=) 5; Sek
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borehole: KFMO1A
sample - no.: 1A-4AB
mean depth, m: 484.59
diameter, mm: 50.6
initial crack length, mm: 6.9

max. Force, kN: 2.20
KIC, MN/m3/2: 1.93
date of testing: 11.06.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

1A-4AB

D5:

550 Zeit: 00:00:55,00

1500

1000

500

e

r T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
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borehole:

KFMO1A

sample - no.:

1A-4BC

mean depth, m:

484.59

diameter, mm:

50.6

initial crack length, mm:

7.1

max. Force, kN:

2.21

KIC, MN/m3/2:

1.96

date of testing:

11.06.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

1A-4BC

D5:  6B4 Feit: 00:01:08.40

a : : : :
s : : : :
= H . ' .
™~ . . . .
a : : : :
2 i L L L
L T Tt e TtV TT T
- : : : :
s : ¢ : :
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= b
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borehole:

KFMO1A

sample - no.:

1A-5AB

mean depth, m:

489.95

diameter, mm:

50.8

initial crack length, mm:

7.1

max. Force, kN:

2.23

KIC, MN/m3/2:

1.96

date of testing:

11.06.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

1A-5AB

D5: 712 Zeit: 00:01:11.20

a H
-+ !
- 'T"'
o~ i
2 :
L '{"'
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o o.01 0.02 0.03 004
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borehole: KFMO1A

sample - no.: 1A-5BC

mean depth, m: 489.95

diameter, mm: 50.9

initial crack length, mm: 7.3

max. Force, kN: 0.80

KIC, MN/m3/2: 0.71

date of testing: 11.06.04

operated by F. Seebald, U. Weber
checked by U. Weber

1A-6BC

D5: 456 Zeit: 00:00:45,60
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borehole: KFMO1A
sample - no.: 1A-6AB
mean depth, m: 504.69
diameter, mm: 50.8
initial crack length, mm: 7.1

max. Force, kN: 2.35
KIC, MN/m3/2: 2.07
date of testing: 11.06.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

1A-BAB

D5: 694 Feit: 00:01:09.40

a : : :
=
a” ST v h
L : : :
a ' ' :
= ] ' '
w1
- . ‘ '
s : : :
a . " M
a2
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borehole: KFMO1A
sample - no.: 1A-6BC
mean depth, m: 504.69
diameter, mm: 50.7
initial crack length, mm: 7.2

max. Force, kN: 2.42
KIC, MN/m3/2: 2.15
date of testing: 11.06.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

1A-6BC

D5: 707 Zeit: 00:01:10.70

a : :

=

a” T H
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a ' : :

= ] ' '
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borehole: KFMO1A

sample - no.: 1A-7AB

mean depth, m: 688.13

diameter, mm: 51.0

initial crack length, mm: 7.3

max. Force, kN: 1.94

KIC, MN/m3/2: 1.72

date of testing: 11.06.04

operated by F. Seebald, U. Weber
checked by U. Weber

1A-TAB i i . i i . i i i i . i i . DSI: 732 IZnil: Illl:lJl‘I:13.2ll
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borehole:

KFMO1A

sample - no.:

1A-7BC

mean depth, m:

688.13

diameter, mm:

51.0

initial crack length, mm:

7.3

max. Force, kN:

2.35

KIC, MN/m3/2:

2.08

date of testing:

11.06.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

1A-FBC

D5:

762 Zeit: 00:01:16,20

a H H : ' H
a ' : : : :
=3 ' . ' H =
™~ ' . . .
s : : : : :
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borehole: KFMO1A
sample - no.: 1A-8AB
mean depth, m: 950.00
diameter, mm: 50.8
initial crack length, mm: 7.2

max. Force, kN: 1.95
KIC, MN/m3/2: 1.73
date of testing: 11.06.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

1A-BAB

D5:

778 Zeit: 00:01:17.80

1500

1000

T T
0.1 0.12

T
0.16
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borehole: KFMO1A
sample - no.: 1A-8BC
mean depth, m: 950.00
diameter, mm: 50.9
initial crack length, mm: 7.3

max. Force, kN: 1.94
KIC, MN/m3/2: 1.72
date of testing: 11.06.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

1A-8BC

D5: 683 Zeit: 00:01:08.30

1500

1000
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borehole:

KFMO1A

sample - no.:

1A-9AB

mean depth, m:

971.57

diameter, mm:

50.8

initial crack length, mm:

6.7

max. Force, kN:

2.15

KIC, MN/m3/2:

1.84

date of testing:

11.06.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

1A-9AB

D5: 755 Zeit: 00:01:15.50
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s : : - :
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borehole: KFMO1A
sample - no.: 1A-9BC
mean depth, m: 971.57
diameter, mm: 50.8
initial crack length, mm: 7.0

max. Force, kN: 2.07
KIC, MN/m3/2: 1.81
date of testing: 11.06.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

1A-98C

D5:

670 Zeit: 00:01:07,00

1500

500

1000
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borehole: KFMO1A
sample - no.: 1A-10AB
mean depth, m: 978.53
diameter, mm: 50.7
initial crack length, mm: 6.9

max. Force, kN: 2.12
KIC, MN/m3/2: 1.85
date of testing: 11.06.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

1A-10AB

D5: 713 Zeit: 00:01:11.30

1500

1000

500

T T T T T
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borehole: KFMO1A
sample - no.: 1A-10BC
mean depth, m: 978.53
diameter, mm: 50.8
initial crack length, mm: 7.4

max. Force, kN: 2.15
KIC, MN/m3/2: 1.93
date of testing: 11.06.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

1A-10BC

D5:

753 Zeit: 00:01:15.30

1500

1000

500
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borehole: KFM01B

sample - no.: 1B-1AB

mean depth, m: 421.03

diameter, mm: 50.7

initial crack length, mm: 7.0

max. Force, kN: 2.46

KIC, MN/m3/2: 2.16

date of testing: 23.07.04

operated by F. Seebald, U. Weber
checked by U. Weber

1B-1AB

D5: 906 Feit: 00:01:30,60
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borehole: KFM01B

sample - no.: 1B-1BC

mean depth, m: 421.03

diameter, mm: 50.7

initial crack length, mm: 7.4

max. Force, kN: 2.49

KIC, MN/m3/2: 2.24

date of testing: 23.07.04

operated by F. Seebald, U. Weber
checked by U. Weber

1B-1BC

D5: 814 Zeit: 00:01:21.40
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borehole: KFM01B
sample - no.: 1B-2AB
mean depth, m: 421.60
diameter, mm: 50.7
initial crack length, mm: 7.4

max. Force, kN: 2.54
KIC, MN/m3/2: 2.29
date of testing: 23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

1B-2AB

D5:

957 Zeit: 00:01:35.70

2000

1500

1000
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borehole: KFM01B

sample - no.: 1B-2BC

mean depth, m: 421.60

diameter, mm: 50.7

initial crack length, mm: 7.4

max. Force, kN: 2.23

KIC, MN/m3/2: 2.01

date of testing: 23.07.04

operated by F. Seebald, U. Weber
checked by U. Weber

1500

1000

500
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borehole: KFM01B
sample - no.: 1B-3AB
mean depth, m: 428.09
diameter, mm: 50.8
initial crack length, mm: 7.3

max. Force, kN: 2.64
KIC, MN/m3/2: 2.35
date of testing: 23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

1B-3AB

D5: 1272 Zeit 00:02:07.20

2000

1500

1000
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borehole:

KFMO01B

sample - no.:

1B-3BC

mean depth, m:

428.09

diameter, mm:

50.8

initial crack length, mm:

7.0

max. Force, kN:

2.24

KIC, MN/m3/2:

1.96

date of testing:

23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

1B-3BC

D5:

77 Zeit: 00:01:11.70
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borehole: KFM01B
sample - no.: 1B-4AB
mean depth, m: 429.97
diameter, mm: 50.8
initial crack length, mm: 6.8

max. Force, kN: 2.12
KIC, MN/m3/2: 1.83
date of testing: 23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

1B-4AB

: 643 Zeit: 00:01:04,30

1500

1000
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borehole: KFM01B
sample - no.: 1B-4BC
mean depth, m: 429.97
diameter, mm: 50.8
initial crack length, mm: 6.8

max. Force, kN: 2.22
KIC, MN/m3/2: 1.92
date of testing: 23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

1B-4BC

D5: 811 Zeit: 00:01:21.10

1500

1000
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borehole: KFM01B

sample - no.: 1B-5AB

mean depth, m: 430.43

diameter, mm: 50.8

initial crack length, mm: 7.5

max. Force, kN: 3.06

KIC, MN/m3/2: 2.76

date of testing: 23.07.04

operated by F. Seebald, U. Weber
checked by U. Weber

D5: 821 Zeit: 00:01:22.10

1500 2000 2500 3000

1000
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borehole: KFM01B
sample - no.: 1B-5BC
mean depth, m: 430.43
diameter, mm: 50.8
initial crack length, mm: 6.9

max. Force, kN: 2.21
KIC, MN/m3/2: 1.92
date of testing: 23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

1B-5BC

D5: 802 Feit: 00:01:20.20

1500

1000

T T T T T
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borehole: KFM01B

sample - no.: 1B-6AB

mean depth, m: 455.13

diameter, mm: 50.8

initial crack length, mm: 6.5

max. Force, kN: 2.48

KIC, MN/m3/2: 2.10

date of testing: 23.07.04

operated by F. Seebald, U. Weber
checked by U. Weber
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borehole: KFM01B
sample - no.: 1B-6BC
mean depth, m: 455.13
diameter, mm: 50.8
initial crack length, mm: 7.0

max. Force, kN: 2.30
KIC, MN/m3/2: 2.01
date of testing: 23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

1B-6BC

D5: 729 Zeit: 00:01:12,90

1500

1000

T T T T
o007 008 o.09 o1

T T
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borehole: KFM01B

sample - no.: 1B-7AB

mean depth, m: 456.20

diameter, mm: 50.7

initial crack length, mm: 7.3

max. Force, kN: 2.24

KIC, MN/m3/2: 2.01

date of testing: 23.07.04

operated by F. Seebald, U. Weber
checked by U. Weber

1B-7AB . .DS: imz Zaill: 00:01:41.70
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borehole: KFM01B
sample - no.: 1B-7BC
mean depth, m: 456.20
diameter, mm: 50.7
initial crack length, mm: 7.4

max. Force, kN: 2.37
KIC, MN/m3/2: 2.14
date of testing: 23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

1B-7BC

D5:

735 Zeit: 00:01:13.50

1500

1000

500
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borehole: KFMO02A
sample - no.: 2A-1AB
mean depth, m: 220.84
diameter, mm: 50.9
initial crack length, mm: 7.3

max. Force, kN: 2.39
KIC, MN/m3/2: 2.12
date of testing: 23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

2A-1AB D5: 731 Zeit: 00:01:13.10
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borehole:

KFMO02A

sample - no.:

2A-1BC

mean depth, m:

220.84

diameter, mm:

50.9

initial crack length, mm:

7.5

max. Force, kN:

2.60

KIC, MN/m3/2:

2.34

date of testing:

23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

2A-1BC

D5: 761 Zeit: 00:01:16.10

1500

1000
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borehole: KFMO02A
sample - no.: 2A-2AB
mean depth, m: 226.04
diameter, mm: 50.9
initial crack length, mm: 7.2

max. Force, kN: 2.70
KIC, MN/m3/2: 2.38
date of testing: 23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

2A-2AB

D5: 856 Feit: 00:01:25,60

1500

1000
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borehole: KFMO02A
sample - no.: 2A-2BC
mean depth, m: 226.04
diameter, mm: 50.9
initial crack length, mm: 7.6

max. Force, kN: 2.53
KIC, MN/m3/2: 2.29
date of testing: 23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

2A-28C

D5: 745 Zeit: 00:01:14.50

1500

1000

T T T T T
o_08 0.0% o1 o.11 0.12
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borehole: KFMO02A
sample - no.: 2A-3AB
mean depth, m: 396.04
diameter, mm: 50.8
initial crack length, mm: 6.8

max. Force, kN: 2.48
KIC, MN/m3/2: 2.14
date of testing: 23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

2A-3AB

D5: 819 Zeit: 00:01:21.90

1500

1000

T T T
0.1 0.12 0.14

T
0.16
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borehole: KFMO02A

sample - no.: 2A-3BC

mean depth, m: 396.04

diameter, mm: 50.7

initial crack length, mm: 7.3

max. Force, kN: 2.43

KIC, MN/m3/2: 2.18

date of testing: 23.07.04

operated by F. Seebald, U. Weber
checked by U. Weber

A BC . ~D5__916 Zot 00013150

172




borehole:

KFMO02A

sample - no.:

2A-4AB

mean depth, m:

414.07

diameter, mm:

50.8

initial crack length, mm:

7.2

max. Force, kN:

2.55

KIC, MN/m3/2:

2.26

date of testing:

23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

2A-4AB

D5:

716 Zeit: 00:01:11.60

1500

1000
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borehole: KFMO02A
sample - no.: 2A-4BC
mean depth, m: 414.07
diameter, mm: 50.8
initial crack length, mm: 7.1

max. Force, kN: 2.19
KIC, MN/m3/2: 1.93
date of testing: 23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

2A-4BC

: 657 Zeit: 00:01:05.70

1500

1000

T T T T
o007 008 o.09 o1

T
0.11

T T
0.12 0.13 -
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borehole: KFMO02A

sample - no.: 2A-5AB

mean depth, m: 451.32

diameter, mm: 50.7

initial crack length, mm: 7.2

max. Force, kN: 2.60

KIC, MN/m3/2: 2.31

date of testing: 23.07.04

operated by F. Seebald, U. Weber
checked by U. Weber

A A . . . ) . . . D591t Zow 0001910
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borehole: KFMO02A
sample - no.: 2A-5BC
mean depth, m: 451.32
diameter, mm: 50.7
initial crack length, mm: 7.0

max. Force, kN: 2.34
KIC, MN/m3/2: 2.05
date of testing: 23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

2A-5BC

D5:

803 Zeit: 00:01:20,30

a :

s 1

a e
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borehole: KFMO02A
sample - no.: 2A-6AB
mean depth, m: 554.39
diameter, mm: 50.6
initial crack length, mm: 7.4

max. Force, kN: 2.59
KIC, MN/m3/2: 2.34
date of testing: 23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

2A-BAB

DS: 857 Zeit: 00:01:25.70

1500

1000

T T T
0.1 0.12 0.14

T
0.16
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borehole: KFMO02A
sample - no.: 2A-6BC
mean depth, m: 554.39
diameter, mm: 50.8
initial crack length, mm: 6.5

max. Force, kN: -

KIC, MN/m3/2: -

date of testing: 23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

sample broken during set-up, no test record




borehole: KFMO02A

sample - no.: 2A-7TAB

mean depth, m: 594.38

diameter, mm: 50.9

initial crack length, mm: 7.0

max. Force, kN: 2.50

KIC, MN/m3/2: 2.18

date of testing: 23.07.04

operated by F. Seebald, U. Weber
checked by U. Weber

2A-TAB

D5: 965 Feit: 00:01:36,50

1500

1000
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borehole: KFMO02A

sample - no.: 2A-7BC

mean depth, m: 594.38

diameter, mm: 50.8

initial crack length, mm: 6.9

max. Force, kN: 2.40

KIC, MN/m3/2: 2.09

date of testing: 23.07.04

operated by F. Seebald, U. Weber
checked by U. Weber

2A-TBC

D5: 876 Zeit: 00:01:27 60

1500

1000
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borehole: KFMO02A
sample - no.: 2A-8AB
mean depth, m: 602.92
diameter, mm: 51.0
initial crack length, mm: 6.7

max. Force, kN: 2.53
KIC, MN/m3/2: 2.15
date of testing: 23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

2A-BAB

D5: 746 Zeit: 00:01:14, 60

1500

1000

T T
o.1 0.12
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borehole: KFMO02A
sample - no.: 2A-8BC
mean depth, m: 602.92
diameter, mm: 51.0
initial crack length, mm: 7.3

max. Force, kN: 2.59
KIC, MN/m3/2: 2.29
date of testing: 23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

2A-8BC

D5: 783 Zeit: 00:01:18.30

1500

1000

T T
o.1 0.12
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borehole:

KFMO02A

sample - no.:

2A-9AB

mean depth, m:

699.83

diameter, mm:

50.8

initial crack length, mm:

7.0

max. Force, kN:

2.53

KIC, MN/m3/2:

2.21

date of testing:

23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

2A-9AB

D5: 770 Zeit: 00:01:17.00

1500

1000
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borehole:

KFMO02A

sample - no.:

2A-9BC

mean depth, m:

699.83

diameter, mm:

50.8

initial crack length, mm:

7.0

max. Force, kN:

2.47

KIC, MN/m3/2:

2.16

date of testing:

23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

2A-9BC DS: 783 Zeit: 00:01:18,30
o : : : :
= ' ' . '
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o~ ' ' . '
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borehole: KFMO02A
sample - no.: 2A-10AB
mean depth, m: 702.82
diameter, mm: 50.8
initial crack length, mm: 6.8

max. Force, kN: 2.46
KIC, MN/m3/2: 2.12
date of testing: 23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

2A-10AB

D5: 750 Zeit: 00:01:15.00

1500

1000

T T T T T
o_08 0.0% o1 o.11 0.12
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borehole: KFMO02A
sample - no.: 2A-10BC
mean depth, m: 702.82
diameter, mm: 50.8
initial crack length, mm: 7.0

max. Force, kN: 241
KIC, MN/m3/2: 2.11
date of testing: 23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

2A-10BC

D5: 802 Feit: 00:01:20.20

a :

s :

a eres
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borehole: KFMO4A
sample - no.: 4A-1AB
mean depth, m: 192.28
diameter, mm: 50.8
initial crack length, mm: 6.7

max. Force, kN: 2.62
KIC, MN/m3/2: 2.25
date of testing: 23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

4A_1AB

D5:

0 Zeit: D0:00:00,00

2000

1500

1000
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borehole: KFMO4A
sample - no.: 4A-1BC
mean depth, m: 192.28
diameter, mm: 50.8
initial crack length, mm: 6.6

max. Force, kN: 2.61
KIC, MN/m3/2: 2.22
date of testing: 23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

4A_1BC

D5:

757 Zeit: 00:01:15.70

2000

1500

1000
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borehole: KFMO4A
sample - no.: 4A-2AB
mean depth, m: 192.61
diameter, mm: 50.8
initial crack length, mm: 6.9

max. Force, kN: 2.73
KIC, MN/m3/2: 2.37
date of testing: 23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

4A_2AB

D5:

730 Zeit: 00:01:13,00

2500

2000

1500

1000
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borehole: KFMO4A
sample - no.: 4A-2BC
mean depth, m: 192.61
diameter, mm: 50.7
initial crack length, mm: 7.0

max. Force, kN: 2.64
KIC, MN/m3/2: 2.32
date of testing: 23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

4A_28C

D5:

859 Zeit: 00:01:25,90

2000

1500

1000

---------------------------------------------------------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------------------------------------------------------
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borehole: KFMO4A
sample - no.: 4A-3AB
mean depth, m: 260.31
diameter, mm: 50.7
initial crack length, mm: 6.7

max. Force, kN: 2.55
KIC, MN/m3/2: 2.24
date of testing: 23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

4A_3AB

D5: 744 Zeit: 00:01:14.40

2000

1500

1000

T T
o.1 0.12
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borehole: KFMO4A

sample - no.: 4A-3BC

mean depth, m: 260.31

diameter, mm: 50.7

initial crack length, mm: 0

max. Force, kN: 2.68

KIC, MN/m3/2: 1.43

date of testing: 23.07.04

operated by F. Seebald, U. Weber
checked by U. Weber

4A_3BC D5: 873 Zeit: 00:01:27.30
- 1 T T T T T T T T T
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borehole:

KFMO4A

sample - no.:

4A-4AB

mean depth, m:

527.63

diameter, mm:

50.7

initial crack length, mm:

6.6

max. Force, kN:

2.10

KIC, MN/m3/2:

1.80

date of testing:

23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

AA_4AB DS: 708 Zeit: 00:01:10,80
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borehole: KFMO4A
sample - no.: 4A-4BC
mean depth, m: 527.63
diameter, mm: 50.6
initial crack length, mm: 7.2

max. Force, kN: 2.14
KIC, MN/m3/2: 1.91
date of testing: 23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

4A_4BC

D5:

759 Zeit: 00:01:15.90

1500

1000
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borehole: KFMO4A
sample - no.: 4A-5AB
mean depth, m: 527.97
diameter, mm: 50.6
initial crack length, mm: 7.2

max. Force, kN: 2.24
KIC, MN/m3/2: 2.00
date of testing: 23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

4A_5AB

D5:

0 Zeit: D0:00:00,00

1500

1000

T T T T
008 0.0% 0.1 o.11
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borehole: KFMO4A

sample - no.: 4A-5BC

mean depth, m: 527.97

diameter, mm: 50.6

initial crack length, mm: 7.0

max. Force, kN: 1.99

KIC, MN/m3/2: 1.75

date of testing: 23.07.04

operated by F. Seebald, U. Weber
checked by U. Weber

D5: 686 Feit: 00:01:08.60

1500

1000

T
o1

T T T
0.11 0.12 0.13 -

196




borehole: KFMO4A
sample - no.: 4A-6AB
mean depth, m: 528.38
diameter, mm: 50.6
initial crack length, mm: 7.2

max. Force, kN: 2.30
KIC, MN/m3/2: 2.05
date of testing: 23.07.04

operated by

F. Seebald, U. Weber

checked by U. Weber
AA_BAB DS: 758 Zeit: 00:01:15.80
g. ........... freennnaaan {: .......... {enmmananan T ¥ T S T T T e T froseeranas | .......... Provnmannnn
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borehole: KFMO4A
sample - no.: 4A-6BC
mean depth, m: 528.38
diameter, mm: 50.7
initial crack length, mm: 7.4

max. Force, kN: 2.10
KIC, MN/m3/2: 1.89
date of testing: 23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

4A_BBC

D5:

705 Zeit: 00:01:10,50

1500

1000

T T T T T T
o_08 0.0% o1 o.11 0.12 0.13
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borehole: KFMO4A
sample - no.: 4A-7AB
mean depth, m: 528.79
diameter, mm: 50.6
initial crack length, mm: 7.2

max. Force, kN: 241
KIC, MN/m3/2: 2.15
date of testing: 23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

4A_TAB

D5: 734 Zeit: 00:01:13.40

1500

1000

T T
o.1 0.12
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borehole:

KFMO4A

sample - no.:

4A-7BC

mean depth, m:

528.79

diameter, mm:

50.7

initial crack length, mm:

7.0

max. Force, kN:

2.19

KIC, MN/m3/2:

1.92

date of testing:

23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

4A_7BC

: 6B Zeit: 00:01:08.40

a H 1 H
3 : H H
a7
1 ! H H
s i i 5
a4 “d- ke e
- i i H
a H H :
=1 : ! H
S -
- ' \ H
= i i i
[-Ep —ae- are-- s
- H 1 H
] ' : :
T T T T T
o oo 0.0z o.03 0.0 o007 0.08 o009 0.1 011 0.12 0.13 x|

200




borehole: KFMO4A
sample - no.: 4A-8AB
mean depth, m: 529.13
diameter, mm: 50.7
initial crack length, mm: 7.0

max. Force, kN: 2.12
KIC, MN/m3/2: 1.86
date of testing: 23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

4A_BAB

: 620 Zeit: 00:01:02,00

1500

1000

T T T T
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borehole: KFMO4A
sample - no.: 4A-8BC
mean depth, m: 529.13
diameter, mm: 50.7
initial crack length, mm: 6.7

max. Force, kN: 1.81
KIC, MN/m3/2: 1.56
date of testing: 23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

4A_BBC

D5:

610 Zeit: 00:01:01.00

1500

1000

T T T T T
o007 008 o.09 o1 0.11
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borehole:

KFMO4A

sample - no.:

4A-9AB

mean depth, m:

529.47

diameter, mm:

50.7

initial crack length, mm:

6.9

max. Force, kN:

2.14

KIC, MN/m3/2:

1.87

date of testing:

23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

4A_GAB

D5: 586 Zeit: 00:00:58.60

1500

1000

T T T T T T
0.05 o_oT 008 009 0.1 011
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borehole: KFMO4A
sample - no.: 4A-9BC
mean depth, m: 529.47
diameter, mm: 50.8
initial crack length, mm: 7.0

max. Force, kN: 2.07
KIC, MN/m®?; 1.81
date of testing: 23.07.04

operated by

F. Seebald, U. Weber

checked by

U. Weber

4A_9BC

: 648 Zeit: 00:01:04,80

1500

1000

T T T T T
o007 008 o.09 o1 0.11

T T
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Appendix D
Records of hydrofrac tests on mini-samples

Sample no.: 1A-1A

operator Schreiner/Weber/Witthaus

date 14.07.04 12:15-12:45

mean depth, m 423.17

axial load 61, MPa 20.82

confining pressure 63, MPa 18.21

breakdown pressure p., MPa 52.01

injection fluid TELLUS 32

injection rate, ml st 1

remarks axial fractured

Niﬁacln:l an 1A-1A DS: 153 Zeit: 00:00:21.42
ﬁ H H | H H H H | H H | H H H H H | H H H | H H H H

18

T T T T T T T T T T T T T T T T T T T T T T T T T T T
o 1 ¥4 3 4 5 & T L] 2 i 11 1z 13 14 15 1s 17 is 19 20 n -4 3 24 25 26 Sek

Vi =17.04 ml i 52.01 MPa aigma 1 20.82 MPa migma 3 18.21 MPa
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Sample no.: 1A-1C

operator Schreiner/Weber/Witthaus

date 14.07.04 13:15-13:30

mean depth, m 423.17

axial load o1, MPa 21.29

confining pressure 63, MPa 14.14

breakdown pressure p., MPa 46.25

injection fluid TELLUS32

injection rate, ml st 1

remarks axial fractured

Niﬁacln:l an 1A-1C DS: 172 Zeit: 00:00:24,08
b n H H H H H H H H H H H H H H H H H H H H H H H H H H H

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
o 1 ¥4 3 4 5 L3 T 8 ? 10 11 1z 13 14 15 1s 17 18 1% 20 21 22 I3 24 25 26 2T I8 Sek
Vi =14.581 ml i 46.25 MPa aigma 1 21.29 MPa migma 3 14.143 MPa
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Sample no.: 1A-2B

operator Weber/Witthaus

date 14.07.04 09:30-09:50
mean depth, m 424.83

axial load 61, MPa 23.88
confining pressure 63, MPa 10.02
breakdown pressure p., MPa 44.13
injection fluid TELLUS32
injection rate, ml st 1

remarks axial fractured

nifractest an 1A-2B D5: 137 Zeit: 00:00:19.18

M
@
~
-
o~
-
-~
-~
-~
=
&
@
-
-
-
-
-
o
-
=
-

i T T T T T T T T T T T T T T T T T T T T T T T T
o 1 2 3 4 5 & T 8 5 1 11 1z 13 14 15 16 17 18 1% 20 21 22 23 24 Sek
Pi 44.13 MPa I aigma 3 10.02 MPa aigma 1 23.88 MPa Vi 15.10 ml
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Sample no.: 1A-2C

operator Schreiner/Weber/Witthaus

date 14.07.04 11:15-11:30

mean depth, m 424.83

axial load 61, MPa 13.18

confining pressure 63, MPa 3.96

breakdown pressure p., MPa 34.11

injection fluid TELLUS32

injection rate, ml st 1

remarks axial fractured

Minifractest an 14-2C DS: 129 Zeit: 00:00:18,06
B 9 9 T . . . 9 I T T 5> 5 5T T T T
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Sample no.: 1A-3A

operator Vogt

date 24.08.04 10:30-10:40

mean depth, m 428.17

axial load 61, MPa 37.20

confining pressure 63, MPa 29.98

breakdown pressure p., MPa 66.28

injection fluid TELLUS32

. -1

injection rate, ml s 1

remarks axia fractured

Minifractest an 14-3A DS: 183 Zeit: 00:00:25.62

.E . H H ¥ H H 1 4 H H 1 b H H 1 H H H 1 b H 1 ' H ‘ 1 ' H H

@
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=
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- . 1

b : '

- ; i ;

-] v B

o e : e

By - B

s : ; ;

- N 1 o

@

@

ol i ;

o]

= = i E i " " . . ' ' . . i
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
e 1 2 3 4 5 & T # % 10 11 12 13 14 15 16 1T 18 19 20 X 22 23 24 25 26 IT M = Sek

Vi 22.65 ml Pi 66.28 MPa u:i.gln_‘l. 37.20 MPa aigma_B 25.58 MPa
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Sample no.: 1A-3C

operator Schreiner/V ogt

date 24.08.04 11:30-11:40
mean depth, m 428.17
axial load 61, MPa 30.44

confining pressure 63, MPa 25.54
breakdown pressure p., MPa 63.95
injection fluid TELLUS32
injection rate, ml st 1

remarks

axia and inclined fractured

Minifractest an 14-3C
o H

26
r

14 16 18 20 22 24
50 50 10

12
40

10
0

D5:

208 Zeit: 00:00:29.12

10

T T T T T
1z 14 1s 18 20

30.44 MPa migma 3

T T T
=z 24 26
25.54 MPa
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Sample no.: 1A-4A

operator Vogt

date 24.08.04 13:50-14:10

mean depth, m 484.59

axia load o1, MPa 34.59

confining pressure 63, MPa 22.58

breakdown pressure p., MPa 56.46

injection fluid TELLUS32

injection rate, ml st 1

remarks axial fractured

Niﬁacln:l alr 1A-4\AI i i . i ] i . i i i i i i i i i i i i DS: i 160 IZla'l: l]ll]:III:ZIZ,Il]

i T T T T T T T T T T T T T T T T T T T T T T T T T
o 1 2 3 4 5 5 7 8 5 W 11 12 13 14 15 16 17 18 1% 20 21 22 23 24 25 Sek
Vi 15%.84 ml Pi 56.46 MPa aigma 1 34.59 MPa aigma 3 22.58 MPa
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Sample no.: 1A-4C

operator Schreiner/V ogt

date 24.08.04 14:20-15:10

mean depth, m 484.59

axial load 61, MPa 25.18

confining pressure 63, MPa 11.50

breakdown pressure p., MPa 39.87

injection fluid TELLUS32
injection rate, ml st 1

remarks inclined fractured

Minifractest an 1A-4C
-] T T

D5:

130 Zeit: 00:00:18.20

12 14 16 18 20 22
[ 5

10

8
10 15 20 25 30 35
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Sample no.: 1A-5A

operator K Uperkoch/Schreiner/V ogt
date 24.08.04 15:30-15:40
mean depth, m 489.95

axial load 61, MPa 28.37
confining pressure 63, MPa 22.23
breakdown pressure p., MPa 50.51

injection fluid TELLUS32
injection rate, ml st 1

remarks

axia fractured

Minifractest an 14_5A
-] T T

D5:

163 Zeit: 00:00:22. 82

12 14 16 18 20 22

10

H
10 15 20 25 30 35

T T T T T T T T T T T T T T T T T T T T T T
L3 T 8 2 10 1 i1z 13 14 15 s ir is 19 0 Fal 2 3 24 25 26 Sek

50.51 MPa aigma 1 26.37 MPa migma 3 22.23 MPa
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Sample no.: 1A-5C

operator Kuperkoch

date 25.08.04 09:20-09:30

mean depth, m 489.95

axial load 61, MPa 35.71

confining pressure 63, MPa 24.68

breakdown pressure p., MPa 66.34

injection fluid TELLUS32

injection rate, ml st 1

remarks axial and inclined fractured

Minifractest an 14_5c1
-] T T T

D5: 191 Zeit: 00:00:26.74

26
r

14 16 18 20 22 24

12

10

Vi 22.3% ml i 66.34 MPa aigma 1 35.71 MPa migma 3

T T T T T T T T T T T T T T T T
14 15 1s 17 18 1% 20 21 22 I3 24 25 26 2T I8 Sek
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Sample no.: 1A-6A

operator KUperkoch/Schreiner

date 25.08.04 10:10-10:20

mean depth, m 504.69

axia load o1, MPa 29.39

confining pressure 63, MPa 23.89

breakdown pressure p., MPa 62.71

injection fluid TELLUS32

. -T
injection rate, ml s 1

remarks axia fractured

Minifractest an 1A_BA DS: 185 Zeit: 00:00:25,90
-] T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

10 12 14 16 18 20 22
[ 5

H
10 15 20 25 30 35

i T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
o 1 2 3 4 S5 & T 8 % 10 11 1z 13 14 15 16 17 18 1% 20 21 P2 23 24 25 26 27 28 Sek
Vi 21.73 ml Pi 62.71 MPa aigma 1 29.39 MPa aigma 3 23.85 MPa

215




Sample no.: 1A-6C

operator Kuperkoch/Schreiner

date 25.08.04 11:00-11:10

mean depth, m 504.69

axial load 61, MPa 31.06

confining pressure 63, MPa 26.82

breakdown pressure p., MPa 68.32

injection fluid TELLUS32

injection rate, ml st 1

remarks axial fractured

Niﬁacln:l an 1A_BC DS: 192 Zeit: 00:00:26.88
s ﬁ | H H | H H | | H H | H H | H H | H H | | H H | H H | H H

26
r

14 16 18 20 22 24

12

10

i T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
o 1 2 3 4 S5 & T 8 % 10 11 1z 13 14 15 16 17 18 1% 20 21 P2 23 24 25 26 27 28 Sek
Vi 22.84 ml Pi 68.32 MPa aigma 1 31.06 MPa aigma 3 26.82 MPa
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Sample no.: 1A-7A

operator KUperkoch/Schreiner
date 25.08.04 12:00-12:10
mean depth, m 688.13
axial load 61, MPa 37.64
confining pressure 63, MPa 28.82

breakdown pressure p., MPa 57.24

injection fluid

TELLUS32

L -T
injection rate, ml s

1

remarks

axia fractured

Minifractest an 1A_7A
-] T T

D5:

176 Zeit: 00:00:24 64

16 18 20 22

14

12

10

H
10 15 20 25 30 35

T T T T T T T T T T T T T T T T T T T T T T
L3 T 8 2 10 1 i1z 13 14 15 s ir is 19 0 Fal 2 3 24 25 26 Sek

57.24 MPa aigma 1 37.64 MPa migma 3 28.82 MPa
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Sample no.: 1A-7C

operator Kuperkoch

date 26.08.04 09:10-09:20

mean depth, m 688.13

axial load 61, MPa 14.55

confining pressure 63, MPa 8.28

breakdown pressure p., MPa 32.12

injection fluid TELLUS32

injection rate, ml st 1

remarks axial fractured

Niﬁacln:l an 1A_7C DS: 111 Zeit: 00:00:15,54
ﬁ H H ' H ' H
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Sample no.: 1A-8A

operator KUperkoch/Schreiner

date 25.08.04 12:20-12:30

mean depth, m 950.0

axial load 61, MPa 24.28

confining pressure 63, MPa 20.80

breakdown pressure p., MPa 62.61

injection fluid TELLUS32

L -T
injection rate, ml s 1

remarks axia fractured

Minifractest an 14_BA DS: 182 Zeit: 00:00:25.48

|

ECHE G RN R0
50 ili illl Sli '!J'DIPI

12
5

10
3

i T T T T T T T T T T T T T T T T T T T T T T T T T T T
o 1 2z 3 4 5 E T 8 5 10 11 12 13 14 15 16 17 18 1% 20 21 22 23 24 25 26 Sek
Vi 21.55 ml Pi 62.61 MPa aigma 1 24.28 MPa aigma 3 20.80 MPa
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Sample no.: 1A-8C

operator Kuperkoch/Schreiner

date 25.08.04 12:50-13:00

mean depth, m 950.0

axial load 61, MPa 30.94

confining pressure 63, MPa 21.63

breakdown pressure p., MPa 64.36

injection fluid TELLUS32

L -T
injection rate, ml s 1

remarks axia fractured

Minifractest an 1A_BC DS: 184 Zeit: 00:00:25.76
-] T T T T T T T T T T T T T T T T T T T T T T T T T T T T

14 16 18 20 22
[ 5

12

10

H
10 15 20 25 30 35

i T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
o 1 2 3 4 S5 & T 8 % 10 11 1z 13 14 15 16 17 18 1% 20 21 P2 23 24 25 26 27 28 Sek
Vi 21.80 ml Pi 64.36 MPa aigma 1 30.94 MPa aigma 3 21.63 MPa
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Sample no.: 1A-9A

operator KUperkoch/Schreiner

date 25.08.04 13:20-13:40

mean depth, m 971.57

axial load 61, MPa 24.06

confining pressure 3, MPa 17.94

breakdown pressure p., MPa 57.73

injection fluid TELLUS32

injection rate, ml st 1

remarks axial fractured

Minifractest an 14_94 DS: 175 Zeit: 00:00:24,50
1_ ﬁ H H | H | H | H | H 1 H H | H | H | H | H H H H | H | H

12 14

10
3

i T T T T T T T T T T T T T T T T T T T T T T T T T T T T
o 1 2z 3 4 S5 & T 8 % 1 11 12 13 14 15 16 1T 18 1% 20 2 22 23 24 25 26 27 Sek
Vi 20.15 ml Pi 57.73 MPa aigma 1 24.06 MPa aigma 3 17.54 MPa
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Sample no.: 1A-9C

operator Kuperkoch

date 25.08.04 14:50-15:00

mean depth, m 971.57

axial load 61, MPa 16.11

confining pressure 63, MPa 12.49

breakdown pressure p., MPa 42.08

injection fluid TELLUS32

injection rate, ml st 1

remarks axial fractured

Niﬁacln:l an :IA_S[: i DS: II3B Zn'll: nn:mlm,az
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Sample no.: 1A-10A

operator Kuperkoch/Schreiner

date 25.08.04 15:20-15:30

mean depth, m 978.53

axial load 61, MPa 18.82

confining pressure 63, MPa 16.45

breakdown pressure p., MPa 69.07

injection fluid TELLUS32

injection rate, ml st 1

remarks axial fractured

Niﬁacln:l aln 1A_IIIJA i i i i i i ] i i i i i i i i i ] i i . i i IJS:I I?Z an'l: l]l]:IIII:ZGI,SB

i T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
o 1 2 3 4 S5 & T 8 % 10 11 1z 13 14 15 16 17 18 1% 20 21 P2 23 24 25 26 27 28 Sek
Vi 22.86 ml Pi 6%.07 MPa aigma 1 1E.B2 MPa aigma 3 16.45 MPa
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Sample no.: 1A-10C

operator K uperkoch/Schreiner

date 25.08.04 15:50-16:00

mean depth, m 978.53

axial load 61, MPa 19.23

confining pressure 63, MPa 15.97

breakdown pressure p., MPa 49.35

injection fluid TELLUS32

injection rate, ml st 1

remarks axial fractured

Niﬁacln:l a||I 141 l]l[: i i i i i i . i . i i i i . i i i i DS: i I‘BI Zeit: llll]:III:ZIl],?Z

12 14 16 18 20 22

10

i T T T T T T T T T T T T T T T T T T T T T T T T
o 1 z 3 L] 5 L3 T 8 2 10 1 1z 13 14 15 s ir is8 19 0 n 2 =] 24 Sek
Vi 17.35 ml i 4%5.35 MPa aigma 1 19.23 MPa migma 3 15.57 MPa
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Sample no.: 1B-1A

operator Vogt/Witthaus

date 09.08.04 09:00-09:10

mean depth, m 421.03

axial load 61, MPa 31.41

confining pressure 63, MPa 29.75

breakdown pressure p., MPa 42.88

injection fluid TELLUS32

. -1

injection rate, ml s 1

remarks axia fractured, Refrac?

Mmnifractest an 1B-1A DS: 122 Zeit: 00:00:17.08
'i ﬁ H H H H H H H H H H H H H H H H H H H H H H H H H H H H H

1§

10

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
o 1 ¥4 3 4 5 L3 T 8 ? 1o 11 17 13 14 15 1s 17 18 1% 20 21 22 23 24 25 2% 2T I8 Sek
Vi 15.67 ml i 42 .88 MPa aigma 1 31.41 MPa migma 3 25.75 MPa
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Sample no.: 1B-1C

operator Vogt/Witthaus

date 09.08.04 10:10-10:20
mean depth, m 421.03
axial load 61, MPa 11.49
confining pressure 63, MPa 7.55
breakdown pressure p., MPa 24.22
injection fluid TELLUS32
injection rate, ml st 1

remarks

axia and inclined fractured

Minifractest an 18-1C
g T

D5: 76 Zeit: 00:00:10.64

™
sl

o
-

r
24 26 208 HP
i i i

10 12 14 16 18 20 22
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Sample no.: 1B-2A

operator Vogt/Witthaus

date 09.08.04 15:10-15:20

mean depth, m 421.60

axial load 61, MPa 13.86

confining pressure 63, MPa 10.21

breakdown pressure p., MPa 50.93

injection fluid TELLUS32

L -T
injection rate, ml s 1

remarks axia fractured

Minifractest an 18-2A D5: 152 Zeit: 00:00:21.28

Li-EE R R

18 20 22

16

14

12

15

10

T T T T T T T T T T T T T T T T T T T T T T T T T T T T
o 1 2z 3 4 5 L3 T 8 2 10 1 i1z 13 14 15 s ir is 19 0 Fal 2 = 24 25 26 Sek
Vi 1%.055 ml i 50.53 MPa aigma 1 13.86 MPa migma 3 10.21 MPa
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Sample no.: 1B-2C

operator K Uperkoch/V ogt/Witthaus
date 10.08.04 11:10-11:30
mean depth, m 421.60

axia load 61, MPa 29.85
confining pressure 3, MPa 23.41
breakdown pressure p., MPa 56.39

injection fluid TELLUS32
injection rate, ml st 1

remarks

inclined fractured

Minifractest an 18-2C
-] T T

D5:

176 Zeit: 00:00:24 64

14 16 18 20 22

12

10

T T T T T T T T T
o 1 ¥4 3 4 5 L3 T 8

T T T T T T T T T T T T T T T T T T T T T
? 10 11 1z 13 14 15 1s 17 18 1% 20 21 22 I3 24 25 26 2T I8 Sek

Vi 22.508 ml i 56.35% MPa aigma 1 29_.85 MPa migma 3 23.41 MPa
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Sample no.: 1B-3A

operator K Uperkoch/V ogt/Witthaus
date 10.08.04 13:10-13:20
mean depth, m 428.09

axia load 61, MPa 13.85

confining pressure 63, MPa 8.37
breakdown pressure p., MPa 28.03
injection fluid TELLUS32
injection rate, ml st 1

remarks

axia fractured

Minifractest an 18-3A
-] T T

16

14

12

10

D5: 102 Zeit: 00:00:14.28

T T T T T T T T T T T T T
T 8 2 10 1 1z 13 14 15 16 ir 18 19 Sek

8.365 MPa

13.85 MPa migma 3
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Sample no.: 1B-3C

operator

K Uperkoch/V ogt/Witthaus

date

10.08.04 14:10-14:20

mean depth, m

428.09

axia load o1, MPa

36.26

confining pressure 63, MPa

28.18

breakdown pressure p., MPa

59.40

injection fluid

TELLUS32

L -T
injection rate, ml s

1

remarks

axia fractured

Minifractest an 18-3C

"

=
f-&

18

16
50

14

D5: 170 Zeit: 00:00:23.80

30
L

20
i

10

T T T
L3 T 8

T T T T T T T T T T T T T T T T T T T T
? 1o 11 17 13 14 15 1s 17 18 1% 20 21 22 23 24 25 2% 2T I8

Vi 21.66% ml i

5%.40 MPa

aigma 1 36.26 MPa aigma 3 28.18 MPa
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Sample no.: 1B-4A

operator Vogt/Witthaus

date 09.08.04 14:20-14:30

mean depth, m 429.97

axia load o1, MPa 22.43

confining pressure 63, MPa 16.12

breakdown pressure p., MPa 40.84

injection fluid TELLUS32

. -1

injection rate, ml s 1

remarks axia fractured

Minifractest an 1B-4A DS: 127 Zeit: 00:00:17.78
A E T H H T T T T T T H H T T T T T T T T T T

14

12

0

T T T T T T T T T T T T T T T T T T T T T T
o 1 F4 3 4 5 L3 T 8 ? 10 11 1z 13 14 s 16 ir 18 19 20 Z1 Sek
Vi 16.071 ml i 40.84 MPa aigma 1 22.43 MPa migma 3 16.124 MPa
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Sample no.: 1B-4C

operator Vogt/Witthaus

date 10.08.04 14:20-14:30

mean depth, m 429.97

axial load 61, MPa 40.89

confining pressure 63, MPa 29.96

breakdown pressure p., MPa 132.42

injection fluid TELLUS32

injection rate, ml st 1

remarks sealing in injection line, axia fractured

Niﬁacln:l a||I 18--I.l:I . ] . . . . . ) . . . . . ] . . . . DS: . 294‘ Zeit: lr]l]:l]]:l‘l,l B

T T T T T T T T T T T T T T T T T T T T T T T T T
o z 4 L3 8 i 1z 14 16 18 20 2z 24 Fid 8 30 3z 34 36 38 40 42 44 45 48 Sek

Vi 38.230 ml i 132.42 MPa aigma 1 40.89 MPa migma 3 25.5964 MPa
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Sample no.: 1B-5A

operator K Uperkoch/V ogt/Witthaus

date 10.08.04 15:00-15:20

mean depth, m 430.43

axia load 61, MPa 32.41

confining pressure 3, MPa 25.42

breakdown pressure p., MPa 81.55

injection fluid TELLUS32

injection rate, ml st 1

remarks axia and inclined fractured

Niﬁacln:l an 1B-5A DS: 208 Zeit: 00:00:2912
ﬁ H H H H H H H H H H H H H H H - H

26
r

14 16 18 20 22 24

12

10

T T T T T T T T T T T T T T T T T T
o z 4 L3 8 i 1z 14 16 is 20 2z 24 26 8 30 3z 34 Sek

Vi 26.51% ml i 81.55 MPa aigma 1 32.41 MPa migma 3 25.42 MPa
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Sample no.: 1B-5C

operator K Uperkoch/V ogt/Witthaus

date 10.08.04 09:10-09:30

mean depth, m 430.43

axial load 61, MPa 10.97

confining pressure 63, MPa 5.62

breakdown pressure p., MPa 51.54

injection fluid TELLUS32

injection rate, ml st 1

remarks axial fractured

Niﬁacln:l aln 1B-§l: i i i i i i ] i i i i i i i i i ] i i . i i IJS:I I.‘3 an'l: l]l]:I[I]:Zl]I,OZ

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
o 1 ¥4 3 4 5 L3 T 8 ? 10 11 1z 13 14 15 1s 17 18 1% 20 21 22 I3 24 25 26 2T I8 Sek
Vi 18.165 ml i 51.54 MPa aigma 1 10.97 MPa migma 3 5.622 MPa
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Sample no.: 1B-6A

operator K Uperkoch/V ogt/Witthaus

date 10.08.04 10:10-10:30

mean depth, m 455.13

axial load 61, MPa 55.52

confining pressure 63, MPa 25.02

breakdown pressure p., MPa 72.63

injection fluid TELLUS32

injection rate, ml st 1

remarks axial and inclined fractured

Niﬁacln:l an 1B-BA DS: 181 Zeit: 00:00:25,34
ﬁ ' H H ' H H H ' H H ' H H ' H H ' H H ' ' H H ' H H H H

10 12 14 16 18 20 22 24 26 28

T T

i T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
o 1 2 3 4 S5 & T 8 % 10 11 1z 13 14 15 16 17 18 1% 20 21 P2 23 24 25 26 27 28 Sek
Pi T2.63 MPa aigma 3 25.02 MPa aigma 1 55.52 MPa Vi 22.01 ml
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Sample no.: 1B-6C

operator K Uperkoch/V ogt/Witthaus

date 10.08.04 16:00-16:20

mean depth, m 455.13

axial load 61, MPa 15.36

confining pressure 3, MPa 12.24

breakdown pressure p., MPa 42.06

injection fluid TELLUS32

injection rate, ml st 1

remarks axial fractured

Minifractest an 1B-6C DS: 135 Zeit: 00:00:18,90
'i ﬁ H H | H H | H H H H | H H H H | H H | H H H H

@ | w H H ' ' H ' i H H i ' H H H H | : H i H + 1 H
b = e st T T e e T T e T T e e O LT PEEEEES

16

14

12

0

T T T T T T T T T T T T T T T T T T T T T T T T
o 1 z 3 4 5 L3 T 8 9 i 11 1z 13 14 15 16 ir s 19 20 n 2z 23 Sek

Vi 16.367 ml i 42 .06 MPa aigma 1 15.36 MPa migma 3 12.24 MPa
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Sample no.: 1B-7A

operator K Uperkoch/V ogt/Witthaus
date 10.08.04 15:30-15:40
mean depth, m 456.20

axial load 61, MPa 22.33
confining pressure 63, MPa 16.92
breakdown pressure p., MPa 50.81

injection fluid TELLUS32
injection rate, ml st 1

remarks axial fractured

Minifractest an 1B-7A
-] T T

D5: 147 Zeit: 00:00:20,58

T T T T T T T T T T T T T T T
9 i 11 1z 13 14 15 16 ir s 19 20 Fal 2z 23 Sek

Vi 18.656 ml i

16.52 MPa
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Sample no.: 1B-7C

operator Vogt/Witthaus

date 10.08.04 15:40-16:00

mean depth, m 456.20

axial load 61, MPa 21.70

confining pressure 63, MPa 20.16

breakdown pressure p., MPa 30.74

injection fluid TELLUS32
injection rate, ml st 1

remarks inclined fractured

nifractest an 1B-7C D5: 92 Zeit: 00:00:12.88

M
u

18
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Sample no.: 2A-1A

operator K Uperkoch/V ogt/Witthaus

date 11.08.04 09:30-09:50

mean depth, m 220.84

axial load 61, MPa 22.85

confining pressure 63, MPa 20.07

breakdown pressure p., MPa 53.67

injection fluid TELLUS32

injection rate, ml st 1

remarks axial fractured, Refrac?

Minifractest an 24-1A Refrac DS5: 151 Zeit: 00:00:21.14
) [1} 2 4 6 8 10 1|2 14 1|6 18 20 22 24 26 28 Sek|

Vi 15.827 ml Fi 53.687 MPa Sigma 1 22.85 MPa Sigmsa 3 Z20.07 MPa
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Sample no.: 2A-1C

220.84
15.46

10.04
43.36

TELLUS32

axia fractured

=
e
=lo
o
e
03
2|&
5|19
mm
(o0}
23
< |9
—
(o]
B
(]
ol
OoO|©

mean depth, m

axia load o1, MPa

confining pressure 63, MPa
breakdown pressure p., MPa

injection fluid

injection rate, ml s

remarks

DS:

Minifractest an 2A-1C

130 Zeit: 00:00:18.20

'
'
'
'
oLl __Ll___._

[P [ [ N ———

RSN I I ——

'
|
|
1

-

LSS N I ——

oY

S [

N [

RS [N

R N I

12 Sek

i3
10.043 MPa

Sigma 3

15.46 MFPa

43.36 MPa |sigma 1

[F1

16.601 ml

Vi
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Sample no.: 2A-2A

operator K Uperkoch/V ogt/Witthaus

date 11.08.04 11:30-11:50

mean depth, m 226.04

axia load o1, MPa 34.87

confining pressure 63, MPa 30.51

breakdown pressure p., MPa 44.98

injection fluid TELLUS32

. -T
injection rate, ml s 1

remarks axia fractured, Refrac?

Minifractest an 2A-24 DS: 137 Zeit: 00:00:19.18

[ o]
E q &
=

o
=N -]
P

o
=1}

Vi 17.298 ml Fi 44.95 MPa Sigma 1 34.837 MFa Sigmsa 3 30.51 MFa
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Sample no.: 2A-2C

operator Vogt/Witthaus

date 11.08.04 13:30-13:50

mean depth, m 226.04

axial load 61, MPa 29.70

confining pressure 63, MPa 25.01

breakdown pressure p., MPa 61.56

injection fluid TELLUS32

injection rate, ml st 1

remarks axial fractured

Minifractest an 2A-2C D5: 172 Zeit: 00:00:24.08
Vi 21.517 ml Fi 61.56 MPa sig‘ma_l 29.70 MPa sig‘ma_3 25.006 MFPa
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Sample no.: 2A-3A

operator Vogt/Witthaus

date 11.08.04 14:30-14:50

mean depth, m 396.04

axia load o1, MPa 45.00

confining pressure 3, MPa 17.74

breakdown pressure p., MPa 44.99

injection fluid TELLUS32

injection rate, ml st 1

remarks axial fractured

Minifractest an 24-34 DS: 151 Zeit: 00:00:21.14
) i Il] é 41 é lll illl 1|2 1:4 1|6 1|8 2Ill 2I2 2I4 ZIG le Sek|

Fi 44.99 MFa Sigms 3 17.74 MPa Sigma 1 45.00 MPa Vi 15.61 ml
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Sample no.: 2A-3C

operator KUperkoch/V ogt

date 11.08.04 15:30-15:50

mean depth, m 386.04

axial load 61, MPa 23.11

confining pressure 63, MPa 17.38

breakdown pressure p., MPa 50.34

injection fluid TELLUS32

injection rate, ml st 1

remarks axial fractured

Minifractest an 24-3C DS: 145 Zeit: 00:00:20.30
Vi 15.61 ml Fi 50.34 MPa Sigma_1 23.11 MPa sigma_3 17.35 MFa
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Sample no.: 2A-4A

Vogt

10:30

13.08.04 09:30-

operator
date

3
N S
B |8
N~ ) e
S2z [
<X |eld &
F2IRICF|— |8
o
£)S
5 S
%%m 1S
s m E
m1,_ 52| o
glolgcl2 B
o =] =
SRR EEEE:
mumemm
E| &8 35/E|E|D

DS:

Minifractest an 2A-4A

213 Zeit: 00:00:29.82

Y

||||||||||||||||||||||||||

S

a

Edi

(L]

B 29.52 HPa

Sigma 3

49.49 MFa

79.64 MPa |sigma 1

[F1

26,303 ml

Vi
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Sample no.: 2A-4C

operator Vogt

date 13.08.04 12:30-12:40

mean depth, m 414.07

axial load 61, MPa 28.76

confining pressure 63, MPa 22.49

breakdown pressure p., MPa 58.15

injection fluid TELLUS32

L -T
injection rate, ml s 1

remarks axia fractured

Minifractest an 2A-4C DS: 188 Zeit: 00:00:26.32

[ o]
E ] &
=

=
[

le]

(=]
[~}

15

10
30

'
T T T T T T T T T
L] 2 4 6 8 10 12 14 16 18 20 22 24 26 28 Sek|

Vi 21.332 ml Fi 58.15 MPa Sigma 1 28.76 MFa Sigmsa 3 ZZ.485 MPa
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Sample no.: 2A-5A

operator Vogt

date 16.08.04 14:50-15:00

mean depth, m 451.32

axial load 61, MPa 12.08

confining pressure 63, MPa 7.64

breakdown pressure p., MPa 39.20

injection fluid TELLUS32

L -T
injection rate, ml s 1

remarks axia fractured

Minifractest an 2A-54 DS: 120 Zeit: 00:00:16.80

—
E

45 MPa

o
—

o
=1}

40

T
[1} 1 2 3 4 5 6 7 8 3 10 11 12 13 14 15 16 17 18 19 Sek|
|Vi 15.51 ml Fi 39.20 MPa Sigma 1 12.05 MPa Sigmsa 3 7.6494 MPa
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ot

Vo

15:50

16.08.04 15:30-

451.32
11.37

5
2

.60
9

34

TELLUS32

axia fractured

1]

DS:

Zeit: 00:00:12.74
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Minifractest an 2A-5C

confining pressure 63, MPa
breakdown pressure p., MPa

injection fluid

Sample no.: 2A-5C
injection rate, ml s

axia load o1, MPa
remarks

operator
date
mean depth, m
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Sample no.: 2A-6A

operator Vogt

date 16.08.04 16:20-16:30

mean depth, m 554.39

axial load 61, MPa 19.25

confining pressure 63, MPa 6.42

breakdown pressure p., MPa 35.62

injection fluid TELLUS32

L -T
injection rate, ml s 1

remarks axia fractured

Minifractest an 2A-GA DS: 103 Zeit: 00:00:14.42

[ o]
E q &
=

o
—

[%-]
=1}

T
[1} 1 2 3 4 5 6 7 8 3 10 11 12 13 14 15 16 17 18 19 Sek|
Vi 14.06 ml Fi 35.62 MPa Sigma 1 19.25 MPa Sigmsa 3 6.42 MPa
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Sample no.: 2A-6C

operator Schreiner/V ogt

date 17.08.04 10:10-10:30

mean depth, m 554.39

axial load 61, MPa 36.22

confining pressure 63, MPa 28.67

breakdown pressure p., MPa 77.43

injection fluid TELLUS32

injection rate, ml st 1

remarks axial fractured

Minifractest an 24-6C DS5: 201 Zeit: 00:00:28.14
) i Il] ¢:‘! ‘Il é l:i 1|l] 1|2 1|4 1I6 1I8 2Ill 2I2 2I4 2|6 2|8 3|ll 3I2 3|4 Sek|

Vi 25.14 ml Fi 77.43 MPa Sigma 1 36.22 MPa Sigmsa 3 256.687 MPa
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Sample no.: 2A-7A

operator Schreiner/V ogt

date 23.08.04 15:50-16:10
mean depth, m 594.38
axial load 61, MPa 40.23
confining pressure 63, MPa 29.39
breakdown pressure p., MPa 60.80
injection fluid TELLUS32
injection rate, ml st 1

remarks

axia and inclined fractured

Minifractest an 2A-7TA
-] T H T

26
r

14 16 18 20 22 24

12

D5: 175 Zeit: 00:00:24,50

10

i T T T T T T T T
o 1 2 3 4 S5 & T 8

T T T T T
? w0 11 1z 13

Vi 21.78 ml i 60.83 MPa aigma 1 40.21 MPa migma 3

T T T T T T T T T T T T T T T T
14 15 1s 17 18 1% 20 21 22 I3 24 25 26 2T I8 Sek
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Sample no.: 2A-7C

operator Schreiner/V ogt

date 23.08.04 14:30-14:50
mean depth, m 594.38
axial load 61, MPa 23.05
confining pressure 63, MPa 15.38
breakdown pressure p., MPa 47.14
injection fluid TELLUS32
injection rate, ml st 1

remarks

axia fractured

Minifractest an 2A-7C
-] T T

D5:

137 Zeit: 00:00:19.18

12 14 16 18 20 22
5

10

8
10 15 20 25 30 35
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Sample no.: 2A-8A

operator Vogt

date 23.08.04 16:40-16:50

mean depth, m 602.92

axial load 61, MPa 23.41

confining pressure 63, MPa 18.78

breakdown pressure p., MPa 54.29

injection fluid TELLUS32

injection rate, ml st 1

remarks axial fractured

Niﬁacln:l alr ZAIMI i i . i ] i . i i i i i i i i i i i i DS: i 159 IZla'l: l]ll]:l]]:ZIZ,ZB

16 18 20 22

14

12

10

H
10 15 20 25 30 35

i T T T T T T T T T T T T T T T T T T T T T T T T T
o 1 2 3 4 5 5 7 8 5 W 11 12 13 14 15 16 17 18 1% 20 21 22 23 24 25 Sek
Vi 15%.88 ml Pi 54.25 MPa aigma 1 23.41 MPa aigma 3 18.78 MPa
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Sample no.: 2A-8C

operator Vogt

date 16.08.04 13:20-13:30

mean depth, m 602.92

axial load 61, MPa 38.59

confining pressure 63, MPa 27.33

breakdown pressure p., MPa 64.95

injection fluid TELLUS32

injection rate, ml st 1

remarks axial fractured

MINIFRACTEST AN 2A-8C DS: 172 Zeit: 00:00:24,08
a 1 | | | H H H | | | H H H H | | | H H H | | | H H

70

0

10

Vi 21.85 ml Fi 64.95 MPa aigma 1 36.59 MFPa aigma 3 27.33 MPa
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Sample no.: 2A-9A

Vogt

11:30

16.08.04 11:10-

operator
date

3
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&0 10 | [0 |~ =
BNy =
&EHMle
o
£)S
3 S
%%m 1S
s m E
m1,_ 5812 o
glolgcl2 B
o =] =
SEEEHEEE
mmmemm
E| &8 35/E|E|D

Minifractest an 2A-94A

............ L
.....
.....
.....
..... 1
SR P |
Bdi 0 1] 1}
T T T T T T T T 1
w87 1 ¥L 2T 118 g 9 ¥ 4 1}

B 12.42 MF=

Sigma 3

20.55 MFa

40.595 MPa |sigma 1
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15.40 ml

Vi




Sample no.: 2A-9C

operator Vogt

date 23.08.04 15:00-15:20

mean depth, m 699.83

axial load 61, MPa 19.07

confining pressure 63, MPa 13.71

breakdown pressure p., MPa 44.34

injection fluid TELLUS32

injection rate, ml st 1

remarks axial fractured

Minifractest an 2A-9C DS: 129 Zeit: 00:00:18,06
1_ E H H H H | | | H H _;_ H H | | H H H H H H |
"la

12 14

10
3

i T T T T T T T T T T T T T T T T T T T T T
o 1 2 3 - 5 5 T L ? i 1 1z 13 14 s 1s T 18 19 Fo) 21 Sek
Vi 16.15 ml Pi 44.34 MPa  aigma 1 19.07 MPa  =igna_2 13.71 MPa
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Sample no.: 2A-10A

operator Vogt

date 16.08.04 14:10-14:30

mean depth, m 702.82

axial load 61, MPa 31.94

confining pressure 63, MPa 29.84

breakdown pressure p., MPa 54.40

injection fluid TELLUS32

injection rate, ml st 1

remarks axial fractured, Refrac?

Minifractest an 24-10A DS5: 186 Zeit: 00:00:26.04
) Il] i i é 1:3 illl 1|2 1|4 1|6 1|8 2Ill 2I2 2:4 ZIG 2:8 Sek|

Vi 19.75 ml Fi 54.40 MPa Sigma 1 31.94 MPa Sigmsa 3 29.54 MPa
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Sample no.: 4A-1A

operator Kuperkoch

date 27.08.04 09:30-09:50

mean depth, m 192.28

axial load 61, MPa 22.91

confining pressure 63, MPa 19.80

breakdown pressure p., MPa 57.57

injection fluid TELLUS32

injection rate, ml st 1

remarks axial fractured

Niﬁacln:l alr IA-‘IAI i i . i ] i . i i i i i i i i i i i i DS: i 167 IZla'l: l]ll]:[I]:Zlfl,3B

10 12 14 16 18 20 22

8
10 15 20 25 30 35

i T T T T T T T T T T T T T T T T T T T T T T T T T
o 1 2 3 4 5 5 7 8 5 W 11 12 13 14 15 16 17 18 1% 20 21 22 23 24 25 Sek
Vi 1%.63 ml Pi 57.57 MPa aigma 1 22.91 MPa aigma 3 1%.80 MPa
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Sample no.: 4A-1C

operator Kuperkoch

date 30.08.04 09:00-09:20

mean depth, m 192.28

axia load o1, MPa 48.80

confining pressure 63, MPa 24.19

breakdown pressure p., MPa 68.36

injection fluid TELLUS32

injection rate, ml st 1

remarks axial and inclined fractured

Minifractest an 44-1c
-] T T

D5: 189 Zeit: 00:00:26.46

10 12 14 16 18 20 22 24 26 28

i T T T T T T T T
o 1 2 3 4 S5 & T 8
Pi 68.35 MPa aigma 3

T T T T T T T T T T T T T T T T T T T T T
9 o 11 172 13 14 s 1s 17 18 1% 20 N @2 23 24 25 26 2T I8 Sek
24.15 MPa aigma 1

48.8 MPa Vi 22.45 ml
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Sample no.: 4A-2A

operator Kuperkoch

date 30.08.04 11:10-11:20

mean depth, m 192.61

axial load 61, MPa 26.95

confining pressure 63, MPa 22.19

breakdown pressure p., MPa 63.64

injection fluid TELLUS32

injection rate, ml st 1

remarks axial fractured

Niﬁacln:l an A4A-24 DS: 179 Zeit: 00:00:25,06
s ﬁ H | H | | H | H H | H | H H | H H | H | H | | H | H H

10

i T T T T T T T T T T T T T T T T T T T T T T T T T T T
o 1 2z 3 4 5 E T 8 5 10 11 12 13 14 15 16 17 18 1% 20 1 22 23 24 25 26 Sek
Vi 21.30 ml Pi 63.64 MPa aigma 1 26.95 MPa aigma 3 22.15% MPa
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Sample no.: 4A-2C

operator Kuperkoch

date 30.08.04 11:45-11:55

mean depth, m 192.61

axial load 61, MPa 25.66

confining pressure 63, MPa 17.87

breakdown pressure p., MPa 57.07

injection fluid TELLUS32

injection rate, ml st 1

remarks axial fractured

Niﬁacln:l all| IA-ZIc ] i i i i i i i . i i i i . . i i i i i DIS: .185 Zln'l: l]l?:l]]:Z:‘I,l ]

18

a | H H H i ' '
T T T T T T T T T T T T T T T T T T T T T T T T T T T T
o 1 2z 3 4 5 L3 T 8 2 10 1 i1z 13 14 15 s ir is 19 0 Fal 2 3 24 25 26 Sek
Vi 1%.61 ml i 57.07 MPa aigma 1 25.66 MPa migma 3 17.87 MPa
F =
-
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Sample no.: 4A-3A

operator KUperkoch/V ogt

date 30.08.04 13:05-13:25
mean depth, m 260.31

axia load o1, MPa 34.83
confining pressure 63, MPa 25.95
breakdown pressure p., MPa 69.55

injection fluid TELLUS32
injection rate, ml st 1

remarks axial fractured

26
r

14 16 18 20 22 24

12

10

i T T T T T T T T T T T T T T T T T T T T T T T T T T T
o 1 2z 3 4 5 E T 8 5 10 11 12 13 14 15 16 17 18 1% 20 1 22 23 24 25 26 Sek
Vi 22.5%5 ml Pi 6%.55 MPa aigma 1 34.83 MPa aigma 3 25.55 MPa
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Sample no.: 4A-3C

operator KUperkoch/V ogt

date 30.08.04 13:30-13:40

mean depth, m 260.31

axial load 61, MPa 21.50

confining pressure 63, MPa 16.02

breakdown pressure p., MPa 57.41

injection fluid TELLUS32

injection rate, ml st 1

remarks axial fractured

Niﬁacln:l alr IA-:ICI i i . i ] i . i i i i i i i i i i i i DS: i 167 IZla'l: l]ll]:[I]:Zlfl,3B

10 12 14 16 18 20 22

8
10 15 20 25 30 35

i T T T T T T T T T T T T T T T T T T T T T T T T T
o 1 2 3 4 5 5 7 8 5 W 11 12 13 14 15 16 17 18 1% 20 21 22 23 24 25 Sek
Vi 1%.7% ml Pi 57.41 MPa aigma 1 21.50 MPa aigma 3 16.02 MPa

263




Sample no.: 4A-4A

operator Kuperkoch

date 27.08.04 11:50-12:10

mean depth, m 527.63

axial load 61, MPa 61.09

confining pressure 63, MPa 28.30

breakdown pressure p., MPa 72.71

injection fluid TELLUS32

. -1

injection rate, ml s 1

remarks axia and inclined fractured

Niﬁacln:l an 4A-4A DS: 194 Zeit: 00:00:27 16
5 . ; . :

10 12 14 16 18 20 22 24 26 28
40 50 50

0

10

i T T T T T T T T T T T T T T T
o z 4 5 s 10 1z 14 1s 18 20 =z 24 26 8 30 Sek
Pi 72.71 MPa aigma 3 28.30 MPa aigma 1 61.09 MPa Vi 23.80 ml
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Sample no.: 4A-4C

operator KUperkoch/V ogt

date 30.08.04 14:10-14:20

mean depth, m 527.63

axial load 61, MPa 27.40

confining pressure 63, MPa 14.66

breakdown pressure p., MPa 66.69

injection fluid TELLUS32

injection rate, ml st 1

remarks axial fractured

Niﬁacln:l all| IA--I.II: ] i i i i i i i . i i i i . i i i i i DIS: ]B3 Zln'l: DI?:CIJ:Z?,SZ

16 18 20 22

14

12

uy
n
-NE-]
| m]
w
@
=
21
wl 1-
uy
]
-l 1
=%
-
o~
|
ale ! ! ! ! ! !
i T T T T T T T T T T T T T T T T T T T T T T T T T T T
o 1 2 3 4 S5 & T 8 % 1w 11 12 13 14 15 16 17 18 1% 20 1 22 23 24 25 26  Sek
Vi 21.97 ml Pi 66.60 MPa _ migma 1 27.40 MPa  =ignma_3 14.66 MPa
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Sample no.: 4A-5A

operator KUperkoch/V ogt

date 30.08.04 14:30-14:40
mean depth, m 527.97

axia load 61, MPa 29.11
confining pressure 63, MPa 12.06
breakdown pressure p., MPa 43.05

injection fluid TELLUS32
injection rate, ml st 1

remarks axial fractured

Minifractest an 44-5A
-] T T T

D5: 136 Zeit: 00:00:19.04

12 14 16 18 20 22
5

10

H
10 15 20 25 30 35

T T T T T T T T T T T T T T T T T T T T T T T
T 8 ? 10 11 1z 13 14 15 1s 17 18 1% 20 21 22 I3 24 25 26 2T I8 Sek

Vi 15.47 ml i

43.05 MPa aigma 1

29.11 MPa

aigma 3 12.06 MPa
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Sample no.: 4A-5C

operator KUperkoch/V ogt

date 30.08.04 15:30-15:40
mean depth, m 527.97
axia load 61, MPa 18.35
confining pressure 63, MPa 9.80
breakdown pressure p., MPa 43.68
injection fluid TELLUS32
injection rate, ml st 1

remarks

axia fractured

Minifractest an 44-5C
-] T T

D5:

140 Zeit: 00:00:19.60

12 14 16 18 20 22
[ 5

10

H
10 15 20 25 30 35
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Sample no.: 4A-6A

operator KUperkoch/V ogt

date 30.08.04 15:40-15:50

mean depth, m 528.38

axia load 61, MPa 61.09

confining pressure 63, MPa 28.30

breakdown pressure p., MPa 72.71

injection fluid TELLUS32

injection rate, ml st 1

remarks axial and inclined fractured

Niﬁacln:l alr IAEAI i i . i ] i . i i i i i i i i i i i i DS: i 154 IZla'l: l]ll]:III:ZI‘I,SB

12 14 16 18 20 22

10

10 15 20 25 30 35

i T T T T T T T T T T T T T T T T T T T T T T T T T
o 1 2 3 4 5 5 7 8 5 W 11 12 13 14 15 16 17 18 1% 20 21 22 23 24 25 Sek
Vi 17.80 ml Pi 50.16 MPa aigma 1 17.86 MPa aigma 3 14.52 MPa
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Sample no.: 4A-6C

operator K Uperkoch/Schreiner/V ogt

date 30.08.04 16:10-16:20

mean depth, m 528.38

axial load 61, MPa 34.46

confining pressure 63, MPa 29.84

breakdown pressure p., MPa 73.02

injection fluid TELLUS32

injection rate, ml st 1

remarks axial fractured

Minifractest an 4A-6C DS: 195 Zeit: 00:00:27.30
1 L4 | H H | H H | | H H | H H | H H | H H | | H H | H H | H H

10 12 14 16 18

i T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
o 1 2 3 4 S5 & T 8 % 10 11 1z 13 14 15 16 17 18 1% 20 21 P2 23 24 25 26 27 28 Sek
Vi 23.5%6 ml Pi 73.02 MPa aigma 1 34.46 MPa aigma 3 25.84 MPa
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Sample no.: 4A-7A

operator K Uperkoch/Schreiner/V ogt

date 30.08.04 16:55-16:10

mean depth, m 528.79

axial load 61, MPa 14.34

confining pressure 63, MPa 8.43

breakdown pressure p., MPa 35.31

injection fluid TELLUS32

injection rate, ml st 1

remarks axial fractured

Minifractest an 4A-7A-2 DS: 126 Zeit: 00:00:17 64
1 ﬁ H H H H | | | H H H H H | | H H H H H H |
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Sample no.: 4A-7C

operator KUperkoch/V ogt

date 31.08.04 09:40-10:00

mean depth, m 528.79

axial load 61, MPa 16.79

confining pressure 63, MPa 6.85

breakdown pressure p., MPa 36.41

injection fluid TELLUS32

injection rate, ml st 1

remarks axial fractured

Niﬁacln:l an 4A-TC DS: 122 Zeit: 00:00:17,08
ﬁ H H H H H H H H H H H H H H H H | H | | H | | | |

0 35 40 45 50

10 12 14 16 18 20 22 24 26 28
25

=
-
-
a
34
-
w.
e
T T T T T T T T T T T T T T T T T T T T T T T T T T
o 1 z 3 4 5 L3 T 8 ? 10 11 1z 13 14 15 1s ir 18 1% 0 n -4 3 24 25 Sek
Pi 36.41 MPa aigma 3 .85 MPa aigma 1 16.79% MPa Vi 13.52 ml
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Sample no.: 4A-8A

operator Kuperkoch

date 27.08.04 10:10-10:20

mean depth, m 529.13

axial load 61, MPa 23.45

confining pressure 63, MPa 20.09

breakdown pressure p., MPa 51.21

injection fluid TELLUS32

injection rate, ml st 1

remarks axial and inclined fractured

Niﬁacln:l alr IAIMI i i . i ] i . i i i i i i i i i i i i DS: i 155 IZla'l: l]ll]:III:ZI‘I,?l]

12 14 16 18 20 22

10

10 15 20 25 30 35

i T T T T T T T T T T T T T T T T T T T T T T T T T
o 1 2 3 4 5 5 7 8 5 W 11 12 13 14 15 16 17 18 1% 20 21 22 23 24 25 Sek
Vi 18.24 ml Pi 51.21 MPa aigma 1 23.45 MPa aigma 3 20.0% MPa
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Sample no.: 4A-8C

operator KUperkoch/V ogt

date 31.08.04 10:00-10:10

mean depth, m 529.13

axia load 61, MPa 35.98

confining pressure 63, MPa 32.81

breakdown pressure p., MPa 75.26

injection fluid TELLUS32

injection rate, ml s* 1

remarks axial fractured

Minifractest an 4A-8C DS: 201 Zeit: 00:00:28.14
'i E | H H | H H | H H

10 12 14 16 18

i T T T T T T T T
o 1 2 3 4 S5 & T 8

T T T T T T T T T T T T T T T T T T T
11 12 13 14 15 16 17 18 1% 20 21 22 23 24 25 26 2T 28 Sek
Vi 24.32 ml Pi 75.26 MPa aigma 1 35.98 MPa
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Sample no.: 4A-9A

operator KUperkoch/V ogt

date 31.08.04 10:10-10:20

mean depth, m 529.47

axial load 61, MPa 23.75

confining pressure 63, MPa 20.56

breakdown pressure p., MPa 59.33

injection fluid TELLUS32

injection rate, ml st 1

remarks axial fractured

Niﬁacln:l an 4A-94 DS: 166 Zeit: 00:00:23,24
s ﬁ H ' H ' H H ' H H ' H ' H H ' H H ' H ' H ' H H ' H H

26
r

14 16 18 20 22 24

12

10

i T T T T T T T T T T T T T T T T T T T T T T T T T T T
o 1 2z 3 4 5 E T 8 5 10 11 12 13 14 15 16 17 18 1% 20 1 22 23 24 25 26 Sek
Vi 20.06 ml Pi 55%.33 MPa aigma 1 23.75 MPa aigma 3 20.56 MPa

274




Sample no.: 4A-9C

operator K Uperkoch/V ogt

date 31.08.04 10:30-10:40

mean depth, m 529.47

axial load 61, MPa 16.20

confining pressure 63, MPa 13.45

breakdown pressure p., MPa 49.64

injection fluid TELLUS32

injection rate, ml s* 1

remarks axial and inclined fractured

Miir:cln:l anllA-!ll:‘ i i i i i i i ] i i i i . i i i i DS:. 151. Zait: Il]l]:l]}.%Lll
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