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ABSTRACT

A total of 15 boreholes have been drilled for
preliminary characterization of a previously
unexplored site at the 360 and 385 m level in the
Stripa mine.

To adequately describe the rock mass in the vicinity
of these boreholes, a comprehensive program
utilizing a large number of geophysical borehole
methods has been carried cut in 10 of these
boreholes.

The specific geophysical character of the rock mass
and the major deformed units distinguished in the
vicinity of the boreholes are recognized, and in
certain cases also correlated between the boreholes.

A general conclusion based on the geophysical logging
results, made in this report, is that the preliminary
predictions made in stage 2, of the site
characterization and validation project (Olsson
et.al., 1988), are adequate. The results from the
geophysical logging can support the four predicted
fracture/ fracture zones GHa, GHb, GA and GB whereas
the predicted zones GC and GI are hard to confirm
from the logging results.

Keyv rds: Granite, geophysical borehole logging,
fr-t ure zones.
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SUMMARY

This report deals with the geophysical borehole
investigation program performed at a previously
unexplored site, located at the 360 and 385 m level
in the Stripa mine.

The program is carried out within the ' Site
characterization and Validation, Stage 3 - Detailed
characterization and preliminary validation'.

During stage 3, three boreholes (Cl, C2 and C3) were
drilled in order to characterize the smaller volume
around the proposed drift. The three C-holes are
drilled from the 360 m level and are 150, 150 and
100 meter long, respectively. Furthermore, six
boreholes (D1-D6) were drilled in order to
characterize the volume in and around the proposed
drift. Five boreholes (D2-D6) were drilled just
outside the perimeter of the validation drift
together with a borehole (Dl) along its center line.
All six D-holes are drilled from the 385 m level and
are all 100 meter long. The total length of the
holes drilled within Stage 3 is 1000 m.

To achieve a comprehensive knowledge of the physical
conditions in the rock mass, in the vicinity of these
boreholes, a program utilizing a large number o*
geophysical borehole methods has been carried out in
four of these boreholes, namely;

- Borehole deviation.
- Natural gamma activity.
- Neutron - neutron.
- Sonic.
- Single point resistance.
- Normal resistivity.
- Caliper.
- Temperature.
- Borehole fluid resistivity (salinity).

The porosity of the bedrock has been calculated using
the normal resistivity measurements. The calculated
porosity of the undeformed rock seems to be in the
order of 0.2-0.6 %, while the main units have
porosities ranging up to 1.5 I. It is evident that
the fracture frequency almost totally controls the
porosity.

In each of the boreholes, major units of deformed
and/or fractured rock have been distinguished, "hese
major units exhibit anomalous physical conditions and
therefore cause marked responses on several logs. A
presentation of representative geophysical
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parameters, put forward in this investigation, is to
be found in Chapter 6.

The physical properties are, through previous
experience in Stripa, expected to vary along the
extension of the major units, causing a difficult
task to correlate the units between the boreholes
based on the geophysical logging results. However, as
the main zones have quite characteristic physical
properties resulting in characteristic anomaly values
and shapes, it is possible to correlate certain zones
between some of the holes, assuming the units to be
planes. Apart from-these zones, the granite is
relatively competent, probably exhibiting low
hydraulic conductivity.

In this report the geophysical logging results has
been used in order to verify or invalidate the
preliminary predictions made in stage 2.

A general conclusion based on the geophysical
logging results, made in this report, is that the
preliminary predictions made in stage 2 (Olsson
et.al-, 1988), are adequate. The results from the
geophysical logging can support the four predicted
fracture/ fracture zones GHa, GHb, GA and GB whereas
the predicted zones GC and GI are hard to confirm
from the logging results.

The fracture zone GHa is, based on the observed
borehole intersections derived from the geophysical
logs, found to be striking about N350*E and dipping
about 70*E which is in satisfactory agreement with
the predicted N355*E and 60"E. The feature GHb is
found to be striking W355*E and dipping 60*E which is
identical with the predicted strike and dip.

Furthermore, the fracture zone GA is determined with
a N045'E strike and a 40*E dip which is in good
agreement with the predicted N040'E and 35*E. The
fracture zone GB is determined with a N035"E strike
and a 45'E dip which is in good agreement with the
predicted N040*E and 40*E.
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INTRODUCTION

1.1 SITE CHARACTERIZATION AND VALIDATION PROJECT

The purpose of the Site Characterization and
Validation (SCV) Project is to predict groundwater
flow and nuclide transport in a previously unexplored
volume of the Stripa granite. In the SCV Project the
primary emphasis lies on the application of the
technology developed in Phases 1 and 2 of the Stripa
Project.

Measurements will be taken from boreholes and drifts
and the data will be used to model the groundwater
flow. Data collection and modelling is a
multidisciplinary effort including geology,
geophysics, hydrogeology, rock mechanics, and
geochemistry. The predictions will be made using
numerical models. The accuracy of these predictions
will be assessed by excavating a drift and measuring
the geometrical, water flow, and solute transport
properties of the fractures in the drift.

The project is arranged in five stages so that data
collection (Stages 1 and 3) is followed by model
prediction (Stages 2 and 4) in an iterative manner.
The last stage is validation where the more detailed
prediction (Stage 4) is checked by a final period of
data collection (Stage 5). Thus during the course of
the project there is a progressive interplay between
modelling and data collection.

Included in Stage 3 are the following subprojects:
- Elasting of an access drift at the 385 m

level.
Drilling of 9 more investigation boreholes.
Core logging and fracture mapping in drifts.
Geophysical single hole logging.
Measurements on small core samples.
Borehole radar.
Borehole seismics.
Hydraulic investigations.
Hydrochemistry.

A detailed description of the five stages mentioned
above is to be found in the Program Plan for the
Stripa Project, Phase 3 (Stripa Project TF. 87-09) .

This report concerns the geophysical single hole
logging program within Stage 3- The geophysical
logging was performed to provide data on the physical
properties of the rock in the vicinity of the
boreholes such as lithological variations, location



and properties of fracture zones and variations in
fracturing of the rock mass.

1.2 EXPERIMENTAL SITE

The location of the new site to be explored was
selected in such a way that it was possible to drill
the investigation holes from existing drifts. Five
"boundary boreholes" have been drilled for
preliminary characterization of the site: three holes
towards the North (N2 - N4) of 200 in length and 60 m
apart., and two towards the West (Wl - W2) . These
holes of 150 m length are roughly 70 m apart. A 50
meter long vertical hole has been drilled at the end
of the 3D-migration drift mainly for the purpose of
measuring rock stresses. In Table 1.1. the position
of the boreholes, drilJed during stage 1, in the
local mine coordinates, direction (from mine north),
plunge (from horizontal plane), and length are given.

During stage 3 three boreholes (Cl, C2 and C3) were
drilled in order to characterize the smaller volume
around the proposed drift. The three C-holes are
drilled from the 360 m level and are 150, 150 and 100
meter long, respectively. In Table 1.2. the position
of the C-boreholes, drilled during stage 3, in the
local mine coordinates, direction (from mine north),
plunge (from horizontal plane), and length are given.

Furthermore, six boreholes (D1-D6) were drilled in
order to characterize the volume in and around the
proposed drift. Five boreholes (D2-D6) were drilled
at the perimeter of the Validation drift together
with a borehole (Dl) along its center line. All six
D-holes are drilled from the 385 m level and are all
100 meter long. In Table 1.3. the position of the D-
boreholes, drilled during stage 3, in the local mine
coordinates, direction (from mine north), plunge
(from horizontal plane), and length are given.
The total length of the holes drilled within Stage 1
is 960 m and Stage 3 is 1000 m. The holes are 76 mm
in diameter and fully cored. In Figure 1.1, the
location of the boreholes drilled during stages 1 and
3 are shown.



Table 1.1 Position of boreholes Wl, W2, N2 - N4, and V3,
in the local mine coordinates. Bearing from
mine north (in degrees), plunge below
horizontal plane (in degrees), length (m),
together with date for start u d completion of
drilling.

Wl

Collar position:
X 440.0
Y 1146.8
Z 356.1

Bottom hole
X
Y
Z

position:
441.7
1000.3
368.1

Collar deviation:
Bearing 269.94
Plunge 4.99

Bottom hole
Bearing
Plunge

Length

Drillstart

Drillstop

deviation:
271.39
4.13

147

861023

861103

W2

510.0
1147.4
355.3

511.4
1000.8
365.9

269.90
5.02

271.19
3.32

147

861105

861120

N2

333.3
1139.2
356.7

530.1
1141.0
420.7

359.85
18.59

0.87
17.31

207

861006

861016

N3

347.4
1079.1
356.9

527.4
1082.6
414.2

359.97
18.59

2.20
17.01

189

860917

861001

N4

321.1
1023.1
345.0

529.0
1025.5
413.7

359.25
18.80

2.12
17.47

219

860829

860911

502.
1149.
356.

503.
1149.
404.

89.

89,

50

»

.9

.7

.5

,4
.7
.5

.33

.49

861201

861204



Table 1.2 Position of boreholes Cl, C2 and C3 in the
local mine coordinates. Bearing from mine
north (in degrees), plunge below horizontal
plane (in degrees), length (m), together with
date for start and completion of drilling.

Cl C2 C3

Collar position:
X 438.5 442.5 432.8
Y 1147.0 1147.0 1147.6
Z 356.2 356.3 355.9

Bottom hole position:
X 435.6 509.4 462.8
Y 1029.0 1054.4 1156.6
Z 448.8 453.4 380.9

Collar deviation:
Bearing 267.84 305.35 287.42
Plunge 38.95 40.53 14.68

Bottom hole deviation:
Bearing 269.35 306.06 288.82
Plunge 37.52 39.92 14.36

Length

Drillstart

Drillstop

150 150 100

880627 880603 880718

880708 880616 880721



Table 1.3 Position of boreholes D1-D6 in the local mine
coordinates. Bearing from mine north (in
degrees), plunge below horizontal plane (in
degrees), length (m), together with date for
start and completion of drilling.

Dl D2 D3 D4 D5 D6

Collar position:
X 439.1
Y 1127.9
Z 383.3

Bottom hole position:
X 469.5
Y 1033.9
Z 389.0

Collar deviation:
Bearing 287.45 287.41 287.35 287.39 287.45 287.47
Plunge 3.32 3.10 3.26 3.41 3.35 3.37

Bottom hole deviation:
Bearing 288.40 287.75 287.95 288.26 288.25 288.51
Plunge 3.24 3.95 2.80 3.43 3.38 3.00

437.9
1127.7
383.6

468.1
1033.6
389.4

438.3
1128.1
382.3

468.3
1033.8
387.6

439.7
1128.3
382.3

469.9
1034.2
388.3

440.1
1128.4
383.6

470.3
1034.3
389.5

438.9
1128.3

384.4

469.4
1034.3
389.9

Length

Drillstart

Drillstop

100 100 100 100

880815 880819 880911 880904

880818 880825 880914 880908

100 100

880826 880916

880902 880922
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Figure 1.1 Plan view of the Stripa Mine at the 360 m
level showing the position of the SCV-site and
the Stage 1 and Stage 3 boreholes.



INVESTIGATION PROGRAM

2.1 LOGGING PROGRAM

To adequately describe the rock mass in the vicinity
of a borehole, a number of different geophysical
logging methods are used. Each method measures a
physical property of the rock, which is directly or
indirectly related to the mechanical, hydrogeological
or geochemical properties of the rock or the
borehole fluid. The data thus achieved is to be used
in combination with other methods, such as core
logging, in the evaluation process to obtain a good
knowledge of the physical properties of the site.

Comprehensive presentation of the geology and
mineralogy of the Stripa area is given by Wolienberg
et al (1980) and Carlsten et al (1985).

The following geophysical borehole logging methods
have been used within this subproject of the Site
Characterization and Validation Project;

- Borehole deviation.
- Natural gamma activity.
- Neutron - neutron.
- Sonic.
- Single point resistance.
- Normal resistivity.
- Caliper.
- Temperature.
- Borehole fluid resistivity (salinity).

All methods except the borehole deviation log has
been performed by Swedish Geological Co (hereafter
SGAB). An extensive description of these methods is
to be found in either Carlsten et al (1985), or Almén
et al (1986). Complementary information regarding the
methods and the interpretation of the logs is
presented in Fridh (1987) and in this report,
section 2.2.



2.2 COMPLEMENTARY INFORMATION ON THE LOGGING METHODS

2.2.1 Borehole deviation

The tool used to determine the deviation and plunge
of the boreholes was the Fotobor. The measurements
have been performed by SSAB, Grängesberg. Throughout
this report the 360 degree system in the local mine
coordinates is used.

2.2.2 Neutron - neutron

The standard method to use the two detector t? .rmal
neutron tool is to calculate and present the ratio of
near to far detector count rates. This procedure has
the advantage that borehole environment effects tend
to cancel.

A decrease in count rate corresponds theoretically to
an increase in water content. However, as crystalline
rocks generally have very low porosities, the thermal
neutron tool is often more sensitive to mineralogical
variations, due to the different absorption
cross-sections and different content of bound water
in various minerals.

The conclusion from the geophysical logging during
phase 1 (Fridh, 1987) indicated that the hydrogen
(water) present in the altered/fractured zones to be
the main factor affecting both the thermal and the
epithermal results.

2.2.3 Sonic

An attempt was also performed to calculate the
formation porosity using Wyllie's formula
(Wyllie,1956).

where

v = measured velocity
vw = velocity in pore/fracture fluid
v = velocity in rock matrix
<j) = porosity,

The matrix velocity used in the porosity
calculation, for each individual borehole, was
determined from the maximum recorded P-wave velocity
in each sonic log. The assumption that the maximum
sonic value corresponds to the matrix velocity is



based on the homogeneous rock formation encountered
in Stripa in combination with the fact that the
highest P-wave velocity corresponds to the least
fractured rock volume.

As the maximum sonic values recorded were
exceptionally high (6500-6800 m/s), the calculated
porosity values are much higher than the porosity
values obtained previously from resistivity logs and
rock samples. A porosity calculation performed with a
more normal matrix velocity of 6000 m/s resulted in
porosity values in the same magnitudes as the
resistivity-derived values, but are not included in
this report.

The calculated porosities, derived from the sonic
log, are presented in Appendix 2 together with the
calculated porosity, derived from the normal
resistivity log. As can be seen, the sonic-derived
porosity is generally much higher, due to the matrix
velocity used (see above). The sonic-derived porosity
logs are included in this report merely to show the
relative resemblance of the two porosity logs.

2.2.4 Single point resistance

To calculate the resistivity of the rock mass from
the point resistance the following formula has been
used (Desbrandes, 1985);

47t R Le
r =

where

r = resistivity in Ohmm.
R = resistance in Ohm.
Le = length of the electrode in meter.

De = diameter of the electrode in meter.

In this case where L = 50 mm and De = 52 mm, we get

r =0.96 R.
The resistivity in ohmmeter is therefore
approximately the same as the resistance in ohm.
Furthermore, a correction for the influence of the
borehole fluid resistivity is needed. In the Stripa
granite this correction is approximately two (2),
therefore the corrected true resistivity is
approximately twice as high as the uncorrected
apparent resistivity (Fridh, 1987).
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2.2 5 Normal resistivity

TU»? aormal resistivity has to be corrected for the
int̂ u-ince of the borehole fluid in order to get the
trie rasistivity of the rock. The correction in this
case i.s approximately 0.5, i.e. the corrected true
-asirtivity is half the uncorrected apparent
resistivity (Dacknov, 1962 and Fridh, 1987).

When the true resistivity as well as the formation
f J.JT •* resistivity are known, it is possible to
calculate the formation porosity (Archie, 1942). The
factors 'a' and 'm' in the Archie equation can be
obtained from laboratory measurements. The specific
values of these parameters are obtained from a plot
of formation factor values versus core porosity.
Archie stated that:

F = a

where

F = formation factor,
a = constant,
<|> = porosity,
m = cementation exponent,
RQ = true resistivity (from Normal resistivity log)
R = formation fluid resistivity.

For the Stripa granite it is found that using the
following values will render acceptable porosity
results, Fridh (1987):

a = 1
m = 1.5 (- 1.6)

This 'empirical' relationship has been used to
determine the porosity of the rock surrounding the
four boreholes, assuming the formation fluid
resistivity equals the borehole fluid resistivity.
The cementation factor 'm' was calculated using a
slightly different approach by Magnusson et al
(1987), with m = 1.5 as the result.
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PHYSICAL CONDITIONS

The physical properties of the granite and related
rocks at the Stripa site are presented in detail in
Carlsten et al (1985). Therefore only minor
complementary information is provided in this report.

The high background level in the gamma activity logs
recorded in the stage 3 measurements is
significantly higher than previous measurements in
the Stripa mine (Nelson et al, 1980, Fridh 1987) and
is explained by radon daughters attached to the
borehole wall and is due to the long period of time
between drill-stop and borehole logging.

The true resistivity of the Stripa granite,
calculated using the corrected normal resistivity
measurement from stage 3, is approximately 50 - 75
kOhmm. The true resistivity from the single point
measurement is calculated to about 40 kOhmm. The
difference encountered is probably due to the
difference in tool investigation volume, which is
approximately four times larger for the Normal tool
(Desbrandes, 1985).

The resistivity results "an be compared to the
approximate mean value of 20 kOhmni given from the
laboratory measurements (Magnusson et al, 1987). This
comparably low laboratory value is probably explained
by the contribution of surface conduction, which
influences the resistivity measured on core samples
in the low porosity range.

According to laboratory measurements on core samples
(Magnusson et al, 1987) the porosity of the Stripa
granite is normally below 1%. When calculating the
porosity using the empirical Archie equation given
above and the results from the geophysical logs, the
same result is obtained. When the rock is fractured a
small increase in porosity is observed. A porosity
increase of one (1) percent corresponds for example
to a single fracture one centimetre wide, assuming
the radius of investigation for the Normal
resistivity tocl to be one meter.



DETAILED DESCRIPTION OF THE BOREHOLES WITH RESPECT TO
THEIR PHYSICAL PROPERTIES OBTAINED FROM THE LOGS

4.1 BOREHOLE Cl

The 150 m long borehole Cl is directed 268° and
inclined 39° below the horizontal plane. In a
coordinate system where the X-axis is positive to the
mine north, the Y-axis positive to the mine east and
the Z-axis positive downwards (this system will be
used hereafter), the collar position and the position
at 150 m length according to the deviation
measurement are as follows;

POSITION

Collar
150 m

DIFFERENCE

X(m)

438.
435.

-2.

.5

.6

.9

1147
1029

-118

m)

.0

.0

.0

Z(m)

356.2
448.8

92.6

Dip

38
37

-1

(deg)

.95

.52

.43

Dir

?67
269

1

(deg)

.84

.35

.51

Thus, the total deviation at 150 m is 2.9 m to the
south, 118.0 m to the west and 92.6 m downwards.
Compared to a perfectly straight hole with the
initial direction kept constant, the position at 150
m is 1.5 m to the north, 1.4 m to the west and 1.7m
above the target position.

The recorded gamma activity response is highly
affected by radon daughters attached onto the
borehole wall. Natural water is interpreted to be
entering the hole in the interval 45.9-53.9 m as can
be seen on the decrease in gamma activity in this
interval. The water entering Cl at this interval is
flowing upwards, as can be ssen on the salinity log
with its sharp change in salinity and continuous
(relative) low salinity value up to the borehole
mouth. The gamma log is only detecting an activity
decrease over the actual section, in which the inflow
takes place, implying that the flow rate from this
section and upwards is relatively low (a low flow
rate will not remove radon daughters from the
borehole wall).

The mean gamma activity below 100 meter borehole
depth is around 140 pR/h compared with about 240fiR/h
above this section, indicating water flow. The water-
flow is interpreted to be directed from the bottom of
the hole, flowing out at the interval 99.7-100.5
meter depth.

The mean background level of 195 flR/h, in the total
length of borehole Cl, is significantly higher than
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previous measurements in the Stripa mine (Nelson et
al, I980, Fridh 1987) and is explained by radon
daughters attached to the borehole wall and is due to
the long period of time between drill-stop and
borehole logging.

The point, resistance mean apparent value is 14 kOhm,
which approximately corresponds to a true formation
resistivity of 28 kOhmm. The log is detailed,
revealing a number of anomalies, thus pin pointing
fractures/ clay minerals.

Three significant sections are present, namely in the
intervals 45.9-53.9, 123.3-125.2 and 145.3-147.3
meter borehole depth,-where the uppermost of these
major units consists of three individual point
resistivity anomalies (46.7, 49.0-49.8 and 53.1-53.8
m). Minor anomalies are present at the following
depths; 7.1, 12.3, 17.5, 67.2-68.6, 80.4, 87.2, 88.3,
99.7-100.5, 119.5 and 137.6.

The mean resistivity obtained from the Normal
resistivity log is 115 kOhmm, which corresponds to a
true resistivity of 63 kOhmm (Fig. 4.1.2). The mean
resistivity below 80 meters depth is somewhat lower
than the recorded mean resistivity above 80 meter.The
three significant sections present in the point
resistance log are also present in the Normal log
results. In the normal log results there is also a
section between 100-110 meter with a lower recorded
resistivity.

The 'empirical' porosity log (Fig. 4.1.2), derived
from the normal resistivity log, shows a mean value
of 0.54%. Maximum value is 0.90% at the major unit
between 45.9-53.9 meter while the minimum value is
0.38%. All these values should be increased by 0.3%
if a cementation factor 'm' of 1.6 were used in the
calculation instead of the currently used 'm' of 1.5.
The porosity log, derived from the normal
resistivity log, is almost a smooth copy of the
fracture intensity log obtained from the mapping of
core samples. This can bee seen in Appendix 1 where
the 'natural fracture intensity log' is compared to
the porosity log. The empirical 'porosity' for
borehole Cl obtained from the sonic log, according to
Wyllies formula, shows a mean value of 1.55% with the
highest value of 8.4% at the major fracture zone.

The recorded mean neutron ratio value is 0.77. There
are two significant neutron anomalies between the
intervals 66.8-68.8 and 83.4-85.8 meter borehole
depth. The uppermost of these two anomalies
corresponds to a low resistivity section, as seen on
the point resistance log, and a low velocity section
(sonic), supporting the interpretation of a fracture
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zone/clay minerals. The other significant neutron
anomaly, between the interval 83.4-85.8 meter, is
only corresponding to a high natural gamma recording
(the highest value in borehole Cl).

There is also a number of minor neutron anomalies
corresponding to most of the point resistance log
anomalies, thus supporting the interpretation of
fracture zones/clay minerals being present at the
depths given above.

The mean value of the P-wave velocity obtained from
the sonic log, in borehole Cl, is 6245 m/s. The sonic
log reveals three significant sections with lower
velocities indicating fracture zones/clay minerals.
Two of these profound zones corresponds to
significant fracture zones as seen on the resistivity
logs, namely the sections between 48.3-53.9
(predominant at 48.8-50.2 m) and 123.5-124.9
borehole depth. The third significant sonic anomaly
between 92.3-96.0 meter is not supported by any of
the other recorded geophysical logs.

The mean temperature in borehole Cl is 11.6 °C with a
maximum temperature of 12.3 °C at the bottom of the
borehole.

The mean salinity recording is 215 ppm equivalent
NaCl solution down to the major fracture zone between
45.9-53.9 m as seen on the previous logs, thereafter
increasing to 295 ppm NaCl. The rather abrupt
increase in salinity takes place at 49.6 meters
depth, coinciding with one of the three small point
resistance anomalies (49.0-49.8 m) located in this
major zone. The distinct change in salinity
indicates, together with the gamma activity results,
an inflow of water at this point. The salinity/fluid
resistivity results reveal that the water is
transported upwards in the borehole.

The vertical temperature gradient log is hard to
interpret in terms of water movement with an
acceptable accuracy.

The caliper results revealed no unique information on
the rock formation or any significant variations from
the expected 76 mm.

CONCLUSION - Cl

The combined interpretation of the geophysical log
results reveal one major fracture zone in borehole
Cl. This fracture zone, located in the interval 45.9-
53.9 meter, consists of three individual fractures,
as seen on the point resistivity results.
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Five less prominent units are present in borehcle Cl
between the following intervals; 67.2-68.6, 83.4-85.8
, 92.3-96.0, 123.3-125.2, 145.3-147.3 including two
significant neutron anomalies with its peak values at
67.7 and 84.1 meters borehole depth.

Further small fracture/clay mineral zones are
visible where the point resistance log and the sonic
log shows anomalies with relative low resistivities/
velocities.

The lithology in the vicinity of borehole Cl does not
seem to vary much from the normal Stripa granite. The
granite seem to very competent according to the
relative high P-wave velocity obtained from the sonic
log (mean value 6245 m/s). The natural gamma activity
is highly affected by radon daughters attached on
the borehole wall thus masking the lithology
variations.

Natural water is interpreted to be entering borehole
Cl in the interval 45.9-53.9 m and flowing upwards,
as can be seen on the salinity log. The gamma 3 ~>g is
indicating that the flow rate from this section and
upwards is relatively low. There is also a second
section with water flow at 100 meters depth. The
water-flow is indicated from the natural gamma
results and is interpreted to be directed from the
bottom of the hole, flowing out at the interval
located at 99.7-100.5 meter depth.
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Figure 4.1.1 Results from the geophysical borehole
measurements in C'l.
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Figure 4.1.2 Empirical 'porosity' for borehole Cl obtained
from the normal resistivity log through the
application of Archies law.
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4.2 BOREHOLE C2

The 150 m long borehole C2 is directed 305° and
inclined 40° below the horizontal plane. The collar
position and the position at 150 m length according
to the deviation measurement are as follows;

POSITION

Collar
150m

X(m)

442.5
509.4

Y(m)

1147.0
1054.4

Z(m)

356.3
453.4

Dip (deg)

40.53
39.92

Dir(deg)

305.35
306.06

DIFFERENCE 66.9 -92.6 97.1 -0.61 0.71

The total deviation at 150 m is accordingly 66.9 m to
the north, 92.6 m to the west and 91.7 m downwards.
Compared to a perfectly straight hole with the
initial direction kept constant, the position at 150
m is 0.9 m to the north, 0.4 m to the east and 0.4 m
above the target position.

The recorded gamma activity response is highly
affected by radon daughters attached onto the
borehole wall. Natural water is interpreted to be
entering the borehole in two sections at 58.9-59.4
and 65,2-67.6 muter, as can be seen from the small
decrease in gamma activity in and partly around these
two intervals. The water entering C2 at these
intervals is flowing upwards, as can be seen on the
salinity log with its sharp decrease in salinity and
continuous low salinity value up to the borehole
mouth. The gamma log is only detecting minor activity
decreases over the two sections, in which the inflow
takes place, implying that the flow rate from these
two sections and upwards is relatively low (a low
flow rate will not remove radon daughters from the
borehole wall).

The mean background level of 210 îR/h, in the total
length of borehole C2, is significantly higher than
previous measurements in the Stripa mine (Nelson et
al, 1980, Fridh 1987) and is explained by radon
daughters attached to the borehole wall and is due to
the long period of time between drill-stop and
borehole logging.

The high gamma activity encountered is thus masking
most of the lithology variations. However, two gamma
anomalies, indicating local concentrations of
radioactive elements are present. These two
intervals, including the maximum gamma activity value
of 387^JR/h, are located between 77.7-79.5 and 95.8-
97.8 meter, can be correlated to either lithological
variations or fractures healed with chlorite and
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other dark minerals, or a combination of these
effects. The mapping of the core showed an
amphibolitized granite in the uppermost section and a
dark, weakly gneissic granodiorite in the lower
section.

The point resistance mean apparent value is 15.8
kOhm, which approximately corresponds to a true
formation resistivity of 32 kOhnun. The log is
detailed, revealing a number of anomalies, thus pin
pointing fractures/ clay minerals.

One significant section is visible in the point
resistivity log namely in the interval 65.4-67.6
meter borehole depth..Minor anomalies are present at
the following depths; 15.7-16.4, 18.0, 58.9-59.4,
76.1-77.3, 81.3-82.0, 101.6, 102.7, 109.2-110.3,
119.0-119.6 and 122.6 meter.

The mean resistivity obtained from the Normal
resistivity log is 138 kOhmm, which corresponds to a
true resistivity of 76 kOhmm (Fig. 4.2.2). The only
significant anomaly section present in the point
resistance log is also present in the normal log
results- The normal log also shows minor anomalies
related to and supporting some of the minor
anomalies encountered in the point resistivity log.

The 'empirical' porosity log (Fig. 4.2.2), derived
from the normal resistivity log, shows a mean value
of 0.55%. Maximum value is 0.88% at the major unit
between 65.4-67.6 meter while the minimum value is
0.35%. The porosity log, derived from the normal
resistivity log, is almost a smooth copy of the
fracture intensity log obtained from the mapping of
core samples. This can be seen in Appendix 1 where
the 'natural fracture intensity log' is compared to
the porosity log. The empirical 'porosity' for
borehole C2 obtained from the sonic log, according to
Wyllies formula, shows a mean value of 1.85% with the
highest value of 21.4% at the major fracture zone.

The recorded mean neutron ratio value is 0.77. There
are two significant neutron anomalies located between
77.8-80.0 and 96.0-98.0 meter borehole depth. These
neutron anomalies corresponds with the two natural
gamma anomalies encountered. These two sections with
striking gamma and neutron response can be
correlated to lithological variations as the mapping
of the core showed an amphibolitized granite in the
uppermost section and a dark, weakly gneissic
granodiorite in the lower section.

There is also a number of minor neutron anomalies
corresponding to the most of the point resistance log
anomalies, thus supporting the interpretation of
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fracture zones/clay minerals being present at the
depths given above.

The mean value of the P-wave velocity obtained from
the sonic log, in borehole C2, is 6090 m/s, with a
somewhat less competent rock above 89 meters borehole
depth according to a lower mean P-wave velocity above
89 meter. The mean velocity above 89 meter is about
6000 m/s compared to about 6300 m/s below 89 meter.
The sonic log reveals one significant section with
lower velocities indicating a fracture zone. This
profound zone corresponds to the significant anomaly
seen on the resistivity logs, namely the section
between 65.2-67.6 borehole depth. There is also a
number of minor sonic anomalies corresponding to most
of the point resistance log anomalies, thus
supporting the interpretation of fractures/fracture
zones being present at the depths given above.

The mean temperature in borehole C2 is 11.7 °C with a
maximum temperature of 12.4 °C at the bottom of the
borehole.

The mean salinity recording is about 190 ppm
equivalent NaCl solution down to two closely spaced
sections, where the recorded salinity increases
sharply, indicating water inflow. The water is
interpreted to be flowing upwards borehole C2
increasing the mean salinity value from 245 ppm NaCl,
below this section, to 190 ppm NaCl. The rather
abrupt change in salinity takes place at 58.9-59.4
and 65.2-67.6 meters depth, respectively. The
uppermost section between 58.9-59.4 meter correlates
merely with minor anomalies on the other geophysical
logs indicating that the water transport is
accomplished through single fractures. The section
between 65.2-67.6 meter coincides with the major
fracture zone in borehole C2.

The vertical temperature gradient: log is hard to
interpret in terms of water movement with an
acceptable accuracy.

The calxper results revealed no specific information
on the rock formation or any significant variations
from the expected 7 6 mm.

CONCLUSION - C2

The combined interpretation of the geophysical log
results reveal one major fracture zone in borehole
C2. This fracture zone is located in the interval
65.2-67.6 meter. Four less prominent units with frac-
tures/fracture zones are present in borehole C2
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between the following intervals; 58.9-59.4, 76.1-
77.3, 109.2-110.3 and 119.0-119.6.

Further small fracture/clay mineral zones are
visible where the poirt resistance log and the sonic
log shows anomalies with relative low resistivities/
velocities.

The lithology in the vicinity of borehole C2 does not
seem to vary much from the normal Stripa granite. The
granite seem to very competent, especially the rock
below 89 meters borehole depth which has a relative
high P-wave velocity as seen on the sonic log (mean
value about 6300 m/s).

The natural gamma activity is highly affected by the
radon daughters attached to the borehole wall thus
masking most of the lithology variations.
Nevertheless there are two significant sections,
located between 77.7-79.5 and 95.8-97.8 meter, with
striking gamma and neutron response that can be
correlated to lithological variations. The mapping of
core samples showed an amphibolicized granite in the
uppermost section and a dark, weakly gneissic
granodiorite in the lower section.

From about 20 meter borehole depth and downward
there is a 40 meter section with no visible evidence
of lithological or techtonical variations. The same
goes for the section between 125 meter and the bottom
of the hole.

Natural water is interpreted to be entering borehole
C2 in two sections at 58.9-59.4 and 65.2-67.6 meter,
as can be seen on the gamma activity and salinity
logs, flowing upwards. The gamma log is implying
that the flow rate from these two sections and
upwards is relatively low. At the uppermost section
between 58.9-59.4 meter the water transport is
accomplished through a few single open fractures. The
section between 65.2-67.6 meter coincides with the
major fracture zone in C2.
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Figure 4.2.1 Results from the geophysical borehole
measurements in C2.
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Figure 4.2.2 Empirical 'porosity' for borehole C2 obtained
from the Normal resistivity log through the
application of Archies law.
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4.3 BOREHOLE C3

The 100.5 m long borehole C3 is directed 287° and
inclined 15° below the horizontal plane. The collar
position and the position at 99 m length according to
the deviation measurement are as follows;

POSITION X(m) Y(m) Z (m) Dip (deg) Dir (deg)

Collar 432.8 1147.6 355.9 14.68 287.42
99 m 462.8 1056.6 380.9 14.36 288.82

DIFFERENCE 3ÖTÖ -91.0 257Ö -0.32 FTTÖ

The total deviation at 99 meter is accordingly 30.0 m
to the north, 91.0 m to the west and 25.0 m
downwards. Compared to a perfectly straight hole with
the initial direction kept constant, the position at
99 meter is 1.3 m to the north, 0.4 m to the east and
0.1 m above the target position.

The recorded mean gamma activity level is 193 (iR/h,
in the total length of borehole C3. This is
significantly higher than previous measurements in
the Stripa mine (Nelson et al, 1980, Fridh 1987) and
is explained by radon daughters attached to the
borehole wall and is due to the long period of time
between drill-stop and borehole logging.

The high gamma activity encountered is thus masking
most of the lithology variations. However, three
gamma anomalies, which can be correlated to
lithological and techtonical variations, are
observed. These intervals are as follows; 45.3-45.9,
53.5-54.0 (including the maximum gamma activity value
of 327^R/h) and 87.5-88.4 meter, the two latter
corresponding with resistivity, sonic and neutron
anomalies indicating altered/fractured rock.

The water flow in borehole C3 is quite complex as
seen on the geophysical logs. Natural water is
entering the borehole in five sections at 53.2-53.9,
59.3-59.8, 75.6, 76.5-77.0 and 86.1-93.2 meter. The
water entering C3 at these intervals is interpreted
to be flowing upwards. The inflow of natural water at
86.1-93.2 meter, is detected by the relative decrease
in gamma activity, above this section. From the
section at 76.5-77.0 meters depth and up to 75.6
meter, the salinity curve increases from 178 (below
this section) to 193 ppm NaCl. The water inflow at
75.6 meter is detected by the decrease in salinity
above this section. This inflow of natural water, at
75.6 meter, cannot be verified and/or explained by
any of the other geophysical logs. The water inflow
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at 59.3-59.8 meter is clearly detected by the sharp
temperature change and the marked change in gamma
activity. The inflow of natural water in the
uppermost section between 53.2-53.9 meter is detected
by the decrease in salinity above this section.

The point resistance mean apparent value is 19.5
kOhm, which approximately corresponds to a true
formation resistivity of 39 kOhmm. The log is
detailed, revealing a number of anomalies, thus pin
pointing fractures/ clay minerals.

Three significant sections are visible in the point
resistivity log namely in the intervals; 53.2-53.9,
59.3-59.8 and 86.1-93.2 meter oorehole depth, where
the last of these three sections consists of three
individual point resistivity anomalies at 87.4, 90.0
and 92.6 meter. Minor anomalies are present at the
following depths; 13.4-13.9, 23.8, 27.7, 37.2, 43.5,
55.7, 67.4, 72.5, 76.5-77.0 and 96.6 meter.

The mean resistivity obtained from the Normal
resistivity log is 149 kOhmm, which corresponds to a
true resistivity of 80 kOhmm (Fig. 4.3.2). The three
significant sections present in the point resistance
log are also present in the normal log results. The
normal log also show minor anomalies related to and
supporting some of the minor anomalies encountered in
the point resistivity log.

The 'empirical' porosity log (Fig. 4.3.2), derived
from the normal resistivity log, shows a mean value
of 0.62%. Maximum value is 0.93% at the significant
section between 53.2-53.9 meter while the minimum
value is 0.41%. The porosity log, derived from the
normal resistivity log, is almost a smooth copy of
the fracture intensity log obtained from the mapping
of core samples. This can be seen in Appendix 1 where
the 'natural fracture intensity log' is compared to
the porosity log. The empirical 'porosity' for
borehole C3 obtained from the sonic log, according to
Wyllies formula, shows a mean value of 2.7% with the
highest value of 5.2%.

The recorded mean neutron ratio value is 0.78. There
are three significant neutron anomalies located
between 53.3-54.1, 67.4-69.4 and 86.8-88-8 meter
borehole depth. The neutron anomalies between 53.3-
54.1 and 86.8-88.8 meter corresponds to resistivity,
sonic and natural gamma anomalies. These two sections
with anomalous neutron response are interpreted to be
correlated with altered/fractured rock. The section
between 67.4-69.4 meter with a neutron anomaly and a
small supporting gamma activity anomaly is
interpreted to be correlated with lithological
variations.
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There is also a number of minor neutron anomalies
corresponding to the most of the point resistance log
anomalies, thus supporting the interpretation of
fracture zones/clay minerals being present at, the
depths given above.

The mean value of the P-wave velocity obtained from
the sonic log, in borehole C3, is 6200 m/s,
indicating a competent granite bedrock in the
vicinity of borehole C3. Especially the rock between
the interval 50.0-69.7 meter appear to be very
competent, according to the relative high P-wave
velocity as seen on the sonic log (mean value about
6300 m/s).

The sonic log reveals a number of minor sections with
lower velocities corresponding to most of the point
resistance log anomalies, thus supporting the
interpretation of fractures/fracture zones being
present at the depths given above.

The mean temperature in borehole C3 is 11.0 °C with
maximum t<
borehole.
maximum temperature of 11.3 °C at the bottom of the

From the bottom of borehole C3 the recorded salinity
level is about 250 ppm equivalent NaCl solution up to
the interval 86.1-93.2 meter from where the salinity
is decreasing. The salinity curve is decreasing up to
the section located in the interval 76.5-77.0 meter.
From the section at 76.5-77.0 meters depth and up to
75.6 meter, the recorded salinity curve increases
from 178 (below this section) to 193 ppm NaCl. At
75.6 meter borehole depth, a water inflow is detected
by the decrease in salinity above this section. This
inflow of natural water, at 75.6 meter, cannot be
verified and/or explained by any of the other
geophysical logs. At the interval 53.2-53.9 meter,
inflow of natural water is detected by the decrease
in salinity above this section. The mean value f the
salinity log, throughout borehole C3, is 175 ppm
equivalent NaCl solution.

The horizontal temperature gradient log is hard to
interpret in terms of water movement with an
acceptable accuracy.

The caliper was not recorded due to a malfunction of
the probe.

CONCLUSION - C3

The combined interpretation of the geophysical log
results reveal three major fracture zones in borehole
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C3 located in the intervals; 53.2-53.9, 59.3-59.8 and
86.1-93.2 meter borehole depth, where the last of
these three sections consists of three individual
point resistivity anomalies at 87.4, 90.0 and 92.6
meter.

Two less prominent units with fractures/fracture
zones are present in borehole C3 between the
intervals 13.4-13.9 and 76.5-77.0. Further small
fracture/clay mineral zones are visible where the
point resistance log and the sonic log shows negative
anomalies.

The lithology in the vicinity of borehole C3 does not
seem to vary much from the normal Stripa granite. The
granite seem to very competent, especially in the
interval 50.0-69.7 meters borehole depth which has a
relative high P-wave velocity as seen on the sonic
log (mean value about 6300 m/s).

The natural gamma activity is highly affected by the
radon daughters attached to the borehole wall thus
masking most of the lithology variations.
Nevertheless there are three sections with anomalous
gamma activities, located at 45.3-45.9, 53.5-54.0 and
87.5-88.4 meter, the two latter corresponding with
resistivity, sonic and neutron anomalies indicating
altered/fractured rock. Furthermore, a section
between 67.4-69.4 meter with a neutron anomaly and a
small supporting gamma activity anomaly is
interpreted to be correlated with lithological
variations.

The water flow in borehole C3 is quite complex as
seen on the geophysical logs. Natural water is
interpreted to be entering the borehole in five
sections at 53.2-53.9, 59.3-59.8, 75.6, 76.5-77.0 and
86.1-93.2 meter, the major inflow section being the
59.3-59.8 meter interval. The water entering C3 at
these intervals is flowing upwards. At 75.6 meter
borehole depth, a water inflow (flowing upwards) is
detected by the decrease in salinity above this
section. This inflow of natural water, at 75.6 meter,
cannot be verified and/or explained by any of the
other geophysical logs.
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Figure 4.3.1 Results from the geophysical borehole
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Figure 4.3.2 Empirical 'porosity' for borehole C3 obtained
from the Normal resistivity log through the
application of Archies law.
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4.4 BOREHOLE Dl

The 100 m long borehole Dl is directed 287° and
inclined 3° below the horizontal plane. The collar
position and the position at 99 m length according to
the deviation Measurement are as follows;

POSITION

Collar
99m

X(m)

459.1
469.5

Y(m)

1127.9
1033.9

Z(m)

383.3
389.0

Dip(deg)

3.32
3.24

Dir(deg)

287.45
288.40

DIFFERENCE 30.4 -94.0 5.7 -0.08 0.95

The total deviation at 99 m is accordingly 30.4 m to
the north, 94.0 m to the west and 5.7 m downwards.
Compared to a perfectly straight hole with the
initial direction kept constant, the position at 99 m
is 0.8 m to the north, 0.3 m to the east and at the
intended vertical depth.

The gasama activity background level is 97 \iR/'n (Fig.
4.3.1) which is in agreement with previous results
from the Stripa mine (Nelson et al, 1980, Fridh
1987) . A section with increased gamma activity is
recorded in the interval 82.5-89.0 meter borehole
depth, including two distinct gamma anomalies with
their peaks at 84.7 and 86.2 meter, respectively.
These positive gamma anomalies indicates local
concentrations of radioactive elements in fractures
healed '.ith chlorite and other dark minerals. This
interpretation is supported by the very high neutron
ratio values present at the same section. The upper
part, 81.2-82.5 m, of the major fracture zone (81.2-
89.0 m) is characterized by a low gamma activity,
indicating a section with differing physical
parameters compared to the entire fracture zone.

Natural water is interpreted to be entering borehole
Dl in the two major sections at 24.0-26.6 and 81.2-
89.0 meter, flowing upwards. The uppermost inflow is
depicted by a combination of a change in the
temperature gradient and a local decrease in the
gamma activity. The water entering Dl at the interval
81.2-89.0 can explicitly be pin-pointed to one
discrete section with gamma/sonic/neutron anomalies
at 86.2 meter and is flowing upwards, as seen on the
decrease in the salinity recording, above this
section.

The point resistance mean apparent value is 21.3
kOhm, which approximately corresponds to a true
formation resistivity of 42 kOhmm. The log is



31

detailed, revealing a number of anomalies, thus pin
pointing fractures/ clay minerals.

Two significant resistivity sections are visible in
the point resistivity log, both consisting of a
number of small discrete anomalies. These two major
sections are located at the intervals, 24.0-26.6 and
81.2-89.0 meter borehole depth. Three minor anomalies
are present at the following depths; 28.7-30.7,
52.8-53.9 and 64.9-65.6.

The mean resistivity obtained from the Normal
resistivity log is .183 kOhmm, which corresponds to a
true resistivity of 101 kOhmm (Fig. 4.4.2). The two
significant sections present in the point resistance
log are also present in the normal log results. The
normal log also show minor anomalies related to and
supporting some of the minor anomalies encountered in
the point resistivity log.

The 'empirical' porosity log (Fig. 4.4.2), derived
from the normal resistivity log, shows a mean value
of 0.64%. Maximum value is 1.43% at the major unit
between 81.2-89.0 meter while the minimum value is
0.38%. The porosity log, derived from the normal
resistivity log, is almost a smooth copy of the
fracture intensity log obtained from the mapping of
core samples. This can be seen in Appendix 1 where
the 'natural fracture intensity log' is compared to
the porosity log. The empirical 'porosity' for
borehole Dl obtained from the sonic log, according to
Wyllies formula, shows a mean value of 2.11% with the
highest value of 6.8% at the major fracture zone.

The recorded mean neutron ratio value is 0.73. There
are two significant neutron anomalies located at the
two major fracture zones between 24.0-26.6 and 81.2-
8 9.0 meter. The most striking neutron feature is the
neutron ratio anomaly, with a relative high neutron
ratio, (actually consisting of two discrete neutron
anomalies) recorded at the major fracture zone
between 81.9-89.0 meter. The upper part, 81.2-82.4 m,
of the major fracture zone (81.2-89.0 m) is
characterized by a minor positive neutron anomaly,
indicating a section with somewhat different physical
parameters compared to the entire fracture zone. The
other fracture zone at 24.0-2 6.6 meter is
characteristic with its distinct low neutron ratio
response.

There is also a number of minor neutron anomalies
corresponding to the most of the point resistance log
anomalies, thus supporting the interpretation of
fracture zones/clay minerals being present at the
depths given above.
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The mean value of the P-wave velocity obtained from
the sonic log, in borehole Dl, is 6170 m/s. The sonic
log reveals three significant sections with lower
velocities indicating and supporting fracture zones.
Two of these zones corresponds to the two significant
fracture zones as seen on the previous logs, namely
the sections between 24.0-26.6 and 81.2-89.0
borehole depth. The third significant sonic anomaly
is located at the interval 52.6-53.3 and is
supporting the interpretation of a fracture zone, as
seen on the gamma-, resistivity- and neutron-logs.

There is also a number of minor sonic anomalies
corresponding to the most of the point resistance log
anomalies, thus supporting the interpretation of
fractures/fracture zones being present at the depths
given above.

The mean temperature in borehole Dl is 11.2 °C with a
maximum temperature of 11.3 °C at the bottom of the
borehole.

The mean salinity recording is about 145 ppm
equivalent NaCl solution down to 86.2 meter where the
recorded salinity increases, indicating water inflow
with a flow direction upwards. This waterbearing
fracture is a part of the major fracture zone
between 81.2-89.0 meter.

The horizontal temperature gradient log is hard to
interpret in terms of water movement with an
acceptable accuracy.

The caliper results revealed no specific information
on the rock formation or any significant variations
from the expected 76 mm.

CONCLUSION - Dl

The combined interpretation of the geophysical log
results reveal two major fracture zone in borehole
Dl. These fracture zones are located in the intervals
24.0-26.6 and 81.2-89.0 meter borehole depth. Two
less prominent units with fractures/fracture zones
are present in borehole Dl between the following
intervals/ 52.6-53.9 and 64.9-65.6.

Further small fracture/clay mineral zones are
visible where the point resistance log and the 3onic
log shows negative anomalies.

The lithology in the vicinity of borehole Dl does not
seem to vary much from the normal Stripa granite. The
recorded gamma activity, in the vicinity of borehole
Dl, is in agreement with previous results from the
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Stripa mine. The granite seems to be relative
competent, with its relative high P-wave velocity
(mean value about 6170 m/s).

Natural water is entering borehole Dl in the two
major fracture zones at 24.0-26.6 and 81.2-89.0
meter, flowing upwards. The water entering Dl at the
interval 81.2-89.0 can explicitly be pin-pointed to
one discrete section with gamma/sonic/neutron
anomalies at 86.2 meter.
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Figure 4.4.1 Results from the geophysical borehole
measurements in Dl.
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Figure 4.4.2 Empirical 'porosity' for borehole Dl obtained
from the Normal resistivity log through the
application of Archies law.
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COMPARISON BETWEEN THE BOREHOLES

The correlation of the logging results, from stage 3
(and stage 1), has been performed in order to verify
or invalidate the preliminary predictions made in
stage 2 (Olsson et.al., 1988). As the depth of
investigation with the used geophysical logs, is less
than 10 meters, an additional degree of uncertainty
in the correlation of altered/ fractured zones
between the boreholes is introduced. However, as the
main zones have quite characteristic physical
properties resulting in characteristic anomaly values
and shapes, it is possible to correlate certain zones
between some of the holes.

The comparison between the boreholes must also take
into account the normal or mean physical properties
of the rock surrounding the boreholes. In Table 5.1 a
summary of these mean values is presented.

Table 5.1. Approximate mean physical properties.

Method Cl C2 C3 Dl Unit

Normal res. 63 76 80 101

Single Point 28 33 39 43

Porosity 0.5 0.5 0.6 0.6

Thermal neutr. 0.8 0.8 0.8 0.8

Caliper 75 76 - 78

Temperature 11.6 11.7 11.0 11.2

Salinity 265 225 175 150

Sonic 6.2 6.1 6.2 6.2

Gamma activity 195 200 195 95

kOhmm

kOhm

(ratio)

mm

ppm (eq.NaCl)

km/s

Please note that the gamma activity measured during
stage 3 is significantly higher than previous
measurements in the Stripa mine and is explained by
radon daughters attached to the borehole wall and is
due to the long period of time between drill-stop and
borehole logging. Otherwise, the lithology in the
vicinity of the boreholes, measured during stage 3,
does not seem to vary much from the normal Stripa
granite. The mean values, of the recorded physical



37

parameters, is generally in agreement with previous
results from the Stripa mine.

In Appendix 1 a schematic comparison between the
natural fracture frequency (mapping of core samples)
and porosity (calculated from the normal resistivity
logs) is shown. It can be seen that the fracture
frequency controls the porosity variation.
Furthermore, the matrix porosity can be determined.
In boreholes Cl, C2 and Dl zero fracture frequency
thus corresponds to about 0.5% porosity, while in
borehole C3 the matrix porosity seems to be in the
order of 0.6%. This is a somewhat higher value than
the matrix porosities determined during stage 1
(0.1-0.5%).

A general conclusion based on the geophysical
logging results is that the preliminary predictions
made in stage 2 (Olsson et.al., 1988), are adequate.
The results from the geophysical logging, presented
above, can support the four predicted fracture/
fracture zones GHa, GHb, GA and GB whereas the
predicted zones GC and GI are hard to confirm from
the logging results.

The two major fracture zones labelled GHa and GHb are
generally characterized by a low P-wave velocity and
low resistivity (single point and normal resistivity)
combined with minor neutron and natural gamma
anomalies. These two fracture zones, which are nearly
parallel and closely located, can at some sections be
regarded as components of one major fracture system.

Fracture zone GHa is very distinct in borehole Cl at
49 meters depth with a very low sonic recording. In
borehole Cl it is apparent that the fracture zone GHa
is one component of a larger fracture zone between
45.9-53.9, consisting of three individual fractures/
fracture zones at about 47, 49 and 54 meters depth.
The anomaly at 54 meter refers to the fracture zone
GHb and is depicted by the low resistivity. The
salinity log reveals that the main water flow, in
borehole Cl, is occurring at the GHa zone, even
though a relative small water flow is observed at the
GHb zone.

In borehole C2 the fracture zone GHa is depicted by a
resistivity anomaly and located at 58.9-59.4 meter
whereas the GHb zone is located between 65.4-67.6
meter and characterized by a relatively larger
resistivity anomaly combined with an extremely low P-
wave velocity. The salinity log indicates that both
the GHa and GHb zones are sections with natural water
flow and that the hydraulic connection between
boreholes Cl and C2 is good.
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The location of the GHa fracture zone, in borehole
C3, is in the interval 53.2-53.9 and is characterized
by the low sonic and resistivity recordings in
combination with neutron and natural gamma anomalies.
The GHb fracture zone is situated at the interval
59.3-59.8 meter and is readily observed by the low
sonic and resistivity values. The water flow in
borehole C3 is quite complex as seen on the
geophysical logs. Natural water is entering the
borehole at the GHa- and GHb zones. The inflow of
natural water in the GHa section between 53.2-53.9
meter is detected by the decrease in salinity above
this section. Furthermore, the inflow at this
interval is not causing more than just a small
decrease in the gamma activity indicating a low flow
rate upwards. The water inflow at the GHb zone at
59.3-59.8 meter is clearly detected by the sharp
temperature change and the marked change in gamma
activity. The decrease in salinity, above the GHa and
GHb sections, indicates that the Cl borehole is
hydraulic connected with boreholes Cl and C2 through
the GHa and GHb zone.

The location of fracture zone GHa in borehole Dl is
between 24.0-26.6 meters <!<=>pth and is indicated by
distinct sonic and resistivity anomalies combined
with low neutron and natural gamma readings. Fracture
zone GHb is located at the interval 28.7-30.7 meters
depth and is characterized by minor sonic and
resistivity recordings. The salinity and the
temperature log indicates that natural water is
flowing in fracture zone GHa at about 26 meters
borehole depth.

The observed borehole intersections with the
fracture zones GHa and GHb, presented above, are in
good agreement with the intersections predicted
previously, by Olsson et.al., 1988, see Tables 5.2
and 5.3.

Table 5.2. Borehole intersections with fracture zone GHa
interpreted from geophysical logging results
(Stage 3) compared with intersections predicted
in Stage 2 (Olsson et.al.,1988).

Borehole Predicted Observed
intersection (m) intersection (m)

_ _ __

C2 56 59
C3 51 54
Dl 20 26
Wl 47
W2 55
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Table 5.3. Borehole intersections with fracture zone GHb
interpreted from geophysical logging results
(Stage 3) compared with intersections predicted
in Stage 2 (Olsson et.al.,1988).

Borehole Predicted
intersection (m)

56
67
61
30

Observed
intersection (m)

54
66
59
30
63
67

Cl
C2
C3
Dl
Wl
W2

In Figure 5.1 a cross-plot of the observed borehole
intersections, displayed in Table 5.2, are presented
in a Wulff-plot indicating that the fracture zone GHa
is striking about N350*E and dipping about 70*E which
is in satisfactory agreement with the predicted
N355*E and 60'E.

In Figure 5.2 a cross-plot of the observed borehole
intersections, displayed in Table 5.3, are presented
in a Wulff-plot indicating that the fracture zone GHb
is uniquely determined with a N355*E strike and a
60*E dip which is identical with the predicted strike
and dip.
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Figure 5.1 Wulff plot of the orientation of zone GHa
derived from conibinations of its observed
intersection points with the boreholes Cl, C2,
C3, Dl, Wl and W2.
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I,fatt fa *• « • ( « • • * • <
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Figure 5.2 Wulff plot of the orientation of zone GHb
derived from combinations of its observed
intersection points with the boreholes Clf C2,
C3, Dl, Wl and W2.



41

The fracture zone labelled GA is visible only in
boreholes Cl and C2, of the boreholes drilled in
Stage 3, due to the limited length of boreholes C3
and Dl. The location of fracture zone GA in borehole
Cl is between 123.3-125.2 meters depth and is
observed by its low resistivity- and P-wave
recording, in combination with neutron and natural
gamma anomalies. In borehole C2 the feature GA is
depicted only by two minor point resistivity
anomalies at 101.6 and 102.7 meters depth. Also, the
relative high fracture frequency, derived from
mapping of core samples is coupled to the GA zone.
The differences in the geophysical log response from
feature GA indicates that fracture zone GA is not
homogeneous throughout the investigated rock mass.

The observed borehole intersections with the
fracture zone GA, presented above, are in good
agreement with the intersections predicted
previously, by Olsson et.al., 1988, see Table 5.4.

Table 5.4. Borehole intersections with fracture zone GA
interpreted from geophysical logging results
(Stage 3) compared with intersections predicted
in Stage 2 (Olsson et.al.,1988).

Borehole Predicted Observed
intersection (m) intersection (m)

~C1 fl8 124
C2 101 101-102
C3 142
Dl 120
Wl 210
W2 141

= Boreholes to short

In Figure 5.3 a cross-plot of the observed borehole
intersections, displayed in Table 5.4, are presented
in a Wulff-plot indicating that the fracture zone GA
is determined with a N045'E strike and a 40'E dip
which is in good agreement with the predicted N040'E
and 35*E.
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Figure 5.3 Wulff plot of the orientation of zone GA
derived from combinations of its observed
intersection points with the boreholes Cl, C2
and W2.

The fracture zone labelled GB is visible only in
boreholes Cl, C2 and Dl, of the boreholes drilled in
Stage 3, due to the limited length of borehole C3.The
location of fracture zone GB in borehole Cl is
between 92.3-96.0 meters depth and is observed by its
low P-wave recording. In borehole C2 the feature GB
is depicted by a minor point resistivity anomaly at
81.3-82.0 meters depth. In borehole Dl the feature GB
is characterized by an exceptional anomaly pattern
including very low resistivity and sonic recording
combined with extraordinary high neutron and natural
gamma readings. The differences in the geophysical
log response from feature GB indicates that fracture
zone GB is not homogeneous throughout the
investigated rock mass.

The observed borehole intersections with the
fracture zone GB, presented above, are in good
agreement with the intersections predicted
previously, by Olsson et.al., 1988, see Table 5.5.
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Borehole intersections with fracture zone GB
interpreted from geophysical logging results
(Stage 3) compared with intersections predicted
in Stage 2 (Olsson et.al.,1988).

Borehole Predicted
intersection (m)

Observed
intersection (m)

Cl
C2
C3
Dl
Wl
W2

95
80

109
79 84

93
82

135
90

= Borehole to short

In Figure 5.4 a cross-plot of the observed borehole
intersections, displayed in Table 5.5, are presented
in a Wulff-plot indicating that the fracture zone GB
is determined with a N035'E strike and a 45*E dip
which is in good agreement with the predicted N040'E
and 40'E.

NORTH

SOUTH

Figure 5.4 Wulff plot of the orientation of zone GB
derived from combinations of its observed
intersection points with the boreholes Cl, C2,
Dl, Wl and W2.
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An attempt was also made to correlate the significant
neutron anomalies in boreholes Cl (66.8-68.8 axid
83.4-85.8 meter borehole depth) and C2 (77.7-79.5 and
95.8-97.8 meter) interpreted to be correlated with
lithological variations, with results from the other
investigated boreholes, without any progress.

DISCUSSION

Previous investigations in the Stripa granite
(Carlsten et al, 1985) have shown that the major
tectonic units exhibit a complex pattern of
tectonization and alteration. These major units
generally constitute the most fractured parts of the
rock surrounding the boreholes. However, the degref
of alteration, tectonization and fracturing for eacn
unit can exhibit a large variation between various
locations within the granite.

It has also been shown that the fractures within the
major units often have a dominating direction more or
less subparallel with the extension of the units.
This high degree of conformity of the fracturing and
the major units of deformation is believed to be an
effect of that later fracturing to a large extent
follows old scars in the bedrock (Duran and
Magnusson, 1984). However, other fracture directions
are common in the undeformed granite.

As the physical properties are expected to vary
along the extension of the major units, it is
accordingly a difficult task to correlate the units
between the boreholes based on the geophysical
logging results. However, as the main zones have
quite characteristic physical properties resulting in
characteristic anomaly values and shapes, it is
possible to correlate certain zones between some of
the holes, assuming the units to be planes. In this
report the geophysical logging results has been used
in order to verify or invalidate the preliminary
predictions made in stage 2 (Olsson et.al., 1988).

A general conclusion based on the geophysical
logging results, made in this report, is that the
preliminary predictions made in stage 2 (Olsson
et.al-, 1988), are adequate. The results from the
geophysical logging, presented above, can support the
four predicted fracture/ fracture zones GHa, GHb, GA
and GB whereas the predicted zones GC and GI are hard
to confirm from the logging results.

The fracture zone GHa is, based on the observed
borehole intersections derived from the geophysical
logs, found to be striking about N350*E and dipping
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about 70°E which is in satisfactory agreement with
the predicted N355*E and 60*E. The feature GHb is
found to be striking N355*E and dipping 60*E which is
identical vith the predicted strike and dip.

Furthermore, the fracture zone GA is determined with
a N045*E strike and a 40 *E dip which is in good
agreement with the predicted N040*E and 35 *E. The
fracture 2->ne GB is determined with a N035*E strike
and a 45'E dip which is in good agreement with the
predict-ed N040*E and 40 *E.

The major units have the most anomalous physical
properties and they are generally associated with the
most marked log responses. However, compared to other
investigations in the Stripa granite (Carlsten et al,
1985), the major zones hereby distinguished seem to
be quite small. Their apparent widths are ranging
from half a meter up to five meter at the most, and
the magnitudes of the log responses are relatively
small.

The physical properties of the major zones in
comparison to the properties of the undeformed
granite can be summarized as follows;

At the major units the natural gamma activity
leg often shows a decrease in gamma radiation.
However, in many cases it occurs an enrichment
of radioactive minerals in the healing matrix
of the fractures. Thus, fracture zones can be
associated with both anomalously high and low
natural gamma radiation.

The gamma activity measured during stage 3 is
significantly higher than previous
measurements in the Stripa mine and is
explained by radon daughters attached to the
borehole wall and is due to the long period of
time between drill-stop and borehole logging.
The presence of radon/radon daughters in the
boreholes increases the mean background level
up to about 200 fIR/h.

The major units generally constitute the more
low resistive sections in the boreholes, i.e.
about 20-30 kOhmm, mainly due to current
transport through the fractures. The background
level in the more competent rock is about 100
kOhmm as seen on the corrected normal
resistivity logu.

The calculated porosity of the undeformed rock
seems to be in the order of 0.2-0.6 %, while
the main units have porosities ranging up to
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1.5 %. It is evident that the fracture
frequency almost totally controls the porosity.

When studying the absolute values of
calculated porosity, derived from the normal
resistivity logs, please keep in mind that
these values are based on an empirical Archie
equation, which in turn is based on laboratory
measurements. As these laboratory measurements
have been shown to generate too low porosities
when investigating low porosity samples, the
porosity values calculated in this report will
obviously include the same error.

The calculated porosities, derived from the
sonic log is generally much higher than
calculated porosities derived from the
resistivity logs, due to the matrix velocity
used. The matrix velocity used in the porosity
calculation was determined from the maximum
recorded P-wave velocity in each sonic log and
as the maximum sonic values recorded were
exceptionally high (6500-6800 m/s), the
calculated porosity were unreasonably high. The
sonic-derived porosity logs are included in
this report merely to show the relative
resemblance of the two porosity logs.

The thermal neutron logs partially correlate
well with the resistance and resistivity logs.
In certain cases the neutron log even exhibit
better resolution than the electric logs.

In general both sonic and single point
anomalies occur at ie main units. However,
sonic anomalies occurs rather frequently
elsewhere. Both the sonic and the single point
method have small penetration depth and are
more or less sensitive to disturbances close to
the borehole wall. Accordingly, some anomalies
probably reflects mechanical damage of the
borehole wall, caused by the drilling.
Previous investigations by Nelson et al (1982)
have shown that the sonic anomalies correlate
rather well to a sensitive three-arm caliper.

The salinity of the different borehole fluids
varies a lot, which indicates minor exchange of
water between the holes. However, the salinity
log results are indicating hydraulic connection
between the Cl, C2 and C3 boreholes through the
GHa and GHb features.
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APPENDIX 1: Resistivity-derived porosity versus natural
fracture frequency
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APPENDIX 2: Resistivity-derived porosity versus sonic-
derived porosity.
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