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ABSTRACT

In the Swedish program for site investigations detailed
geological and geophysical investigations are performed at area
of 4-6 km at the surface. Normally around 10 deep core bore
holes are drilled. The length of the holes is normally from 600
to 1000 m. The holes are drilled to verify the location of
fracture zones and to investigate the physical and hydraulic
properties of the fracture zones at large depth. Investigations
have been performed in a number of sites with mainly granitic and
gneissic rocks.

The core from these boreholes is logged with the aid of
a microcomputer system. The cores are mapped with respect to
rock type, structure, fractures and fracture minerals.
Indications of water flow, shearing and core-discing are also
studied.

The boreholes are logged with a suite of geophysical
logs. Several different electrical logs are used and have been
found to be good indicators of fracture zones. Normally the
electrical logs in combination with the fracture frequency are
used to define the limits of fracture zones crossing the
borehole. The temperature log and the salinity log have prooved
to be good indicators of permeable zones.

The data from each hole is correlated with data obtained
from the other holes and the surface investigations to build a
fracture zone model which is used for the hydraulic modelling of
the site.

In order to verify the extension of the fracture zones
at a distance from the borehole cross-hole techniques have
been applied. At the Swedish test site Finnsjon and in the
Stripa mine the suitability of the mise a la masse technique for
mapping of fracture zones was tested. At the Finnsjo site it was
possible to map a fairly complex fracture system over distances
up to 150 m. In the Stripa mine the object was to follow the
extent of a major fracture zone for distances up to 600 m. It was
possible to obtain an indication of the orientation of the
fracture zone.



1. INTRODUCTION

The Swedish concept for final storage of spent nuclear fuel
is to construct a repository at a depth of about 500 m below the
ground surface. Several barriers are constructed to minimize the
transport of radioactive nuclides. The barriers consist of the
fuel material itself, the canister, the buffer material and the
bedrock surrounding the repository 111. An integrated site
investigation program has been developed to produce the geologic,
hydrologie and geochemical data needed for a safety analysis of a
selected site.

The detailed investigations on the surface cover an area of
4-6 km and the bedrock is investigated to a depth of about
700 m. Emphasis is put on describing the ground water flow, the
location and character of fracture zones and the chemical
properties of the groundwater. The data are used to produce a
descriptive geological and tectonical model of the site and a
numerical model of the ground water flow.

In Sweden several sites have been investigated (figure 1).
The four sites investigated after 1979 have been investigated
essentially according to the general site investigation program
described in 111, However modifications in the general program
have been made as called for by differences in the geological and
hydrological conditions. In the present paper special attention
will be paid to the geological and geophysical investigations
performed in boreholes.

The four sites investigated according to this program are;

Site Fjallveden, 80 km southwest of Stockholm, which is
characterized by flat topography with minor fracture
valleys in a north-westerly direction. The bedrock consists
of veined gneiss with steeply dipping strata of granite
gneiss 131.

Site Gideâ, 30 km northeast of Ornskoldsvik, is situated
within a plateau with an area of 100 km • Within the site
the topography is flat. The bedrock consists of veined
gneiss with strata of granite gneiss with a small dip M / .

2.

Site Kamlunge, 65 km northeast of LuleS, is situated on a
plateau with an area of 16 km , which is about 100 m
above the surrounding valleys. The bedrock consists of
gneisses and red granite. Within the site a horizontal
fracture zone has been found at a depth of 500 m 15/.

Site Svartboberget, 12 km west of Edsbyn, is situated on a
2.5 km wide and 5 km long ridge. The surrounding valleys,
which have a northwesterly direction, are at a level
75-85 m below the top of the ridge. The bedrock consists of
a strongly metamorphosed gneiss, migmatite. Characteristic
for this site is the presence of minor fracture zones with
a mutual separation of 30-80 m 16/.

CHOICE OF SITE

Reconnaissance studies are carried out continuously to find
new sites which are to be studied in detail. Detailed studies are



normally carried out at one or two sites each year. The following
factors are considered in the selection of a site:

- topography: a flat topography gives a small hydraulic
gradient.

major fracture zones: the site should not be Intersected by
any major fracture zones.

minor fracture zones: the frequency of minor fracture zones
should be small within the site.

- rock type: sites with different types of bedrock are to be
studied within the long term program. So far the
investigations have been concentrated to gneissic and
granitic rocks.

ore mineralizations: a site likely to contain potential
orebodies is avoided.

The selection of a site for detailed investigations is made
initially from available maps of geology, topography, and
geophysical measurements. The topographical maps are studied to
get a preliminary indication of the hydraulic gradients and the
location of groundwater recharge and discharge areas. Data on
well capacity is used to get a preliminary estimate of the
hydraulic conductivity of the region and of the type of bedrock.
Data from air photgraphs, satellite images, etc. are used to
obtain information about geologic structures and the presence of
important lineaments.

Geologic field studies are made at prospective sites to
gather additional data on outcrops, fracturing and rock type
distribution. If the site is considered promising after this
screening a preliminary geophysical study is made by means of
reconaissance profiles measured with proton magnetometer,
horizontal-loop EM (slingram) and VLF. The profiles are made to
get a rough picture of the presence of larger fracture zones.

If the data from the reconaissance studies are still
considered favorable, a reconaissance borehole is drilled to get
information about the bedrock properties at depth. The borehole
is normally vertical with a depth of 800-10C0 m. A geological
mapping is made of the core and geophysical and hydrological
measurements are made in the hole.

Following the evaluation of these studies a decision is
taken whether detailed investigations are to be performed or not.

3. SURFACE INVESTIGATIONS AT A SITE

The surface investigations at a site begin with a regional
geologic and tectonic study covering an area of about 100 km *
After this a detailed geologic and geophysical mapping is made of
the rock type distribution and the fracture zones. The detailed
investigations cover an area of 4-6 km2.

The geological investigations include detailed mapping of
the rock type distribution on all outcrops and detailed fracture
studies at about SO selected sites. The fracture frequency,
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width, fracture filling and orientation are registered along two
orthogonal profiles.

Geophysical measurements are made with a station spacing of
20 m and a line spacing of 40 m. The following methods are used;

Proton magnetometer measurements

- Horizontal loop EM (slingram) measurements,
frequency 18 kHz, intercoil spacing 60 m.

Resistivity and time domain IP, measured using gradient
array.

The imaginary component of the high-frequency horizontal
loop EM (slingram) measurements from the site Gideâ are shown in
figure 2. In the case of resistive and relatively thin overburden
the fracture zones are clearly indicated by anomalies in the
imaginary (quadrature) component. At this site the overburden is
resistive moraine and the thickness varies from zero to about 5
m.

The data from the geological and geophysical investigations
are evaluated to build a conceptual tectonical model of the site.
The surface investigation program now continues with the drilling
of a number of short boreholes. The purpose of the short
boreholes is to study suspected rock type boundaries and the
character and orientation of fracture zones. The holes are also
used to some extent for hydraulic interference tests. The
boreholes are normally percussion drilled and reach a depth of
100-200 m.

Data on water inflow and drilling speed are recorded during
drilling. This data is interpreted together with point resistance
and gamma log data to determine the intersection of the fracture
zones with the boreholes.

The surface investigations give information on the rock
type distribution and fracturing in the surficial parts of the
site. The location at the ground surface, orientation and
character of the dipping fracture zones is relatively well
established.

4. DEPTH INVESTIGATIONS

The object of the depth investigations are to characterize
the geologic and hydrologie conditions of the the bedrock down to
a depth of 600 m. Special emphasis is put on the characterization
of the hydraulic properties of fracture zones and different rock
types and the chemical properties of the ground water. A
comprehensive investigation program is carried out in the holes
including geologic mapping of the cores, geophysical logging,
hydraulic water injection tests, plezometric measurements and
chemical water analyses.

Based on the results from the surface investigations
several core boreholes are drilled to a vertical depth of about
600 m. The boreholes normally have a dip of 60 degrees and a
length of 700 m. The boreholes have in most cases been directed
towards fracture zones, which have been observed at the ground



surface and in the short boreholes, with the objective to
intersect them at a depth of 300-500 m. In some cases boreholes
have been aimed at suspected rock type interfaces or located in
parts of the site where the results from the surface
investigations have been difficult to interpret. Up to 15 deep
holes have been drilled at each site*

4.1 Geological investigations

The drill cores are mapped with respect to rock type,
structure, fractures and fracture minerals. Studies are also made
of indications of water flow, rock movements (slickensides) and
sections with low rock strength or high rock stress
(core-discing). Samples are taken for chemical and mineralogical
analyses of rock type and fracture minerals.

The core logging is performed with the aid of an ABC800
microcomputer. The core logging with this system takes about the
same amount of time as manual registration of the results, i.e.
50-150 tn/day. The great advantage with a computerized core
logging system is in the treatment of the data which may be
summarized in the following points:

- Plotting of the core log is made automatically after
completed core logging. Time consuming draftwork is
avoided.

- Statistical treatment of the data can be made promptly as
it is in computer compatible format.

- Correlation studies with geophysical and hydrological
investigations performed in the borehole is easily made.
The geologic data may be automatically plotted in a
composite log together with other logs.

The symbols and codes used in the core logging are shown in
figure 3 and an example on the output from the micro computer
system is given in figure 4. A more detailed description of the
system is given in /7/.

The boreholes through the fracture zones give information
on the width and the degree of tectonization of fracture zones.
Samples are taken from the drill cores for determination of
several physical parameters and detailed fracture mineral
studies. Studies of fracture minerals give information on the
sorptive properties of the fracture coatings to radionuclides and
can give an idea of the age of the fracture zones.

4.2 Geophysical investigations

The geophysical logs are used to describe the properties of
the bedrock in the vicinity of the borehole, such as lithology,
hydraulic properties, and water chemistry. The data are also used
to determine sections in the boreholes for detailed measurements
of hydraulic conductivity and chemical water sampling.

In all core boreholes a standard well logging program is
conducted comprising the following methods:

- Borehole deviation
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- Natural gamma

- Point resistance

- Resistivity, normal and lateral,
array length 1.6 m

- Self potential

- Temperature

- Salinity (borehole fluid resistivity)

- Induced polarization (made only in a limited number of
holes at each site)

To investigate the relation between the physical properties
of the bedrock and the results obtained with the logs
petrophysical measurements are made on core samples. The
following parameters are measured: density, porosity,
resistivity, IP, susceptibility, and rémanent magnetization.

Since most of the logs used are standard geophysical logs
they require little futher explanation. Some comments will be
made nevertheless on the experience gained as these might be of
general interest and on the purpose of each log in the
investigation program.

The natural gamma log gives information on changes in the
mineral composition of the bedrock, specifically the contents of
radioactive minerals.

The point resistance log shows the presence of fractures
and electrically conductive minerals in the borehole wall. The
electrode of the point resistance log is made very short (5 cm)
and the probe is made so as to almost completely fill the
borehole. This design makes it possible to obtain a good
resolution, and in some cases even single fractures are resolved.
The effect of tlie borehole fluid is reduced by the large diameter
of the probe, but in case of saline water (borehole fluid
resistivity less than 10 ohmm) the resolution will deteriorate.

The resistivity logs (normal and lateral) give information
on the presence of fracture zones and conducting minerals. The
electric logs are used together with the results from the core
logging to define the width of the fracture zones. The normal
resistivity may also be used to determine the porosity /8,9/.

The self potential log indicates the presence of
electrically conductive minerals (sulphides, graphite) and water
flow in or out of the borehole. The self potential measurements
are made with a Cu-CuSO, electrode in the borehole. With these
electrodes improved reproducability is obtained compared to lead
electrodes•

The temperature log will give the temperature of the
borehole fluid thus information is obtained on water permeable
fracture zones and water flow along the borehole. From the
temperature log the temperature gradient is calculated.
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The borehole fluid resistivty log will give the salinity of
Che groundwater. Salinity variations indirectly indicate the
presence of permeable fractures. The salinity is measured with a
four electrode system to minimize errors caused by oxidation of
the electrodes.

The induced polarization log will indicate the presence of
electrically conductive minerals (e.g. sulphides, graphite) in
the vicinity of the borehole.

In figure 5 results from the borehole Km 12 in Kamlunge are
shown. The upper part of the borehole intersects several fracture
zones. The zones are clearly indicated on the single point
resistance and the fracture frequency logs. Note the good
correlation between these two logs. Some of the fracture zones
also have high hydraulic conductivity. The permeable zones cause
temperature anomalies which are very easily seen on the
temperature gradient plot. The temperature log is made only a few
days after the drilling is completed, so that stable temperature
conditions have not yet been obtained. One effect of the drilling
is that warm water from deeper levels is injected into the
permeable zones. The warm water will cause a temperature anomaly
at the fracture which will decay with time /10/. This type of
anomaly can be seen at the fracture zones 2 and 3. The permeable
fracture zone 4 is associated with a change in salinity.

An interesting example of the lithologie information
obtained from the geophysical logs is the borehole Fj5 in
Fjallveden, figure 6. The dominating rock type in the borehole is
a veined gneiss or gneiss migmatite. There are also strata of
granite gneiss, which are important because they have a higher
hydraulic conductivity than the veined gneiss /3/. The granite
gneiss has higher contents of radioactive minerals, i.e. a higher
gamma radiation level, and lower contents of sulphides, i.e.
lower IP-effect and higher resistivity, compared to the veined
gneiss. The granite gneiss at a depth of about 400 m stands out
clearly. The logs have been a substantial aid in the core logging
and for the identification of the granite gneiss strata in the
percussion boreholes. The granite gneiss appears in layers
parallell to the foliation of the veined gneiss, thus the layers
have a northeasterly strike and a vertical dip. Combining the
geologic and the geophysical information from all the boreholes
at the site it was possible to construct a map of the granite
layers at Fjallveden, figure 7.

5. CROSS-HOLE ELECTRICAL INVESTIGATIONS

Parallell to the investigations performed according to the
standard program at the study sites a development of cross-hole
techniques has been in progress. Cross-hole electrical
measurements have been tried at site Finnsjon and in the Stripa
mine. Cross-hole electrical measurements are commonly known under
the name mise-a-la-masse and have been used extensively in ore
prospecting. A research program was set up to test the
applicability of the technique for the mapping of fracture zones
and development of interpretation methods.

I the mise-a-la-masse technique a current electrode is
placed in the borehole in a position where it will be in contact



with a conductor. The other current electrode is placed on the
ground surface far enough from the area of investigation so that
its influence will be negligble. The potential field from the
current electrode in the ground is measured by a potential
electrode on the ground surface or in other boreholes.

In homogeneous bedrock the potential from the current
electrode will be spherically symmetric. Deviations from this
pattern will indicate the presence of electric conductors such as
fracture zones. To get a qualitative picture of the results and
to enhance the small deviations often caused by fracture zones it
is useful to define an apparent resistivity, £> . The apparent
resistivity is defined through the following equation

a» 47TR

where VI is the measured voltage corrected for the effect of the
ground surface and the other current electrode and R is the
distance to the current electrode.

To get a semiquantitative interpretation of the mise-a-la-
mas se measurements the parameters of a resistivity model of a
fracture has been varied to fit the measured data as closely as
possible. The fracture has been modeled as a conductive sheet,
with resistivity J, a n d thickness d, embedded in a resistive
surrounding, with resistivity e.. The conductive sheet is
considered to be of infinite extent. The orientation of the
modeled fracture zone is varied to obtain a good fit with
measured data. In this model the effect of the ground surface is
not taken into account. This model is a great simplification of
the actual conditions expected to occur in crystalline bedrock as
only one fracture at a time can be modeled.

5.1 Mise-a-la-masse measurements at the Finnsjo site

The first measurements on fracture zones using
mise-a-la-masse measurements were carried out in 1980 at site
Finnsjb'n, situated approximately 120 km north of Stockholm /ll/.
The bedrock of the investigated area consists mainly of
granodioritic gneiss with subordinate amounts of aplite,
pegmatite and amphibolite. The Finnsjo region is tectonized and
mylonites and breccias are common in connection with fracture
zones. The tectonized parts of the bedrock are very often red
coloured and foliated. The object of the survey was to find the
orientation of fracture zones in an area whith many boreholes.
Both crosshole and hole to ground surface measurements were
carried out.

The investigated area was 150x150 m. The area is penetrated
by seven percussion holes (<100 m deep) and one diamond drilled
hole (450 m deep). Measurements were carried out in all
percussion holes and on ground surface profiles every 20 m. The
current electrode was positioned at six different locations in
the drillholes where they were intersected by fracture zones.

From the resistivity logging it was possible to distinguish
the fracture zones under investigation. These zones reflected a
resistivity of approximatly 1000 ohmm which is 10-100 times lower



than the resistivity of the surrounding bedrock.

The apparent resistivity was calculated for all
measurements at Finnsjo, producing different anomaly maps
corresponding to each fracture zone where a current electrode was
positioned. Together with the results from TV- and resistivity
logging of the drill holes a three dimensional model of the
geometry of the fracture zones were obtained. An example of the
the apparent resistivity profiles at the surface are shown
together with the resistivity log data in figure 8. The
interpretation of the mise-a-la-masse data is in agreement with
the existing geologic knowledge of the fracture zones.

5.2 Mise-a-la-masse measurments at Stripa

At the Stripa mine, situated approximately 180 km west of
Stockholm, crosshole measurements were carried out in four
boreholes at the 360 m and 410 m levels below the ground surface
/12/. The aim of this study was to find the orientation of a 40 m
wide fracture zone located in one of the boreholes.

The mise-a-la-masse or cross-hole electrical measurements
in the Stripa mine have been made as a part of the
hydrogeological program of the OECD/NEA International Stripa
Project. The purpose of the hydrogeological program is to design
and test methods and instruments for geologic and hydraulic
studies in horizontal boreholes. The area is situated at the
360 m level in a part of the mine devoid of iron ore
mineralisation. The bedrock consists mainly of a red granite with
a relatively low degree of fracturing.

In connection with the hydrogeological investigations,
three holes have been drilled: a horizontal northerly-trending
hole of 300 m (NI), a horizontal, easterly-trending hole of 300 m
(El), and a vertical hole (VI). All three holes are drilled at
the SGU site at the 360 m level in the mine, (figure 9). The
holes being drilled from essentially the same position thus
follow the edges of a cube starting from a common corner.

During the drilling of VI a large fracture zone was
encountered at 466 m and the drilling had to be discontinued at a
borehole length of 505 m. The orientation of the fracture zone
was not possible to determine from data available at that time.
In an attempt to determine the orientation and extent of this
fracture zone a cross-hole electrical survey was performed.

Measurements were carried out in the boreholes El, Nl and
V2 with the current electrode in borehole VI at a depth of 480 m.
Measurements were also carried out in VI with three different
locations of the current electrode at the depths 490, 550 and
737 m in borehole V2.

A preliminary interpretation based on the apparent
resistivities indicates that the fracture zone at the bottom of
VI intersects V2 at around 500 m borehole depth and possibly has
an orientation making it come close to Nl. With the preliminary
interpretation as a starting point the parameters of the fracture
model described above are varied to fit the corrected potential
values as closely as possible. First the resistivity and the
thickness of the fracture zone were made to roughly fit the data.
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The resistivity of the fracture zone was set to 4 000 ohmm and
the thickness to 40 m. The resistivity of the surrounding bedrock
was set to 40 000 ohmm. Thus the resistivity contrast used is 10.

When the resistivity and width of the fracture zone have
been determined, the orientation (i.e. dip and strike) was varied
to obtain as good fit as possible with the measured data. In
figure 10 the calculated potentials for three different models
are shown together with the measured data in borehole V2 whith
the current electrode positioned at a borehole depth of 480 m in
VI. For measurements in the borehole V2 a fracture zone with a
dip of 70°SE and a strike in the direction N40°E gives the
best fit with the data. In general, models where the zone
intersects V2 at large depths or not at all have given poor fits
to the data. One example is the model with the dip 75°NW and
strike N40°E which intersects V2 at around 580 m. The
calculated potentials for El and Nl do not differ much between
the different models due to the long distance between these holes
and the current electrode (about 600 m ) .

The measurements in VI with the current electrodes located
at 490 m and at 550 m in V2 also show the best fit for a zone
with the strike N40 E and the dip 70°SE. No good fit is
obtained with the current electrode located at 737 m.

Combining the information from the mise-a-la-masse data
with the single hole data a more accurate estimate of the
orientation of the zone may be obtained. A zone intersecting V2
at 409 m and Nl at 270 m is the most probable interpretation,
i.e. with the strike N55°E and the dip 64 °SE. This
interpretation is also supported by results from hydrological
interference tests. No additional drilling has been performed to
verify this interpretation.

A combined evaluation of the data from all the boreholes
has made it possible to give an estimate of the orientation of
the fracture zone. The data which have been most diagnostic of
the orientation of the zone are the ones obtained in V2. This is
natural because this is the hole closest to the current
electrode. For the type of interpretation used here we may
estimate to get an accuracy in the determination of the
orientation of the zone somewhere in the order of 20~o

The orientation of the boreholes has not been optimal for
obtaining diagnostic data on the orientation of the fracture
zone. The limitation of measurements to the existing boreholes
will give information on the potential field only along a few
lines in space. In a mine there will also be problems with the
drift causing disturbances in the potential field which may be
hard to model or understand. Comparing with the measurements made
at Finnsjon it is evident that a more reliable interpretation of
mise-a-la-masse data may be obtained when the potential field is
measured so that it covers a surface rather than only along a few
boreholes.

Considering the limitations of the mise-a-la-masse
technique discussed above it has still given valuable information
on the geometry of the large fracture zone reached at the bottom
of VI. Future investigations will show if the interpreted
orientation of the fracture zone is the correct one.



11

6. MODELLING AND EVALUATION

In the evaluation of the site investigation data the
results from the geological, geophysical and hydrological
investigations in adjacent holes and from the surface
measurements are correlated to build a three dimensional model of
the site. The orientation, extent and width of the fracture zones
are inferred from the data. In some cases the data are ambiguous
or too scanty to make possible a reliable model of the site. In
such a case complementary investigations are made, e.g. extension
of the area measured at the surface, additional boreholes and
measurements therein.

The integrated analysis of the data obtained from a site is
compiled into a descriptive tectonical and geological model and a
three dimensional numerical model of the ground water flow. In
the numerical description of the ground water flow the location
and hydraulic conductivities of the fracture zones play an
important role.

At the sites Fjallveden and Gideâ it was found that the
strata of granite gneiss had a much higher hydraulic conductivity
than the dominating veined gneiss. At both sites the hydraulic
conductivity of the granitne gneiss was found to be greater than
the conductivity of the fracture zones. At the sites Kamluhge and
Svartboberget the fracture zones had a hydraulic conductivity
considerably higher than that of the rock mass. This is an
indication of the importance to establish the hydraulically
conductive units at each site and to map the geometrical
configuration of these units.

The steeply dipping fracture zones at the study sites show
repeted shear movements. Slickensides, brecciation, parts with
crushed rock and clay alteration are common. Fracture mineralogy
studies also shows hydrothermal minerals of precarabrian age.

The fracture zones at the sites have, generally, low
hydraulic conductivity that decreases with depth. This is belived
to be mainly due to clay alteration. An exeptlon is the
horizontal and subhorizontal fracture zones that in many cases
have high hydraulic conductivity. The reason for this is not
clear but probably it is due to a combination of unloading of the
bedrock during the inland ice episods and the recent high
horizontal and low vertical rock stress at the investigated
depths.

7. DISCUSSION

The site investigation program described has been employed
at several sites in granitic and gneissic rocks in Sweden. The
program has generally been found effective in producing the data
necessary for a safety analysis of a site. The applicability of
the different investigation methods has varied according to the
varying geological conditions. In the case of thin, resistive
overburden the geophysical surface investigation program has
proven to be effective in the detection of the dipping fracture
zones.

Especially in rock with low content of electrically
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conductive minerals the used combination of logging techniques
has been efficient in the localization and characterization of
fracture zones. However at sites where the sulphide content is
relatively high there has been difficulties in discriminating
between waterbearing fractures and the presence of conducting
minerals.

The geophysical logs give valuable data for the geological
and hydrological characterization of a site. A combined
evaluation of the core logging and the geophysical logging is
normally required to define the fracture zones and different
lithological units. The logs which give the best hydraulic
information are the temperature and the salinity logs.

In this type of investigations there is a need for
obtaining data on the properties of the bedrock and the fracture
zones at considerable distance from the borehole. The borehole
techniques used in the standard program normally give information
only about a relativley small volume around the borehole (in the
order of 1 m). The cross-hole electrical technique has already
been tested at a few sites with some success.

The measurements carried out at Finnsjo and Stripa
demonstrate that the mise-a-la-masse method may be used in the
detailed investigations of fracture zones in crystalline rocks.
Provided that there is a relatively high contrast in resistivity
between the fracture zone and the surrounding rock, and a
relatively uncomplicated system of fracture zones, the likelihood
of success is enhanced. The successful interpretation of results
from the mise-a-la-masse measurements demands a sound knowledge
of the geology combined with the results from ground and single
hole geophysical measurements.

Up to know, the experience of the mise-a-la-masse
technique is inadequate in order to generalise about the
method and its ability to map fracture zones in a crystalline
rock. However, in future several more investigations will be
carried out in Sweden which should provide a wider knowledge base
necessary for assessing the capabilities and limitations of the
method. The method may however be considered promising when used
to find the extent of fracture zones between boreholes. It has
capability to give information about relatively small fractures
in a smaller volume and major fracture zones in a fairly large
volume. A further developement of interpretional techniques and
field procedures is recommended.

A development of cross-hole geophysical techniques which
have higher resolution than the mise-a-la-masse technique and
considerable range is needed. With high frequency electromagnetic
and seismic techniques there is a possibility for obtaining more
detailed information about the fracture zones at a considerable
distance from the borehole »

Preliminary tests have this far been made with a borehole
radar system in Stripa. The system consists of a control unit on
the ground and borehole transmitter and receiver units. The
timing control and data transmission is made on optical fibres to
prohibit unwanted wave propagation on the borehole cable. The
system may be used both for single hole and cross-hole
experiments. In most of the experiments performed in Stripa
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transmitter and receiver have been placed in the same borehole
and the reflections from objects at a distance from the borehole
have been observed. Reflections have been observed from fractures
at a distance of 75 m and a drift 30 m from the borehole. Work is
in progress to increase the investigation range and the
resolution of the technique.

The borehole radar and the cross-hole seismic techniques
are now being developed as a part of the OECD/NEA International
Stripa Project.
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Figure 1. Sites investigated in Sweden.














