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ABSTRACT 

Posiva Oy prepares for disposal of spent nuclear fuel into bedrock focusing in 
Olkiluoto, Eurajoki. This is in accordance of the Decision-in-Principle of the State 
Council in 2000, and ratification by the Parliament in 2001. The ONKALO 
underground characterization premises have been constructed since 2004. 

Posiva Oy is aiming for submitting the construction licence application in 2012. To 
support the compilation of the safety case and repository and ONKALO design and 
construction, an integrated Olkiluoto site Description including geological, rock 
mechanics, hydrogeological and hydrogeochemical models will be depicted. 

Mise-à-la-masse (MAM) surveys have been carried out in the Olkiluoto area since 1995 
to follow electric conductors from drillhole to drillhole, from drillhole to the ground 
surface and also between the ONKALO access tunnel and drillholes or the ground 
surface. 

The data and some visualisation of the data have been presented as part of reporting of 
the 1995 and 2008 surveys. The work presented in this paper includes modelling of all 
the measured data and combining single conductors modelled from different surveys to 
conductive zones. The results from this work will be used in updating the geological 
and hydrogeological models of the Olkiluoto site area. 

Several electrically conductive zones were modelled from the examined data, many of 
them coincide with the known brittle deformation zones but also indications of many so 
far unknown zones were detected. 

During the modelling Comsol Multiphysics® software for calculating theoretical 
potential field anomalies of different models was tested. The test calculations showed 
that this software is useful in confirming the modelling results, especially in 
complicated cases. 

Keywords: Bedrock characterization, drillhole logging, Mise-à-la-masse. 



Päivitetty ja integroitu mallinnus 1995 – 2008 Mise-à-la-masse 
mittaustuloksista Olkiluodossa 

TIIVISTELMÄ 

Posiva Oy valmistautuu käytetyn ydinpolttoaineen loppusijoitukseen kallioperässä 
Eurajoen Olkiluodossa. Tämä on 1999 jätetyn hakemuksen, valtioneuvoston periaate-
päätöksen 2000 ja eduskunnan hyväksynnän 2001 mukaista. Maanalaisen kallion 
tutkimustilan, ONKALOn rakentaminen aloitettiin 2004. Rakennustyöhön on sisältynyt 
ajotunnelin louhinta nykyiseen n. 320 m syvyyteen sekä kolmen pystykuilun nousun-
poraus. 

Posiva Oy:llä on tarkoitus jättää rakennuslupahakemus vuonna 2012. Turvallisuus-
todisteiden sekä loppusijoitustilojen ja ONKALOn rakennesuunnitelmien kokoamisen 
tukemiseksi luodaan geologisen, hydrogeologisen ja hydrogeokemiallisen mallin ku-
vaus Olkiluodon tutkimusalueelta. 

Latauspotentiaalimittauksia (MAM) on suoritettu Olkiluodossa vuodesta 1995 lähtien 
sähköisten johteiden seuraamiseksi kairanreiästä kairanreikään, kairanreiästä 
maanpinnalle sekä myös ONKALOn tunnelin ja kairanreikien tai maanpinnan välillä. 

Mittaustulokset ja joitakin visualisointeja niistä on raportoitu vuosina 1995 – 2008 
tehdyistä mittauksista. Tässä raportissa esitetty työ sisältää kaiken mitatun datan 
mallinnuksen ja erillistä mittauksista mallinnettujen yksittäisten johteiden yhdistämisen 
johtaviksi vyöhykkeiksi. Tämän työn tulokset tullaan käyttämään Olkiluodon tutkimus-
alueen geologisen ja hydrogeologisen mallin päivityksessä. 

Mallinnuksen aikana testattiin Comsol Multiphysics® ohjelmistoa teoreettisten poten-
tiaalikenttien laskemisessa erilaisille malleille. Testilaskennat osoittivat, että ohjelmisto 
on hyvin hyödyllinen varmistettaessa mallinnustuloksia, varsinkin hyvin monimutkai-
sissa tapauksissa. 

Avainsanat: Kalliotutkimus, reikämittaus, latauspotentiaali. 
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PREFACE 

This report presents the updated modelling results of the Mise-à-la-masse (MAM) 
survey data measured during 1995 – 2008 in the Olkiluoto site area. 

The description of the MAM method and the theoretical modelling calculations of the 
potential field were done by Markku Paananen from the Geological Survey of Finland. 
He also wrote the summary of the electrical properties of Olkiluoto bedrock and carried 
out the comparison between the modelling results and the geological and 
hydrogeological features. The modelling of the survey data and the compiling of the 
report has been carried out by Turo Ahokas from Pöyry Finland Oy (former Pöyry 
Environment Oy).  

Work is part of Posiva Oy’s programme for spent nuclear fuel disposal. This study has 
been carried out by Pöyry Finland Oy (former Pöyry Environment Oy) and is based on 
contract for Posiva Oy. The contact person on Posiva Oy’s side was Mari Lahti. 
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1 INTRODUCTION 

Posiva Oy carries out the final disposal of spent nuclear fuel in Finland. In 2001 
Olkiluoto was selected for the site of final disposal. Excavation of ONKALO 
underground investigation premises commenced in 2004. 

Mise-à-la-masse surveys have been carried out at Olkiluoto in 1995, 2003, 2004, 2005, 
2006, 2007 and 2008. The results of the surveys and some visualisations of the data 
have been reported in several reports (Lahti & Laurila 2003, Laurila 1995, Lehtonen & 
Heikkinen 2004, Lehtonen 2006a and 2006b, Lehtonen & Tarvainen 2006, Lehtonen & 
Mattila 2007, Lehtonen 2007, Paananen 1996, Tarvainen 2007 and 2008, Kristiansson 
et al. 2009, Pitkänen et al. 2008). 

Almost all the deep drillholes at Olkiluoto have been included in the MAM campaings 
and an extensive area has been surveyd by ground profiles. A total of 94 different 
current earthing locations have been used during 1995 – 2008 surveys.  

The objective of this work was to model all the MAM data to support updating of the 
geological model of the site. Earlier modelling were concentrated to the main 
electrically conductive zones but now also the weakest conductors were taken into 
account and MAM-conductors presenting the same conductive zones from different 
surveys were combined using also geological, hydrological and some other geophysical 
(drillhole logging, EM-soundings, etc.) data. 

The Mise-à-la-masse data can be modelled in two slightly different ways: 1) following 
the best galvanic connections between the earthing and the survey stations (this can be 
called as “electric modelling or geophysical modelling”) and 2) trying to find 
geologically reasonable connections or zones (not necessarily the best galvanic 
connections) inside the net of conductors (this can be called as “geological modelling of 
geophysical data”). In this paper the latter approach was used. The other galvanic 
connections outside the modelled geological zones were handled as conductors joining 
the zones together. 

Because the MAM data includes also information from the conductors outside the 
examined conductor with no galvanic connection to the earthings (so called passive 
conductors), also these conductors were modelled. 

The results from this work have been and will be used in updating the geological model 
of the Olkiluoto area and integration of MAM-zones with the geological information 
will be done in connection of that work. 
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2 MISE-À-LA-MASSE METHOD 

The Mise-à-la-masse technique is an electrical resistivity method that has been 
conventionally used in ore prospecting for delineating electrically conductive 
subsurface ore bodies.  In this application, a current electrode is placed in the 
conductive body at a surface exposure, in a drill hole or in a tunnel, with a second 
current electrode in the ground at effective infinity (in practice at the distance of 2 – 3 
km at minimum, depends on the dimensions of the body). Electrical potential is 
measured between a moving and a fixed electrode (pole-pole configuration) or by a 
moving potential dipole (pole-dipole configuration). 

Equipotential surfaces caused by a point current source are spherical in the case of a 
homogeneous medium (Figure 2-1). A grounded conductive body, surrounded by a 
resistive medium, deforms the potential field, resulting in equipotential surfaces 
subparallel to the conductor (Figure 2-2).  

In the case of an ideal conductor, equipotential conditions prevail within the conductive 
body. Accordingly, the conductor is detected as a potential maximum with a potential 
flat at any location (Figure 2-3). It has been noted, however, that in practice the 
equipotential conditions are attained already with the resistivity contrast of c. 100 (e.g. 
Eloranta 1982). 

 
 

Figure 2-1. Equipotential lines caused by a point current source in homogeneous half-

space.
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Figure 2-2. Equipotential lines caused by a point current source in a conductive body 
embedded in resistive surroundings. 

 

 
 
Figure 2-3. Hypothetical potential distribution along a survey line related to a 
grounded conductor. The conductor is observed as a flat potential maximum. Arrow 
shows the location of the conductor. 
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Although the Mise-à-la-masse method has been applied mostly in studying orebodies, it 
has proved to be a potential method also in different kinds of environmental 
investigations. In these applications, the conductors may be significantly weaker than 
typical orebodies, resulting in complexity in the interpretation. This issue is further 
discussed in association with theoretical background for modelling in Chapter 4. 
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3 DATA 

In the modelling of the MAM data some other geophysical data and modelling results 
were used to support the modelling. Especially the results from the report describing the 
electrical model of Olkiluoto (Paananen et al. 2006) were used as a background data for 
this work. 

 
3.1 Mise-à-la-masse surveys carried out in 1995 and 2003 – 2008 

The Mise-à-la-masse surveys carried out in the Olkiluoto area are described in several 
Posiva Working Reports as presented in Introduction (chapter 1) and are not discussed 
here more detailed. The list of the earthing locations used in the Olkiluoto area during 
1995 – 2008 and the surveyed drillholes is available in a table in Posiva’s POTTI 
database (an example presented in appendix 1). 

The locations of the earthings were selected according to the geological information 
(brittle zones intersected by drillings), hydrogeological information (hydraulically 
conductive fractures) or geophysical drillhole logging data (electrically conductive rock 
types or fractures). 

The earthing locations are also presented in Figure 3-1 together with the surveyed 
drillholes. 

 

 
 
Figure 3-1. The locations of the earthings used in the Olkiluoto area during 1995 – 
2008 (orange circles) and the surveyed drillholes (red triangles). 
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A total of 94 earthings have been used (Table 3-1) in the surveys and almost all deep 
drillholes have been measured. Because many drillholes have been measured by several 
earthings, e.g. drillhole OL-KR4 has been measured 44 times the total amount of 
drillhole MAM measurements in Olkiluoto is 713. 

Several tens of thousand stations were also measured on the ground surface by different 
earthings. 

In addition to the Mise-à-la-masse surveys discussed in this paper also some tests or 
very detailed surveys have been carried out in the tunnel. The results of these works are 
discussed in separate reports (Lehtonen & Tarvainen, 2006). 

Table 3-1. The list of the earthings used in Olkiluoto during 1995 – 2008. 

 
 

3.2 Supporting data 

Olkiluoto has been a target of a continuous and extensive geophysical characterization 
program, starting from 1980’s. The program has included a wide range of different 
electrical and electromagnetic applications, providing large amount of information on 
the electrical properties of Olkiluoto bedrock. 

The electrical structure of Olkiluoto is rather complex, dominated by electrical 
conductors that have mineralogical origin such as sulphide minerals and graphite. 
Sulphidisation is recognized mainly as pyrrhotite disseminations, and, to lesser degree, 
as pyritic platings and pyrite vein stockworks. Sulphidised migmatites may contain 
several percent of disseminated pyrrhotite, occurring also in fractures. The thickness of 
these sulphide-rich zones varies from a few centimeters to several meters (Paananen et 
al. 2006). Deeper in the bedrock, groundwater is also highly saline, decreasing the total 
bedrock resistivity. Fracturing can also be observed as decreased resistivity due to 
elevated fracture porosity. The resistivity of a fracture zone highly depends on porosity, 
fluid resistivity and occurrence of mineral conductors. 
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Based on integrated interpretation of electrical single-hole measurements, MAM results, 
SAMPO wide-band EM soundings and HLEM (Slingram) survey, a combined electrical 
model of Olkiluoto has been previously compiled (Paananen et al. 2007). The basic idea 
of that work was the fact that the sulphide-rich zones and fracturing appear to coincide 
frequently. Accordingly, knowing the geometry of the major electric conductors would 
facilitate the interpretation of brittle deformation zones. In the previous electrical model 
of Olkiluoto, the geometry and properties of 16 gently dipping/horizontal conductive 
structures have been defined.  

Figure 3-2 shows a typical resistivity distribution with depth in Olkiluoto, this example 
is from drillhole OL-KR4. The results of long normal, short normal and Wenner array 
are presented. As the figure indicates, local variability of electric resistivity is rather 
high in Olkiluoto. The basic resistivity level is several thousands of ohm meters at 
minimum (depending on the used array), and there are numerous sharp minima within 
the uppermost 500 m. The minima correspond to resistivity values between c. 10 – 1000 
ohm-m, obviously indicating mineral conductors in most cases. The low resistivity 
values become much more sporadic at depths greater than 500 m. The same trend can 
also be seen in Figure 3-3, where the observed conductive sections are shown in 3D 
from long normal results of 45 drillholes, as well as in Figure 3-4, illustrating a 2D 
vertical section. 

 
 
Figure 3-2. Log results from drillhole OL-KR4: single point resistance, short normal, 
long normal and Wenner apparent resistivity (data from Suomen Malmi 1990, 
Heikkinen et al. 2004). Locations of modelled brittle deformation zones are also shown. 

In MAM surveying mostly good conductors (resistivity values mainly between 0.1 and 
1000 ohm-m) were used for earthings to create better contrast between the potential 
field values caused by the conductor and the background. The conductors should also be 
continuous to cause a clearly measurable potential field outside the earthing. Small local 
sulphide- or graphite-bearing rock units act like point-shaped conductors. 



14 

Table 3-2 (Paananen et al. 2007) presents an excerpt of more detailed documentation of 
electric conductors observed in the drillholes. The conductive sections have been 
characterised according to their (minimum) apparent long-normal resistivity value and 
probable occurrence of sulphide minerals or graphite. This has been deduced from the 
value and sharpness of the anomaly. Presence of pyrrhotite has been assessed by 
comparing measured magnetic susceptibility values to resistivity values. Furthermore, 
corresponding fracture zone indications and hydraulic anomalies have been documented 
from some holes. The results suggest that sulphide minerals occur in most of electrically 
conductive drillhole sections. In many cases, also distinct fracturing and hydraulic 
conductivity is related to them. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3-3. Interpreted conductive sections. Minimum apparent resistivity values: red: 
< 500 ohm-m, orange: 500 – 1000 ohm-m, green: 1000 – 5000 ohm-m. (Paananen et al. 
2007). View from NE. 
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Table 3-2. Example from a conductor documentation table (Paananen et al. 2007). 

 
 
The geometry of the conductors in details is highly complicated, consisting of a number 
of narrow semi-parallel sulphide-rich horizons. However, the general picture of 
electrical drillhole conductors at large scale in Olkiluoto is rather simple (Figure 3-4): 
most of the conductors are located near the ground surface at the depth of 0 – 400 m. 
Below the conductors, there is a c. 400 m thick conductor-free section in most 
drillholes. A new domain of conductors is found at the bottom of several deep 
drillholes. The margins of the different domains indicate gentle or moderate dips to S, 
as Figure 3-4 shows. 

On the ground surface, the electrical properties of Olkiluoto have been studied with a 
number of applications, including EM multi-frequency soundings and HLEM. The EM 
soundings reveal gently dipping/horizontal sulphide-bearing conductive zones, as 
illustrated in Figure 3-5 as an example. 

HLEM survey data indicates numerous, mostly ENE-WSW trending conductive 
features (Figure 3-6). The most distinct ones are probably ground exposures of the same 
sulphide-rich zones that have been observed in drillholes and by EM soundings. Less 
significant anomalies are typically related to bedrock depressions with a relatively thick 
soil cover and a zone of weakness below. 
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Figure 3-4. Overview of drillhole conductors, view from E (Paananen et al. 2007). 
Black lines outline the margins of different domains of the conductors. 

 

 
 
Figure 3-5. Electrically conductive structures (red colour) in a vertical section, 
detected by electromagnetic soundings. Arrows indicate ground exposures of the 
conductors (Paananen et al. 2006). 
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Figure 3-6. Locations of interpreted electric conductors, HLEM survey. (Paananen et 
al. 2006). 
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4 MODELLING METHODS 

4.1 Visualization of the data 

Some modelling has been done and presented in the earlier reports concerning the 
surveys (Lehtonen & Heikkinen 2004, Lehtonen 2006a and 2006b, Lehtonen & 
Tarvainen 2006, Lehtonen & Mattila 2007, Lehtonen 2007, Paananen 1996). In those 
reports the data has been mostly presented as potential field maps and cross sections. 
But because of the huge amount of data, all results are not presented and the modelling 
has been concentrated in the best galvanic conductors. 

The visualization of different surveys has been also done separately and for instance the 
results observed from same conductive zones in different surveys have not been 
combined together. In this work all the data has been used at the same time in the 
modelling and both single and combined models of different conductive zones are 
presented. 

 
4.2 Theoretical background for modelling cases 

Mise-a-la masse (MAM) method has been used conventionally in ore prospecting, 
where the studied electrical conductors are rather good compared to the conductors 
detected at the Olkiluoto site. Interpretation of MAM results in Olkiluoto has mostly 
been qualitative in nature, based on the location of the highest potential values, 
indicating the probable galvanic connection to the earthing point. In the case of weaker 
conductors, the location of the measured potential maximum does not necessarily 
indicate a galvanic connection (Paananen 1997). 

The galvanic response of some interesting basic geometries has been numerically 
modelled mainly in 2D, but also some 3D modelling has been done. The numerical 
calculations have been carried out with Comsol Multiphysics® software. Furthermore, 
the response of homogeneous half-space has been calculated analytically and fit to the 
data in a number of cases. The analytical half-space solutions have also been used in the 
validation of some numerical solutions. 

The calculated potential has been expressed as negative values in profile figures because 
of the reverse polarity of the survey data in all other figures in this report. Accordingly, 
in favourable conditions, a galvanic connection would be indicated as a potential 
minimum instead of a maximum. 

For the theoretical calculations carried out in this work, realistic models with gentle dips 
were considered to show the applicability of the method. Also some tests were carried 
out to model the observed MAM data. 

4.2.1 Gently dipping single conductor in resistive surroundings, drillhole 

survey, 2D modelling 

The first modelling case deals with a gently dipping (25°) conductor, with a current 
earthing in a hypothetical drillhole, surveyed along another drillhole (dip 75°) and a 
profile on the ground surface. The geometry and potential distribution of homogeneous 
half space (resistivity of host and conductor is 5000 ohm-m) are shown in Fig. 4-1. In 
Figure 4-2, used mesh and boundary conditions are shown. The left, right and bottom 
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boundaries of the host subdomain have been set to zero potential, whereas all the 
boundaries at the top of the model have been set electrically insulating. Electric 
potential through the internal boundaries (between the conductor and the host 
subdomain) is set to be continuous. The modelling parameters are as follows: 

Length of the model (in third dimension): 10000 m 

Dimensions of the host domain: 10000 m x 5000 m 

Thickness of the conductor : 10 m 

Dip of the conductor: 25°  

Dip of the drillhole surveyed: 75°  

Location of the drill hole surveyed: from (-700, 0) to (-440, -960) 

Location of the survey profile on the ground surface: X = -1000…1160 

Resistivity of the conductor 5 – 5000 ohm-m 

Host resistivity: 5000 ohm-m 

Current earthing at X = 160 m, Z = -250) within the conductor 

Strength of the current earthing: 10
-3

 A/m. 

 
Calculated potential distributions are shown in Figure 4-3 for the 2D plane, in Figure 4-
4 along the hypothetical drillhole and in Figure 4-5 along a ground profile. In this 
modelling, resistivity of the conductor has been varied between 5000 and 5 ohm-m. The 
figures show that with resistivities of 1000 and 500 ohm-m the conductor does not 
deform the potential field enough to distinguish it from the response of the 
homogeneous case. In the drillhole profile, the response clearly deviates from that of the 
homogeneous model with resistivity values of 100 and 50 ohm-m: the intersection of 
the conductor at 600 m can be seen as a significant change in gradient and the actual 
minimum is located at the conductor intersection at 600 m with 50 ohm-m resistivity. 
Finally, decreasing the resistivity to 10 and 5 ohm-m results in a clear and sharp 
potential minimum at the conductor intersection. In the ground profile, the potential 
minimum is located just above the earthing (Profile length 1160 m). Decreasing the 
resistivity of the conductors widens and slightly shifts the minimum to the right. The 
conductor outcrop at 1680 – 1700 m can be seen as a sharp change in the gradient.  

Figures 4-6 and 4-7 present the geometry and the results for another hypothetical 
drillhole, located at the hanging wall side of the conductor. Compared to the drillhole in 
Figure 4-1, this drillhole is also closer to the earthing point. The intersection of the 
conductor can be observed as a potential minimum already with the resistivity of 100 
ohm-m (when the host resistivity is 5000 ohm-m), and even with the resistivity of 500 
ohm-m the intersection may be observed as a gradient change in the potential curve.  

Since geometry seems to have a strong effect to the detection limit in MAM data, a 
series of modelling have been done for a vertical drillhole, located at various distances 
from the earthing (Figure 4-8). Used conductor resistivity was 100 ohm-m with the host 
resistivity of 5000 ohm-m. Figure 4-8 shows that within 100 – 200 m from the earthing, 
the conductor intersection may be detected as a potential minimum. 
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According to this examination, the detection limit of a grounded conductor depends on 
several parameters such as geometry and resistivity contrast, and therefore no 
unambiguous detection limit can be determined. When the distance to the earthing is 
several hundreds of meters, resistivity contrast of 100 or higher would be optimal. With 
more favourable geometry (distance to the earthing point is less than 200 m) contrast of 
50 would be adequate. In the case of smaller contrast, however, the grounded conductor 
may be observed as a change in potential gradient. 

 
 
Figure 4-1. Geometry of MAM modelling for a gently dipping conductor. The colour 
surface represents the response of homogeneous half-space with a resistivity of 5000 
ohm-m. 
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Figure 4-2. Mesh and boundary conditions used in the modelling. All the internal 
boundaries (between the conductor and the host) have been set to continuity. The scale 
is different than in Figure 4-1. 
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Figure 4-3. Distribution of electric potential on a 2D plane, current earthing is located 
within the gently dipping conductor. Resistivity of the conductor is varied between 5000 
and 5 ohm-m. Host resistivity is 5000 ohm-m. 
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Figure 4-4. Potential distribution along a hypothetical drillhole according to the 
geometry of Fig. 4-1. 

 

 
 
Figure 4-5. Potential distribution along a hypothetical ground profile according to the 
geometry of Fig. 4-1. 



25 

 
 
Figure 4-6. Geometry of MAM modeling for a gently dipping conductor. The drillhole 
intersects the conductor at its hanging-wall side. The colour surface represents the 
response of homogeneous half-space with a resistivity of 5000 ohm-m. 

 

 
 
Figure 4-7. Potential distribution along a hypothetical drillhole according to the 
geometry of Figure 4-6. 
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Figure 4-8. Potential distribution along a vertical hypothetical drillhole, located at 
various distances from the earthing point. Conductor resistivity 100 ohm-m, host 
resistivity 5000 ohm-m. Arrows show the location of the conductor in each hole. 

4.2.2 Group of gently dipping conductors in resistive surroundings, drillhole 

survey, 2D 

This hypothetical example deals with a group of parallel conductors as illustrated in 
Figure 4-9. The earthing has been located in an H-shaped conductive structure, with two 
near separate conductors, one between the limbs of the grounded conductor and another 
just below it. The main question of this modelling case is how to distinguish a grounded 
conductor from an ungrounded one. The model parameters are as follows: 

Length of the model (in third dimension): 10000 m 

Dimensions of the host domain: infinite (upper surface at Z = 0 m) 

Dip of the conductors: 30°  

Dip of the drillhole surveyed: 63°  

Location of the drill hole surveyed: from (1500, 0) to (2200, -1400) 

Resistivity of the conductors 50 – 5000 ohm-m 

Host resistivity: 5000 ohm-m 

Current earthing at X = 2900 m, Z = -140) within the conductor 

Strength of the current earthing: 10
-3

 A/m. 

From the calculated 2D model, the potential values have been extracted to a profile 
corresponding a hypothetical drillhole (Figure 4-9). The drillhole data for each 
resistivity value are shown in Figure 4-10. The results indicate that with favourable 
geometry the potential minimum is shifted to the intersection of the grounded conductor 
even with the resistivity contrast of as low as 5. However, the detection of each separate 
intersection (as equipotential areas) would require resistivity contrast of 50 – 100. The 
results with these high contrasts show that although all the conductors induce a potential 
flat, only the grounded ones cause a significant change of gradient around the flat. 



27 

 

 

 
 
Figure 4-9. Distribution of electric potential on a 2D plane, current earthing is located 
within the gently dipping H-shaped conductor. Resistivity of the conductor is varied 
between 5000 and 5 ohm-m. Host resistivity is 5000 ohm-m. 

 
 
Figure 4-10. Potential distribution along a hypothetical drillhole according to the 
geometry of Figure 4-9. Arrows indicate the locations of the conductors. 
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4.2.3 Gently dipping conductor consisting of two different subareas in resistive 

surroundings, ground survey, 2D 

This case deals with a dipping conductor formed by two subareas with different 
resistivity values. Geometry and meshing are show in Figures 4-11 and 4-12. 

Model parameters: 

Outcrop of the conductor: X = 900 – 1000 m, Z = 0 m 

Contact of the subareas: X = 1450 – 1500 m, Z = -350 – -400 m 

Earthing at X = 2000 m, Z = -750 m 

Location of the ground profile (Z = 0 m): X = 0 – 3000 m 

Length of the models: 5000 m 

Host dimensions: 5000 x 3000 m (X, Z) 

Strength of the current earthing: 10
-4

 A/m 

Host resistivity 10000 ohm-m 

Resistivity of the lower subarea of the conductor: 50 ohm-m 

Resistivity of the upper subarea of the conductor: 50 – 10000 ohm-m. 

In the modelling, the resistivity of the upper subarea has been varied between 50 – 
10000 ohm-m. The modelling results are shown in Figures 4-13 and 4-14. 

The results indicate that when the upper conductor is good enough (50 – 100 ohm-m, 
Figures 4-13 a and b), there is a wide minimum and equipotential area between c. 900 – 
1300 m, related to the outcrop of the conductor. The contact of the footwall side can be 
seen as a sharp gradient change at 900 m, but the hanging wall side contact can not be 
detected. When the resistivity of the upper subdomain is increased to 500 ohm-m, the 
minimum is shifted to c. 1500 m at the approximate ground projection of the contact of 
the subareas (Figure 4-13 c). The outcrop of the conductor can be observed only as a 
local flat. When the resistivity of the upper subarea is further increased, the potential 
minimum is finally shifted to c. 1700 (Figures 7 and 8) between the projections of the 
subarea contact and the earthing. 

According to this modelling, the potential minimum may be located somewhere 
between the conductor outcrop and the surface projection of the earthing, depending on 
the geometry and resistivity contrast. In some cases (Figures 4-13 e and f) the 
examination of only the potential minimum could lead to an erroneous interpretation, 
that there would be a galvanic connection from the earthing point to the ground surface 
at 1500 m or 1700 m. 

 

 

 

 

 



29 

 
 

Figure 4-11. Geometry of the modelling case for a gently dipping conductor consisting 
of two sub-areas. 

 

 

 
 

Figure 4-12. Mesh and boundary conditions used in the modelling. All the internal 
boundaries have been set to continuity. 
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a) 50 ohm-m           b) 100 ohm-m 

 

 
 

c) 500 ohm-m          d) 1000 ohm-m 

 

 
 

e) 5000 ohm-m          f) 10000 ohm-m 

 

 
Figure 4-13. Distribution of electric potential on a 2D plane, current earthing is 
located within the lower sub-area of a gently dipping conductor. Resistivity of the upper 
sub-area of the conductor is varied between 10000 and 50 ohm-m, when the resistivity 
of the lower sub-area is fixed to 50 ohm-m. Host resistivity is 10000 ohm-m. 
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Figure 4-14. Potential distribution along a hypothetical ground profile according to the 
geometry of Figure 4-11.  

4.2.4 Modelling of the survey data, homogeneous half-space 

The simplest theoretical model that can be examined against the survey data is 
homogeneous half-space. Potential of a point current source at any location within the 
half-space is expressed as follows: 

U = Iρ/4π (1/r + 1/r’)     (1) 

Where U = potential (V) 

 I = current (A) 

 r = distance from the observation point to the current source (m) 

r’= distance from the observation point to the mirror image (in relation of the half-space 
surface) of the current source (m). 

The mirror image analogy is used to take into account the surface effect of the half-
space. 

The best fitting response of the homogeneous half-space has been calculated by 
optimizing the resistivity value so that the shape of the calculated curve corresponds the 
survey data as well as possible. Subsequently, a level correction was needed, since the 
survey data is expressed as relative potential between a fixed reference point and the 
observation point, whereas the theoretical potential has been calculated as an absolute 
value (in order to simplify the problem). 



32 

Figures 4-15 – 4-17 show the survey data with the calculated responses of homogeneous 
half-space for drillholes OL-KR10, KR8 and OL-KR38. The earthing has been located 
in drillhole OL-KR4 at several depths. Fitting the half-space response to the data is a 
reasonable starting point for the interpretation, since it indicates, whether any 
conductors are needed to explain the data or not. The figures show that in some cases, 
(e.g. OL-KR4_490 → OL-KR10, OL-KR4_760 → OL-KR10 and OL-KR4_759 → OL-
KR38) the half-space essentially explains the results. In most cases, however, the curve 
fit using the half-space model is not satisfactory. 
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Figure 4-15. Survey data from OL-KR10 for five earthings in OL-KR4 (blue curve) with 
calculated response of homogeneous half-space (purple curve). 
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Figure 4-16. Survey data from OL-KR8 for five earthings in OL-KR4 (blue curve) with 
calculated response of homogeneous half-space (purple curve). 
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Figure 4-17. Survey data from OL-KR38 for six earthings in OL-KR4 (blue curve) with 
calculated and best-fitting response of homogeneous half-space (purple curve). 

 

4.2.5 Modelling the survey data in 2D, tabular conductors in resistive 

surroundings 

This example is concerned with a survey result in drillhole OL-KR45, when the 
earthing has been located in OL-KR40 at 490 m. The case has been approximated with a 
2D vertical plane. The data (Figure 4-18) show a distinct potential minimum at c. 590 m 
in OL-KR45, probably indicating a galvanic connection to the earthing. The response 
curve of homogeneous half-space in Figure 4-18 indicates that the homogeneous model 
does not explain the data at all. A number of modelling experiments also revealed that 
the result can not be explained with a single tabular conductor either, but a couple of 
additional conductors are needed. In Figure 4-18 the calculated potential, fitting rather 
well the measured data, is presented. 

Figure 4-19 presents the geometry corresponding the modelled potential values in 
Figure 4-18. The narrowest conductor in the middle forms the galvanic connection from 
the earthing to OL-KR45 at c. 590 m, but it is possible that there is also a galvanic 
connection underneath OL-KR45 from OL-KR40 at 490 m. Furthermore, the behaviour 
of the gradient in the upper part of the drillhole appears to require a passive conductor 
above the main conductor. 
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The model parameters are as follows: 

Length of the model (in third dimension): 10000 m 

Dimensions of the host domain: 14000 x 3000 m (upper surface at Z = 0 m) 

Dip of the conductors:  1 & 3: c. 13°, 2: c. 39° 

Dip of the drillhole surveyed:  55° 

Location of the drill hole surveyed: from (6890, 0) to (7467, -831) 

Resistivity of the conductors:  1 ohm-m, 4 ohm-m, 10 ohm-m (Conductor 1, 2, 3) 

Host resistivity:  5000 ohm-m 

Current earthing at X = 6730 m, Z = -360 m within conductor 1 

Strength of the current earthing: 8·10
-3

 A/m. 

 

 

 
 

 
Figure 4-18. Data and modelling results from drillhole OL-KR45, earthing in OL-KR40 
at 490 m. Arrow shows the locations of the conductor in the drillhole. 
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Figure 4-19. Modelling geometry and calculated potential distribution in 2D plane, 
earthing in OL-KR40 at 490 m. 

 
4.2.6 Modelling the survey data in 3D, tabular conductor in resistive 

surroundings. 

Some survey results have also been modelled in 3D using Comsol Multiphysics. The 
first example deals with the current earthing in OL-KR4 at the depth of 80 m. The 
results from four nearby drillholes (OL-KR25, OL-KR25, OL-KR38 and OL-KR48) 
have been modelled. The survey data indicate a rather distinct potential minimum at the 
depths of c. 80 – 100 m in all these drillholes, probably indicating a galvanic connection 
to the earthing. 

Models used are rather simple, consisting of a planar gently dipping conductive body in 
resistive surroundings, connecting the locations of the potential minima in the surveyed 
drillholes to the earthing location at OL-KR4_80 m. Some changes in model parameters 
have been done between the drillholes, but the geometry of the models for drillholes 
OL-KR24, OL-KR38 and OL-KR48 is the same. For the results of OL-KR25, the 
thickness and orientation of the conductor needed to be changed. Furthermore, the 
results from OL-KR25 required another conductor, located at the ground surface.  

The model parameters for the surveys in OL-KR24, OL-KR38 and OL-KR48 are as 
follows (Figure 4-20): 

Dimensions of the conductor: 500 x 500 x 1 m (X, Y and Z directions) 

Middle point of the conductor:  X = 1525888.463, Y = 6792035.578, Z = -69.3 

Orientation of the conductor 130.8°/17.4° 

Dimensions of the host domain: infinite (upper surface at Z = 10 m) 

Resistivity of the conductor 1 – 10 ohm-m 
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Host resistivity: 200 - 2000 ohm-m 

Current earthing at OL-KR4_80 m within the conductor 

Strength of the current earthing: 1A. 

 
The model parameters for the survey in OL-KR25 are as follows (Figure 4-21): 

Dimensions of conductor 1: 300 x 300 x 30 m (X, Y and Z directions) 

Middle point of conductor 1: X = 1525888.463, Y = 6792035.578, Z = -69.5 

Orientation of the conductor 1 130.8°/5° 

Dimensions of conductor 2: 1000 x 1000 x 10 m (X, Y and Z directions) 

SW lower corner of conductor 2: X = 1525300, Y = 6791500, Z = 0. 

Orientation of conductor 2: 0°/0° 

Dimensions of the host domain: infinite (upper surface at Z = 10 m) 

Resistivity of the conductors 10 ohm-m 

Host resistivity:  2000 ohm-m 

Current earthing at OL-KR4_80 m within the conductor 

Strength of the current earthing: 1A. 

 
The results of the modelling, together with the data and the response of homogeneous 
half-space, are shown in Figures 4-22 and 4-23. The results indicate that compared to 
the half-space model, the results correspond much better the measured data, producing a 
minimum at the proposed location of the conductor. Only in OL-KR38, the half-space 
model fits rather well the minimum at 80 m, but even there the 3D tabular model 
provides a better fit. This analysis supports the interpretation that an electric conductor 
exists between OL-KR4 80 m, OL-KR24 90 m, OL-KR25 70 – 100 m, OL-KR38 80 m 
and OL-KR48 100 m. 
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Figure 4-20. Geometry of the model used for drillhole surveys in OL-KR24, OL-KR38 
and OL-KR48, when the current earthing is in OL-KR4 at 80 m. View from SW. 

 

 

 
 
Figure 4-21. Geometry of the model used for the drillhole survey in OL-KR25, when the 
current earthing is in OL-KR4 at 80 m. View from SW. 
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Figure 4-22. Data and modelling results from drillholes OL-KR24, OL-KR38 and OL-
KR48, earthing in OL-KR4 at 80 m. Arrows show the location of the conductor in the 
drillholes. 
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Figure 4-23. Data and modelling results from drillhole OL-KR25, earthing in OL-KR4 
at 80 m. Arrows show the locations of upper and lower contacts of the conductor in the 
drillhole. 

Another 3D modelling example deals with the survey in OL-KR1, when the current 
earthing is located at 490 m in OL-KR4 (Figure 4-24). The model parameters are as 
follows: 

Dimensions of conductor 1: 800 x 800 x 10 m (X, Y and Z directions) 

Orientation of conductor 1: 090°/18° 

Resistivity of conductor 1: 500 ohm-m 

Dimensions of conductor 2: 1500 x 1500 x 10 m (X, Y and Z directions) 

SW lower corner of conductor 2: X = 1525000, Y = 6791600, Z = -15. 

Orientation of conductor 2: 0°/0° 

Resistivity of conductor 2: 50 ohm-m 

Dimensions of conductor 3: 1200 x 1200 x 30 m (X, Y and Z directions) 

Orientation of conductor 3: 315/30 

Resistivity of conductor 3: 400 ohm-m 

Dimensions of the host domain: infinite (upper surface at Z = 10 m) 

Host resistivity:  7000 ohm-m 

Current earthing at OL-KR4_490 m within conductor 1 and 3 

Strength of the current earthing: 1A. 

 

The results in Figure 4-25 clearly show that homogeneous model does not fit the 
measured values at all. Furthermore, several separate modelling attempts clearly 
indicated that these data can not be explained with a single conductor but a couple of 
additional conductors were needed to achieve reasonable gradients above and below 
conductor 1. The modelled potential fits very well the measured data above the 
intersection of conductor 1 at c. 380 m. Below this, the modelled potential deviates from 
the measured data, but fits much better than the response of the homogeneous model. 
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Figure 4-24. Geometry of the model used for the drillhole survey in OL-KR25, when the 
current earthing is in OL-KR4 at 80 m. View from SW. 

 
 

Figure 4-25. Data and modelling results from drillhole OL-KR1, earthing in OL-KR4 at 
490 m. Arrow show the location of the conductor in the drillhole. 

 
4.3 Modelling method used in this work 

The format of the data observed by Mise-à-la-masse surveying is typically point-to-
point data, measured potential difference between two points, the earthing point and the 
survey point. Usually the data is presented as potential field maps, profiles and cross 
sections. The modelling of the data is often based on visual examination of the data. 
This was earlier carried out for most of the data presented in this paper. 

The modelling method used here differs slightly from the method used earlier. When 
earlier best physical solutions were tried to model from each separate measurement, 
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now the best geological solutions were tried to achieve using data from several 
measurements at the same time. In this modelling work the physical model was in many 
cases one of several possible solutions, not the only one. 

To be sure that no possibly interesting information for geological modelling was 
dropped out, also such uncertain results, which were detected by several earthings in the 
same place, were accepted. Those models can be removed when integrated modelling 
from geological, hydrological and geophysical data will be carried out, if they seem to 
be invalid. 

4.3.1 Background for the used modelling procedure 

Figure 4-26 shows a simplified case of the modelling difficulties and the differences 
between visual examinations and modelling of the data. 

According to the measured data there seems to be a conductor continuing from point C 
to point B and perhaps also a weak conductor from point C to point D. By visual 
modelling it is possible that this would be the modelling result, but it may not be the 
correct solution according to the understanding of the geology of the site. Therefore all 
possible paths for the conductors were examined and modelled in this work. 

If there is other information available from the volume between the drilled holes, e.g. 
EM soundings, there are better possibilities to model the conductors in a slightly 
different way (Figure 4-27). In the modelling discussed in this paper additional 
information from the other geophysical data was used to improve the modelling. 

Geologically reasonable model of the cross section presented in Figures 4-26 and 4-27 
is outlined in Figure 4-28. The fractures presented as black dash lines between the 
fractured zones in the figure are fictitious showing only that probably the fractured 
zones are connected to each other via several fractures (this may be the situation also in 
many cases in Olkiluoto). 

 

Figure 4-26. A simplified cross section of a drilling profile and an example of measured 
connections between the holes. 
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Figure 4-27. A simplified cross section of a drilling profile and some modelled features 
(violet) from the area around the drilled holes (e.g. modelled conductors from EM 
soundings). 

 
 

Figure 4-28. The most probable geology of the simplified cross section and the 
measured best galvanic connection (red dotted line). 

 
The connections from A to B and from C to D delimit a thick conductive zone and the 
connections from A to D and from C to B show the net of fractures within this zone. In 
this modelling work the focus was to define the borders of this kind of thick zones and 
only some detailed modelling was carried out of the fractures inside the zone (in most of 
the cases it was even impossible to model reliably the conductors within a conductive 
zone). 
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Because the electric current can follow several different paths from the earthing to the 
survey point depending of the conductivity values of different zones and the 
connections between them as discussed above, the best galvanic connections do not 
always illustrate the continuation of the examined geological feature (fracture zone, 
sulphide-bearing zone, etc.). 

Figure 4-29 shows an example of a situation where the best potential field anomalies are 
due to some better conductors around the examined geological zone. 

For instance, when following the continuation of the zone detected at the depth of 
368 m in drillhole OL-KR4, the best galvanic connections can be detected at the depths 
of 150 m and 235 m in drillhole OL-KR39 (Figure 4-29, yellow curve). According to 
the measurements, at the depth of 150 m in drillhole OL-KR39 there is the continuation 
of the conductor from the depth of 314 m in drillhole OL-KR4 (green curve) and at the 
depth of 235 m there is the continuation of the conductor from the depth of 490 m in 
drillhole OL-KR4 (dark green curve). So, geologically the continuation of the examined 
zone (OL-KR4 / 368 m) should be between these two good galvanic connections, if 
there is a continuation at all. 

Two weak potential anomalies can be detected at the depths of 185 m and 215 m in 
drillhole OL-KR39. One of these may be the continuation of the examined zone. 
Probably the cause for weak potential anomalies is that the conductivity of the 
examined zone is lower than the conductivity values of the zones around it and there is a 
galvanic connection between all these zones. 

 

Figure 4-29. Galvanic connections from four earthings in drillhole OL-KR4 to drillhole 
OL-KR39 (potential curves) and the probable location of the zone followed from the 
depth of 368 m in drillhole OL-KR4 (black arrows). 

There is also big variation in the resistivity values inside the conductive zones in 
different parts of the site area depending on the water- and sulphide-content of the 
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zones. The electric current follows rather better conductors, if there is a continuous 
galvanic connection 

4.3.2 Modelling process 

Based on the fact that the best galvanic connections do not necessarily follow exactly 
the examined geological zones, as in the example described above, the modelling 
process followed the outlines described below. 

Phase 1: 

First all potential anomalies (also the weakest ones) in all measured drillholes caused by 
each used earthing were picked up (an example in Figure 4-30). 

 

Figure 4-30. All galvanic connections (white lines) from the earthing at the depth of 
418 m in drillhole OL-KR11 (view towards west). 

Phase 2: 

Secondly such connections which were able to be explained by some other zones than 
the examined one and such connections which were cutting the already known zones 
were removed. Also the noisy readings, due to power lines, telephone cables, etc. were 
removed. 

Phase 3: 

The remaining connections were then examined using the directions of the known 
geological features (Mattila et al. 2007) as guiding directions. 

Phase 4: 

Finally only geologically reasonable connections were accepted and the model of the 
conductor was created. The final modelling result of the case in Figure 4-30 is presented 
in Figure 4-31 as an example. 
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In Figure 4-31 also the best galvanic connections (highest potential anomalies) are 
presented and when using visualization of the data as the modelling method the 
conductor would be modelled according to these connections. 

 

 

Figure 4-31. Created model (brown plate) of the conductive zone from the earthing at 
the depth of 418 m in drillhole OL-KR11 and the connections to the highest potential 
anomalies (white lines). View towards west. 

Comments on the procedure: 

After the procedure described above it is still possible that some weak connections are 
rather due to geometry alone (= no real galvanic connection, the anomaly due to shortest 
distance from the earthing). But still this method shows the most probable paths for 
different zones to be used as “guiding models” or supporting models for the geological 
model. 

4.3.3 Comparison of some theoretical calculations and the modelling results 

During the work the theoretical modelling was tested to give more confidence and it 
seems to support the conducted MAM modelling. 

As an example of the support given by theoretical model calculations Figure 4-32 shows 
the situation occurred in the modelling of the connections to drillhole OL-KR38 from 
the earthing at the depth of 80 m in drillhole OL-KR4. According to the model created 
by the method described above the conductive zone from the earthing at the depth of 80 
m in drillhole OL-KR4 continues to the depth of 80 m in drillhole OL-KR38, although 
the homogeneous half-space model can explain most of the anomaly observed in 
drillhole OL-KR38 (Figure 4-32 a) and no connection is necessarily needed. But when 
calculating the potential field in this drillhole by the created model, the fit between the 
observed and calculated potential field is much better (Figure 4-32 b). This result 
confirmed that the modelling was correct and the conductor continues to drillhole OL-
KR38. 
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Unfortunately most of the modelling work was already carried out before this modelling 
software was available and therefore only occasional connections between two 
drillholes were tested by theoretical calculations. 

The resistivity logging data was used to locate different conductors in drillholes and to 
confirm the possibility to have connections between the drillholes (connections to hole 
depths without any conductor were not accepted in the modelling). 

 
 
Figure 4-32. An example of testing the modelling result by theoretical calculations, a) 
homogeneous model curve vs. measured curve, b) homogeneous and Comsol model 
curves vs. measured curve. 
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It must be also noticed that the models of the conductive zones are point-to-point 
versions having no thickness values. In practice most of the conductors are parts of a 
thicker zone. Some estimations of the thickness of different conductive zones could be 
done from the single-hole potential measurements and from the resistivity logging data 
but no estimations were done in this modelling phase. 

For modelling the ground survey data was plotted as profiles both along the surveyed 
lines and along the lines perpendicular to them..From those profiles all anomalies were 
used to create models of the conductors. Among those anomalies it was possible to find 
out possible outcrops of the conductive zone where the earthing was placed. 

Figure 4-33 shows an example of one profile modelling, profile 1525400E from 2004 
survey by the earthing in drillhole OL-KR4 at the depth of 314 m. The modelled 
outcrop location is at the station where only a weak local anomaly can be detected. The 
theoretical model calculations discussed in chapter 4 above confirmed later that this 
modelling was correct. 

From the ground surface anomaly map (Figure 4-34) it is not possible to detect the 
outcrop of the conductive zone easily. In the figure the location of the used earthing is 
marked by an orange circle and the modelled outcrop location of the examined zone by 
brown outline. The strongest anomalies are outside the outcrop just like the theoretical 
modelling showed. 

Unfortunately the quality of the data in the northern part of the surveyed area is quite 
poor due to the power lines and therefore the modelling on some lines was difficult or 
sometimes even impossible. 

In addition to the modelled conductors created as described above, also such 
conductors, which have no direct galvanic connection at all to the earthing used in the 
measurements (passive conductors), were picked up from the data and they are 
presented in this paper. There was a lot of unused information of this kind of conductive 
zones. For this work for instance all the ground survey data was examined both along 
the surveyed lines and perpendicular to them, line by line and station by station. 
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Figure 4-33. MAM potential (yellow curve) measured on profile 1525400E by the 
earthing in drillhole OL-KR4 at the depth of 314 m and the conductive zone (brown) 
modelled from the data from the measurements by this earthing. 
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Figure 4-34. MAM potential filed map observed by the earthing in drillhole OL-KR4 at 
the depth of 314 m and the modelled outcrop of the examined conductive zone (brown 
outline). 
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5 UPDATED MODELLING OF SINGLE EARTHINGS 

The task of this modelling work was to update the models created from the all survey 
data from Olkiluoto and to model the data not modelled earlier. The modelling results 
will be then used in creating the geological model of the site area. 

The modelling was started from the earthings in drillhole OL-KR1 and carried out 
systematically to the earthings in drillhole OL-KR40. The results are presented in this 
order. 

Of all detected connections from each earthing a model was created in Gemcom 
Surpac™ format, if possible (direct connections from the earthing point detected). Each 
model was compared with the other models created from the same conductor or same 
volume to find out possible congruencies or discrepancies. If the models from different 
earthings did not coincide well enough, re-modelling was carried out to correct the 
possible errors. Figures 5-1 to 5-4 show an example of the modelling results (modelling 
of the conductor with the earthing at 116 m in drillhole OL-KR4). 

 

 
 
Figure 5-1. MAM model of the conductor with the earthing in drillhole OL-KR4 at the 
depth of 116 m (brown). View to the NE. 
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Figure 5-2. MAM model of the conductor with the earthing in drillhole OL-KR4 at the 
depth of 116 m (brown). View from above. 

 

 
 
Figure 5-3. MAM model of the conductor with the earthing in drillhole OL-KR4 at the 
depth of 116 m (brown) and MAM model of the conductor with the earthing in drillhole 
OL-KR40 at the depth of 386 m (yellow). View to the N. 
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Figure 5-4. MAM model of the conductor with the earthing in drillhole OL-KR4 at the 
depth of 116 m (brown) and MAM model of the conductor with the earthing in drillhole 
OL-KR40 at the depth of 386 m (yellow). View from above. 

 
Modelling results were collected into a table from each earthing one by one. The table 
presents the locations of all modelled connection points in surveyed drillholes and on 
the ground surface. Also some notes concerning the modelled points are given. 

Table 5-1 shows a piece of this table as an example. The modelled connections are 
presented as coordinates (according to the ground surface data) and as depth values in 
different drillholes (OL-KR8_205m = connection to drillhole OL-KR8 to the depth of 
205 m). 
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Table 5-1. An example of the modelled connection points from different earthings. 

 
 

In the table connections to the other models are also presented. The names of different 
models tell the location of the earthing, for instance mam_cekr25_122m is the model 
created of the data from the survey by the earthing in drillhole OL-KR25 at the depth of 
122 m (ce = current electrode). 
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The table of all modelled connections (over 2000 connections detected) including also 
information of the geological observations (brittle zones, crushed rocks and core loss; 
Mattila et al., 2007) from the connection locations as well as some notes of hydrological 
observations and other geophysical anomalies is available in Posiva’s POTTI database. 
An example of the table is presented in appendix 2. 

If the modelling was very uncertain or there was too little data to create a 3d model, 
only the detected connections were presented as Figure 5-5 shows. 

When several different connections were detected from on earthing they all are 
presented. Figure 5-6 shows one example of several possible connections modelled 
from the same earthing. 

In the case presented in Figure 5-6 the earthing has been in drillhole OL-KR29 at the 
depth of 762 m. The two uppermost models are probably some local conductors parallel 
to the third conductor modelled below them (possibly due to brittle zone OL-BFZ099). 
It is probable that the two uppermost conductors have no linear connection to the 
earthing point in drillhole OL-KR29 although they are presented so in the figure, but 
they should be rather modelled as separate conductors as shown in Figure 5-7. 
According to the MAM survey there must be galvanic connection between all three 
modelled conductors and it is possible that steeply dipping brittle zone OL-BFZ028 
(which is also hydraulically conductive) is connecting the conductors together (Figure 
5-8). 

It must be also noted that these three conductors, as well as the brittle zone are crossing 
the planned repository level. 

In addition to table of all modelled connections (appendix 2), figures of all the modelled 
conductors from each 94 earthing used so far in Olkiluoto are presented with short notes 
in appendix 3. 

 
 
Figure 5-5. Modelled connection to the ground surface from the earthing in drillhole 
OL-KR1 at the depth of 102 m (white line). View to the E. 
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Figure 5-6. Three different MAM models modelled of the data from the earthing in 
drillhole OL-KR29 at the depth of 762 m (brown) and brittle zone OL-BFZ099 (violet). 
View to the E. 

 

 
 
Figure 5-7. Second version of the MAM models modelled of the data from the earthing 
in drillhole OL-KR29 at the depth of 762 m (brown) and the repository level with the 
planned panels (grey). View to the E. 
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Figure 5-8. MAM models modelled of the data from the earthing in drillhole OL-KR29 
at the depth of 762 m (brown), brittle zone OL-BFZ028 (green) and the repository level 
(grey). View to the E. 
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6 INTEGRATED MODELLING 

Many conductive zones have been investigated during separate survey campaigns using 
different current earthings. The modelling results are here combined together to create 
integrated models of each specific zone. The MAM zones include several single MAM 
conductors discussed separately in chapter 5. In details there may be minor differences 
in the locations of different conductors inside the zones, due to sparse survey grid or 
errors in locating the survey electrode. 

A total of 77 integrated MAM zones were created (presented in appendix 4). Of these 
integrated zones 33 were conductors which were detected only by one earthing or only 
on the ground surface data (passive conductors). 

 
6.1 Data used in the integration 

Additionally the integration included other geophysical data especially in areas where 
the survey grid was sparse or when the MAM anomalies were weak due to long distance 
from the earthing. Also geological and hydrological information was used to help in 
creating integrated models. 

It would have been useful to determine also the thickness values for the conductive 
zones but due to limited time reserved for the work it was left out. Therefore the models 
show only the point-to-point connections between drillholes, between drillholes and the 
tunnel as well as on the ground surface. 

 
6.2 Integration procedure 

In the tables of the integrated models the locations of the earthings from survey 
campaigns are presented as well as all the connection points in different drillholes and 
on the ground surface. Table 6-1 shows an example of these tables. 

The integrated models were named as MAM-2009_zone_xx, where xx is a running 
number starting from the surveys carried out by the earthings in drillhole OL-KR1. 

Of the 34 integrated models 18 were detected only on the ground surface. Some of these 
conductors can be connected to the known deformation zones. 

Figures 6-1 – 6-4 present an example of the integrated modelling. The so called Storage 
hall fault was investigated by three different earthings, firstly at the fault outcrop 
(Figure 6-1), secondly at chainage PL899 in ONKALO (Figure 6-2) and thirdly at 
chainage PL1595 in ONKALO (Figure 6-3). No new combined model was created but 
all models representing the same conductive zone were presented together. 

Figure 6-4 shows the integrated model created from the three different models presented 
above. 

When comparing the integrated MAM-model with the geological model of the Storage 
hall fault it can be seen that models coincide quite well (Figure 6-5). 
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Table 6-1. An example of the integrated model table. 

 

 
Figure 6-1. MAM model (brown) when the earthing was at the Storage hall fault 
outcrop. 
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Figure 6-2. MAM model (brown) when the earthing was chainage PL899 in ONKALO. 

 

 
Figure 6-3. MAM model (brown) when the earthing was chainage PL1595 in 
ONKALO. 
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Figure 6-4. Integrated MAM zone (brown) from three different earthings. Yellow dots 
show the locations of the used earthings. 

 
Figure 6-5. Comparison between the integrated MAM zone (brown) and the geological 
model (yellow) of the Storage hall fault. 
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6.3 Integrated MAM zones 

Short descriptions of all integrated zones are presented below as a table (Table 6-2) and 
as figures. It must be noticed that presenting of the connections as straight lines may not 
cause correct shapes for the models (the conductive zones have more complicated 
shapes). Especially this is the case when drawing straight lines from drillholes to the 
ground surface. 

Some zones (MAM-2009_zone_23 – 34) are presented only as groups of anomalous 
stations on the ground surface because there is no earthing placed in those zones 
(passive conductors) and they are just indications of existing conductors outside the 
zones examined by the earthings. 

The integrated zones are numbered in the modelling order starting from the earthings in 
drillhole OL-KR1. 

The connections to the brittle zones presented in parentheses in Table 6-2 are uncertain 
or partial. 

Table 6-2. A list of integrated MAM-zones. 

Electrically conductive zones according to the integrated MAM-modelling 
        

MAM-zone BFZ Description Remarks 

    

MAM-2009_zone_1 BFZ098 One of the largest conductive 
zones in the site area. 

Coincides with hydraulically conductive 
zone HZ20A. 

MAM-2009_zone_2 BFZ080 One of the largest conductive 
zones in the site area. 

Coincides mainly with BFZ080 and 
hydraulically conductive zone HZ20B. 
The differences in the eastern part of the 
surveyed area are due to sparse MAM-
survey grid (only some drillholes 
measured). The upper part of the 
conductive zone continues to the ground 
surface while BFZ080 has been 
detected only deeper. 

MAM-2009_zone_3 None Very large conductive zone. 
Modelled as ONK56 zone in the 
ONKALO area model. 

Ri-zones in many drillholes detected but 
no brittle zone modelled. The zone has 
been modelled also from the EM 
soundings. 

MAM-2009_zone_4 (BFZ018) The upper part of a complicated 
and quite thick conductive zone. 

Connection to MAM-2009_zone_5. May 
be a part of BFZ018 or is parallel to it. 
Connection also to BFZ114. 

MAM-2009_zone_5 (BFZ018) Quite complicated net of 
conductors. Probably quite thick 
conductive zone. 

Connection to MAM-2009_zone_4. 
Coincides partly with BFZ018 and in the 
upper part with HZ19A and HZ19C. 

MAM-2009_zone_6 BFZ056 Coincides with BFZ056 in the 
upper and lower parts, but not in 
the middle part. Coincides HZ19C 
in the upper part. 

Connection also to HZ19A. This MAM-
zone may be the lower part of a thick 
zone including zones MAM-
2009_zone_4 - MAM-2009_zone_6. 

MAM-2009_zone_7 (BFZ081) A zone with connections to 
BFZ081, MAM-2009_zone_6 and 
MAM-2009_zone_11. 

Survey results only from a quite limited 
area. 

MAM-2009_zone_8 (BFZ098) Parallel to MAM-2009_zone_1. Coincides in the eastern part with 
BFZ098. 
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MAM-2009_zone_9 BFZ099 One of the largest conductive 
zones in the site area. 

Coincides deeper with MAM-
2009_zone_10. 

MAM-2009_zone_10 BFZ002 One of the largest conductive 
zones in the site area. 

Coincides perfectly with HZ21. 
Coincides deeper with MAM-
2009_zone_9. 

MAM-2009_zone_11 BFZ081 In the eastern part no BFZ-zone 
modelled. 

Zone ONK103 in the ONKALO area 
model (Kemppainen et al. 2007). 
Connections to MAM-2009_zone_7. 

MAM-2009_zone_12 None A conductor detected by two 
earthings in OL-KR11. 

Ri-zones in many drillholes detected but 
no brittle zone modelled. 

MAM-2009_zone_13 BFZ175 Quite large conductor, parallel 
(close) to MAM-2009_zone_3. 

Brittle zone modelled only in the eastern 
part of the conductive zone. 

MAM-2009_zone_14 BFZ005 
and 
BFZ036 

Connections between drillholes 
OL-KR14 and OL-KR15. May be 
due to BFZ005 and/or BFZ036. 

Only two drillholes surveyed and 
therefore no reliable zone direction can 
be modelled. 

MAM-2009_zone_15 None Unknown zone. Ri-zones mapped in drillholes but no 
brittle zone modelled. 

MAM-2009_zone_16 BFZ100 Storage hall fault. Possible to model from the MAM data 
although the zone is quite poor 
conductor. Can be detected also on the 
ground surface by many other earthings. 

MAM-2009_zone_17 None Conductive SW - NE trending 
zone detected on the ground 
surface. 

Possible southern contact of the 
weathered rock unit detected in 
ONKALO tunnel. 

MAM-2009_zone_18 None Conductive SW - NE trending 
zone detected on the ground 
surface. 

Possible northern contact of the 
weathered rock unit detected in 
ONKALO tunnel. 

MAM-2009_zone_19 None Unknown, possibly vertical 
conductor (W - E trending). 

Conductive zone detected on the ground 
surface. 

MAM-2009_zone_20 None Unknown, W - E trending, possibly 
vertical conductor. Conductor 
seems to connect gently dipping 
conductors galvanically. 

Conductive zone detected on the ground 
surface by several earthings. 

MAM-2009_zone_21 None Unknown, W - E trending, possibly 
vertical conductor to the north of 
MAM-2009_zone_20. Conductor 
seems to connect gently dipping 
conductors galvanically. 

Conductive zone detected on the ground 
surface by several earthings. 

MAM-2009_zone_22 None Unknown SW - NE trending 
conductive zone, probably vertical. 

Conductive zone detected by several 
earthings in different drillholes. Zone 
seems also to follow ductile D4-
deformation. 

MAM-2009_zone_23 None Unknown SW - NE trending 
conductive zone to the east of 
MAM-2009_zone_22. 

Conductive zone detected by several 
earthings in different drillholes. Quite 
wide zone or a group pf narrow parallel 
conductors. 

MAM-2009_zone_24 None A conductor parallel to MAM-
2009_zone_16 (to the west of 
BFZ100). 

May be a branch of BFZ100. 

MAM-2009_zone_25 None A conductor parallel to MAM-
2009_zone_16 (to the east of 
BFZ100). 

May be a branch of BFZ100. 

MAM-2009_zone_26 None Unknown conductor. Almost parallel to the northern contact of 
the weathered rock unit. 

MAM-2009_zone_27 None Unknown S - N trending 
conductive zone to the west of 
BFZ100. 

May be a branch of BFZ100. 
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MAM-2009_zone_28 None A S - N trending conductive zone. Possibly due to the vertical brittle zone 
detected in ONKALO at chainages 
PL3333 - 3350. 

MAM-2009_zone_29 None A SW - NE trending conductive 
zone to the SW of ONKALO. 

Possibly due to the southern contact of 
the weathered rock unit. 

MAM-2009_zone_30 None A SW - NE trending conductive 
zone to the NW of ONKALO. 

Possible connections to MAM-
2009_zone_4, MAM-2009_zone_5 or 
MAM-2009_zone_6. 

MAM-2009_zone_31 None A W - E trending conductor in the 
northern part of Olkiluoto island. 

Conductor due to Selkänummenharju 
shear zone? 

MAM-2009_zone_32 None A SW - NE trending conductive 
zone in the northern part of 
Olkiluoto island. 

Only very limited area surveyed. 

MAM-2009_zone_33 None Unknown SW - NE trending 
conductor to the SE of ONKALO. 

Quite weak conductor. 

MAM-2009_zone_34 None Long conductive zone (detected 
by several earthings) following 
Liikla shear zone. 

Zone detected and modelled also by 
slingram (HLEM) survey. 

 

MAM-2009_zone_1. 

 
This conductive zone is the same as the brittle deformation zone OL-BFZ098 (Figure 6-
6). The information from the MAM surveys has been used in creating of the geological 
model. 

The conductive zone fits also the hydraulically conductive zone HZ20A (Figure 6-7) 
but the HZ-zone is modelled to continue further to the northwest close to the ground 
surface than the MAM-zone. 

 
 

Figure 6-6. MAM-2009_zone_1 (brown) and the corresponding brittle deformation 
zone OL-BFZ098 (violet). View to the NE. 
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Figure 6-7. MAM-2009_zone_1 (brown) and hydraulically conductive zone HZ20A 

(blue). View to the NE. 

MAM-2009_zone_2. 

MAM-2009_zone_2 coincides in the deeper part with brittle deformation zone OL-
BFZ080 but the conductor continues up to the ground surface while the brittle zone has 
been modelled only deeper (Figure 6-8). 

 
 
Figure 6-8. MAM-2009_zone_2 (brown) and brittle deformation zone OL-BFZ080 
(violet). View to the NE. 
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Also the hydraulically conductive zone HZ20B has been detected deeper (Figure 6-9) 
with no continuation to the ground surface. It is possible that the upper part of the 
MAM-zone is the extension of the fractured zone but the fracturing is weaker and the 
fractures are not open (filled with clays and/or sulphides) but the filled fractures are still 
electrically conductive. 

 
 
Figure 6-9. MAM-2009_zone_2 (brown) and hydraulically conductive zone HZ20B 
(blue). View to the NE. 

MAM-2009_zone_3. 

In the ONKALO area model (Kemppainen et al. 2007) a possible deformation zone 
ONK56 was modelled mainly according to the MAM results. This modelling confirms 
the existence of this conductor but no deformation zone or hydraulically conductive 
zone has been modelled to fit this conductor. In drillholes there are several crushed rock 
sections (engineering classification-based Ri-zones) mapped as well as sulphide-bearing 
rocks around the fractured areas. 

Figure 6-10 shows that MAM-2009_zone_3 is very large covering almost the same area 
as the MAM models discussed above. 

This zone has been detected also by EM soundings carried out on the ground surface 
(Figure 6-11). 
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Figure 6-10. MAM-2009_zone_3 (brown). View to the NE. 

 
 
Figure 6-11. MAM-2009_zone_3 (brown) and the conductors modelled from Gefinex 
400S (Sampo) EM soundings (blue boxes). View to the NE. 

MAM-2009_zone_4, 5 and 6. 

Three MAM models seem to belong to a thick and complicated zone of electrically and 
hydraulically conductive zone including also brittle fractured zones. It is quite difficult 
to separate these zones from each other reliably in details but in this modelling they are 
presented as parallel zones (with some connections). 
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MAM-2009_zone_4 may be a part of brittle zone OL-BFZ018 or parallel to it and it has 
also connections to OL-BFZ114 (Figure 6-12). 

 
 

Figure 6-12. MAM-2009_zone_4 (brown) and brittle deformation zones OL-BFZ018 
(violet) and OL-BFZ114 (yellow). View to the NE. 

MAM-2009_zone_5 coincides also partly with brittle zone OL-BFZ018 (Figure 6-13) 
and hydraulically conductive zones HZ19A and HZ19C (Figure 6-14). 

 

Figure 6-13. MAM-2009_zone_5 (brown) and brittle deformation zone OL-BFZ018 

(violet). View to the NE. 
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Figure 6-14. MAM-2009_zone_5 (brown) and hydraulically conductive zones HZ19A 
(above-seated blue zone) and HZ19C (below-seated blue zone). View to the NE. 

The modelled conductive zone MAM-2009_zone_6 coincides partly with brittle zone 
OL-BFZ056 (Figure 6-15) and in the upper part also with hydraulically conductive zone 
HZ19C (Figure 6-16). 

 
 
Figure 6-15. MAM-2009_zone_6 (brown) and brittle deformation zone OL-BFZ056 
(violet). View to the NE. 
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Figure 6-16. MAM-2009_zone_6 (brown) and hydraulically conductive zone HZ19C 
(blue). View to the NE. 

Figure 6-17 shows a detail of these three zones, MAM-2009_zone_4 – 6 (models from 
four different earthings), and how they can be separated from each other although they 
have galvanic connections making the modelling quite complicated. 

 
 
Figure 6-17. Connections between the modelled conductors earthing in OL-KR28 at 
179 m (brown), earthing in OL-KR4 at 80 m (violet), earthing in OL-KR4 at 116 m 
(blue) and earthing in OL-KR4 at 135 m (green). View to the NE. 
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As Figure 6-17 shows the conductors are mainly separate (parallel) but by earthing in 
OL-KR28 at 179 m it was possible to see that they are also connected to each other. 

Using only one earthing it is difficult to create a reliable model of this kind of 
complicated case but using data from several earthings improves the modelling.  

MAM-2009_zone_7. 

This zone has connections to brittle zone OL-BFZ081 and probably also to MAM-
2009_zone_6 and MAM-2009_zone_11. There was only very limited amount of 
measured data for modelling and therefore it is not possible to say whether this zone is 
just a local conductor or larger conductive zone. 

The modelled zone is presented in Figure 6-18. 

 
 
Figure 6-18. MAM-2009_zone_7 (brown layer and white lines) and brittle deformation 
zone OL-BFZ081 (violet). View to the NE. 

MAM-2009_zone_8. 

This conductive zone coincides partly with brittle zone OL-BFZ098 but differs clearly 
in the upper (western) part (Figure 6-19). According to the MAM modelling this zone is 
parallel to MAM-2009_zone_1 (but a separate conductor). 

It is also possible that this zone belong to a thick conductive zone including both MAM-
2009_zone_1 and MAM-2009_zone_8 conductors. 
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Figure 6-19. MAM-2009_zone_8 (brown) and brittle deformation zone OL-BFZ098 
(violet). View to the NE. 

MAM-2009_zone_9. 

MAM-2009_zone_9 is a part of one large brittle zone OL-BFZ099 (Figure 6-20). It has 
connections also to MAM-2009_zone_10. 

 
 
Figure 6-20. MAM-2009_zone_9 (brown) and brittle deformation zone OL-BFZ099 
(violet). View to the NE. 
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The modelled conductive zone MAM-2009_zone_9 includes data also from the 
modelling of Gefinex 400S (Sampo) EM soundings. 

The core of brittle zone OL-BFZ099 is based on the MAM survey data (supporting the 
geological data from drilholes). 

MAM-2009_zone_10. 

The conductive zone MAM-2009_zone_10 coincides well the brittle zone OL-BFZ002 
(Figure 6-21), but there is no data available to model the conductive zone to the extent 
of the geological model. 

 
 
Figure 6-21. MAM-2009_zone_10 (brown) and brittle deformation zone OL-BFZ002 
(violet). View to the NE. 

This conductive zone also fits very well the hydraulically conductive zone HZ21 
(Figure 6-22). Near the ground surface, in the northwest, and deeper, in the southeast, 
the hydraulically conductive zone HZ21 continues outside the area surveyed by Mise-à-
la-masse. 

Conductive zone MAM-2009_zone_10 has also connections to MAM-2009_zone_9. 
These two zones are different branches of a wide conductive zone. Only the lower 
branch, MAM-2009_zone_10, seems to be hydraulically conductive.  
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Figure 6-22. MAM-2009_zone_10 (brown) and hydraulically conductive zone HZ21 
(blue). View to the NE. 

MAM-2009_zone_11. 

In the ONKALO area model (Kemppainen et al. 2007) MAM-2009_zone_11 was 
presented as ONK103 zone. There are many crushed rock sections (Ri-zones) mapped 
in the drillholes inside this conductive zone, but it has been modelled as a brittle fault 
zone (OL-BFZ081) in the geological model only in a limited area (see Figure 6-23). 

 
 

Figure 6-23. MAM-2009_zone_11 (brown) and brittle deformation zone OL-BFZ081 
(violet). View to the NE. 
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There are also some weak connections between the conductive zones MAM-
2009_zone_11 and MAM-2009_zone_7. 

MAM-2009_zone_12. 

MAM-2009_zone_12 (Figure 6-24) was detected by two earthings in drillhole OL-
KR11, at the depth of 125 m and at the depth of 130 m. 

In spite of quite limited amount of data, the modelling of this conductive zone is 
reliable. In the drillholes inside this zone there are crushed rocks (Ri-zones) mapped but 
no brittle zone has been modelled of this zone. 

 
 
Figure 6-24. MAM-2009_zone_12 (brown). View to the NE. 

 

MAM-2009_zone_13. 

There is brittle zone OL-BFZ175 modelled in the eastern part of conductive zone 
MAM-2009_zone_13 but according to the MAM data it may continue clearly further to 
the west as Figure 6-25 shows. 

This conductive zone is parallel to MAM-2009_zone_3. 
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Figure 6-25. MAM-2009_zone_13 (brown) and brittle deformation zone OL-BFZ175 
(violet). View to the NE. 

MAM-2009_zone_14. 

The modelling of this conductor is based on a detailed survey carried out in the area of 
drillholes OL-KR14 – 18 and OL-KR30 to follow some hydraulically conductive zones 
(Pitkänen et al. 2008). Two brittle zones OL-BFZ005 and OL-BFZ036 may explain the 
modelling results of the MAM survey (Figure 6-26). 

 
 

Figure 6-26. MAM-2009_zone_14 (white lines) and brittle deformation zones OL-
BFZ005 and OL-BFZ036 (violet). View to the E. 
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Because of limited amount of data no 3D-model was created of this conductive zone. 
The connections from the earthings in drillhole OL-KR14 to drillhole OL-KR15 are 
presented as lines in Figure 6-26. 

MAM-2009_zone_15. 

The modelled conductive zone, MAM-2009_zone_15, is an unknown conductor with 
crushed rocks (Ri-zones) mapped in the drillholes inside it. The conductor is quite large 
but no brittle zone has been modelled of it (Figure 6-27). 

 
 
Figure 6-27. MAM-2009_zone_15 (brown). View to the NE. 

 

MAM-2009_zone_16. 

The storage hall fault has been detected by several earthings, as presented already above 
in chapter 6.2, although it is not very conductive. 

In addition to the data used in the modelling presented in Figure 6-28 there is plenty of 
data showing the continuation of this zone on the ground surface. These ground surface 
stations were not included in the model, because they are information detected from 
earthings outside this zone and with no galvanic connection to this zone (passive 
conductor). The locations of these stations are not exact (weak anomalies) showing only 
the possible location of the zone. The ground survey results are presented in Figure 6-
29. 
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Figure 6-28. MAM-2009_zone_16 (brown) and Storage hall fault, OL-BFZ100 
(yellow). View to the N. 

 

 
 
Figure 6-29. The location of MAM-2009_zone_16 (violet circles) according to some 
earthings outside the zone and the location of Storage hall fault, OL-BFZ100 (green 
line). 
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MAM-2009_zone_17 and 18  

MAM-2009_zone_17 (Figure 6-30) may be the southern and MAM-2009_zone_18 
(Figure 6-31) the northern contact of the weathered rock unit detected in ONKALO. 

 
 
Figure 6-30. MAM-2009_zone_17 (brown). View to the NE. 

 

 
 
Figure 6-31. MAM-2009_zone_18 (brown). View to the NE. 
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The dip of the contacts of the weathered rock unit may be steeper than presented in 
Figures 6-30 and 6-31. The connections from the earthings to the ground surface may 
not be as straight as the modelling suggests. 

MAM-2009_zone_19, 20 and 21. 

The measurements by the earthings in drillhole OL-KR11 showed some W – E trending 
features. These features may be due to vertical conductors crossing the gently dipping 
zones. It is also possible that these conductors are not in connection with the gently 
dipping zones but outside them (passive conductors with unknown dips). The modelling 
of these conductors needs more work to find out the best solution, for instance by 
theoretical model calculations or by some detailed MAM surveying. 

These conductors seem to follow the ductile D3 deformation direction (the Selkänummi 
shear zone) in the northern part of Olkiluoto Island. 

Figure 6-32 shows the model of MAM-2009_zone_19, Figures 6-33 and 6-34 the model 
of MAM-2009_zone_20 and Figures 6-35 and 6-36 the model of MAM-2009_zone_21. 

 
 
Figure 6-32. MAM-2009_zone_19 (brown). View to the W. 
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Figure 6-33. MAM-2009_zone_20 (brown). View to the W. 

 

 
 
Figure 6-34. MAM-2009_zone_20 (brown). View from above. 
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Figure 6-35. MAM-2009_zone_21 (brown). View to the W. 

 

 
 
Figure 6-36. MAM-2009_zone_21 (brown). View from above. 

MAM-2009_zone 22. 

To the east of ONKALO there is a large SW – NE trending conductive zone detected by 
several earthings. This zone, MAM-2009_zone_22, is probably vertical (Figure 6-37) 
and may include both ductile and brittle zones (Figure 6-38). 
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Figure 6-37. MAM-2009_zone_22 (brown). View to the NE. 

 

 
 
Figure 6-38. MAM-2009_zone_22 (brown outline). View from above. 

The direction of conductive zone MAM-2009_zone_22 is close to the direction of 
ductile D4 deformation. 
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MAM-2009_zone_23. 

To the east of MAM-2009_zone_22 there are indications of another SW – NE trending 
conductive zone (Figure 6-39) parallel to MAM-2009_zone_22. Because there is no 
direct information (galvanic connection from earthing) of this unknown zone it is 
difficult to say anything about the dip of the zone. It is also difficult to determine the 
exact location of the zone and therefore it is presented as a group of anomalous stations 
detected on the ground surface. 

 
 
Figure 6-39. MAM-2009_zone_23 (violet circles). View from above. 

 

MAM-2009_zone_24 and 25. 

Some earthings in and outside the Storage hall fault (OL-BFZ100) show features of 
conductors parallel to the fault or features of possible branches of the fault. 

In Figure 6-40 there is a modelled conductive zone presented to the west of the Storage 
hall fault and in Figure 6-41 a modelled conductor to the east of the fault. 

Unfortunately there is no information of the dip directions of these conductors in the 
data. 
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Figure 6-40. MAM-2009_zone_24 (violet circles) and the location of the Storage hall 
fault OL-BFZ100 (green line). View from above. 

 

 
 

Figure 6-41. MAM-2009_zone_25 (violet circles) and the location of the Storage hall 
fault OL-BFZ100 (green line). View from above. 



87 

MAM-2009_zone_26. 

Figure 6-42 shows the location of an unknown conductor almost parallel to the 
weathered rock unit detected in ONKALO. This conductor may be due to a deformation 
zone or it may be a local sulphide- or graphite-bearing zone. 

 
 
Figure 6-42. MAM-2009_zone_26 (violet circles). View from above. 

MAM-2009_zone_27. 

To the southwest of ONKALO there is a S – N trending conductive zone detected by 
several earthings. This zone may be the southern continuation of brittle zone OL-
BFZ123 or a branch of the Storage hall fault (OL-BFZ100). 

Depending on the dip of this zone it should be detected in ONKALO tunnel. 

The ground surface location of this conductor is presented in Figure 6-43. 

MAM-2009_zone_28. 

In the ONKALO tunnel an almost S – N trending fractured zone has been mapped at 
chainage PL3333 – 3350 and it seems to be quite vertical. Above it, on the ground 
surface a conductive zone has been modelled as Figure 6-44 shows. 

It is possible that the modelled conductor is the same zone as detected in the tunnel. No 
information of this kind of zone has been mapped so far on the ground surface. To 
confirm the real location of this zone, it seems to be possible to use Mise-à-la-masse 
surveying by placing the earthing in the zone in the tunnel and measuring some profiles 
on the ground surface. 
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Figure 6-43. MAM-2009_zone_27 (violet circles), the location of the Storage hall fault 
OL-BFZ100 (green line) and the ground surface projection of brittle zone OL-BFZ123 
(orange line). View from above. 

 
 
Figure 6-44. MAM-2009_zone_28 (violet circles) and the ground surface projection of 
the fracture zone detected at chainage PL3333 – 3350 (orange double-line). View from 
above. 
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MAM-2009_zone_29. 

 
There is indication in the MAM data of a possible SW – NE trending conductor to the 
SW of ONKALO (Figure 6-45). This zone is quite uncertain due to disturbing 
anomalies caused by electric lines. 

 
 
Figure 6-45. MAM-2009_zone_29 (violet circles). View from above. 

MAM-2009_zone_30. 

Between drillholes OL-KR7 and OL-KR10 there was a conductive zone detected by 
MAM surveying (Figure 6-46). This conductor was earlier detected by slingram 
(HLEM) measurements and it may have connections to conductive zones MAM-
2009_zone_4, 5 and 6. 

MAM-2009_zone_31. 

In the northern part of the Olkiluoto Island there was a conductor detected by the 
earthings in drillhole OL-KR33. This conductor is W – E trending (Figure 6-47) and 
possible due to the Selkänummenharju shear zone. 
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Figure 6-46. MAM-2009_zone_30 (violet circles). View from above. 

 

 
 
Figure 6-47. MAM-2009_zone_31 (violet circles). View from above. 
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MAM-2009_zone_32. 

From the data from the earthings in drillhole OL-KR33 there was also a SW – NE 
trending conductive zone modelled (Figure 6-48). Unfortunately the surveyed area was 
very small and the modelling therefore quite uncertain. 

 
 
Figure 6-48. MAM-2009_zone_32 (violet circles). View from above. 

MAM-2009_zone_33. 

A SW – NE trending conductor was detected to the southeast of ONKALO in the data 
measured by three earthings in the ONKALO tunnel (at chainages PL720, PL899 and 
PL952). The modelling is uncertain due to disturbing electric fields in the ONKALO. 
Also the anomalies were quite weak and surveyed area quite limited. 

In spite of the uncertainties, there may exist a conductor like presented in Figure 6-49. 
In the tunnel there are some vertical fractures detected below this conductor and it is 
possible that he conductor is the same fractured zone. 
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Figure 6-49. MAM-2009_zone_33 (violet circles). View from above. 

 

MAM-2009_zone_34. 

A long ENE – WSW trending conductive zone was detected to the south, southeast and 
east of ONKALO by several different earthings. This zone fits well the conductor 
modelled earlier from the slingram (HLEM) data and probably it is a part of the Liikla 
shear zone (Figure 6-50). 

The data provides no information of the dip value but according to the quite good 
conductivity of this zone (causing slingram anomaly) it would be possible to get more 
information of this zone by placing an earthing into the zone in a drillhole, where it has 
been intersected and by measuring some profiles or an area above the zone. Now all the 
information of this conductor is from measurements carried out by earthings outside this 
zone. 
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Figure 6-50. MAM-2009_zone_34 (violet circles) and the location of a conductor 
modelled from slingram data (red outlines). View from above. 
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7 CONCLUSIONS 

The task of this modelling work was to give information of possible electrically 
conductive zones to be used in geological modelling. The results have already been 
partly considered in the update of the geological model of Olkiluoto (Aaltonen et al., 
2009, in prep.). Therefore the focus was in creating geologically reasonable models and 
not only to tell the locations of the best galvanic connections. 

It is natural that the resistivity values vary inside the conductive zones just like the 
geological features inside the zones (more or less sulphides or graphite, partly open 
fractures, etc.) causing changes in the potential field data and therefore the anomalies at 
different surveying stations can be quite different. The structures inside different (thick) 
zones may also be quite complicated causing difficulties to create very detailed models 
of the conductors within the zones. 

Because the conductivity of the host rock in Olkiluoto area is poor, it is possible to 
follow different kind of conductors (sulphide- and graphite bearing zones, water filled 
fractures and zones, fractures filled with clay material, etc.) by MAM surveying. 

Information used in this modelling: 

1. potential field data from each earthing separately (also weak anomalies 
accepted) 

2. potential field data from other conductors examined in this survey 
(supporting the anomalies observed from the data under examination) 

3. conductors modelled from the other earthings (no crossing of different 
zones accepted) 

4. other geophysical data (e.g. drillhole logging, EM soundings and earlier 
Mise-à-la-masse in some cases) 

5. geometry of the modelled geological zones (from the geological site 
 model). 

The conductors modelled from separate MAM surveys were combined together when 
they were belonging to same conductive zones. No thickness values were determined 
for the conductive zones but when using for instance the resistivity logging data it 
would be possible to give estimates for the thickness values. 

Of all modelled conductors also the observed geological information was collected and 
listed in a table. No real integration between the modelled conductors and the geological 
model was carried out because it will be done in updating the geological model. 

When earlier works have shown the best galvanic connections from different earthings 
this work shows the most probable locations for different electrically conductive zones. 
In this work also all the data was examined at the same time and integrated models of 
the MAM zones were created. 
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According to the modelling presented here and to some discussions with hydrologists 
the results from the Mise-à-la-masse surveys support well the modelling of 
hydraulically conductive zones. 

The extensions of the hydraulically conductive zones seem to be more limited than the 
extensions of the electric conductors but it is probable that the fractured zones are more 
open in the area close to ONKALO and more filled further away (but the zones are still 
electric conductors due to clay or sulphide filling). 

Mise-à-la-masse surveying seems to be a useful tool in hydrological and geological 
modelling, especially when modelled “geologically” as described above. 

The major deficiencies of the modelling method used in this work are weak potential 
anomalies far away from the earthings causing troubles to detect correct connections 
and difficulties to detect separate anomalies within complicated zones. 

In the future it is highly recommended to create an integrated model using the 
geological model, the MAM models presented here, the hydrological model and 
possibly the model from the rock mechanics. This work is likely to include also some 
modifications to different submodels. 

Information not used in this modelling but recommended in real integrated modelling: 

1. detailed geology (other than just geometry) 

2. models and results from other geophysical data (e.g. seismic reflectors, 
etc.) 

3. hydrology 

For instance the area to the north of drillhole OL-KR11 needs more detailed modelling 
to find out the upper parts of different conductive zones and the existence of possible 
vertical conductors. 

Because the potential field anomalies caused by the conductors can be very weak, as 
presented in chapters 4 and 5, it was necessary to go through every single measured 
value from all measured data to find the geologically reasonable connection points for 
each conductor. In this work the theoretical model calculations would be helpful. 
Unfortunately these calculations were available only at the end of this work but it is 
highly recommended to use them in the following MAM modelling work and in 
creating the integrated model of all the geological, geophysical and hydrological data. 
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APPENDICES 

Appendix 1. Earthings used in Olkiluoto during 1995 – 2008 and the surveyed 
drillholes. An example (the comprehensive table is available in Posiva’s POTTI 
database). 

Appendix 2. Modelled connections from the earthings used during 1995 – 2008 in 
Olkiluoto. An example (the comprehensive table is available in Posiva’s POTTI 
database). 

Appendix 3. Modelled conductors. 

Appendix 4. Conductive zone connections (integrated MAM models). An example (the 
comprehensive table is available in Posiva’s POTTI database). 
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APPENDIX 1. Earthings used in Olkiluoto during 1995 – 2008 and the surveyed 
drillholes. An example (the comprehensive table is available in Posiva’s POTTI 
database). 
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APPENDIX 2. Modelled connections from the earthings used during 1995 – 2008 in 
Olkiluoto. An example (the comprehensive table is available in Posiva’s POTTI 
database). 
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APPENDIX 3. Modelled conductors. 

Descriptions of all modelled conductors. 

 

 
 

MODELLED CONDUCTORS (MAM SURVEYS 1995 – 2008) 

The modelling results of the data measured from each earthing are presented here as 

figures and with some short notes. Of these models integrated models were combined 

and they are presented in chapter 6 in the modelling report. 

 

The models are discussed in the modelling order starting from drillhole OL-KR1. 

 

Some connections to the other MAM-models and/or brittle zones and hydraulically 

conductive zones are also presented, if detected. 

 

The modelled connections of each MAM model are listed in appendix 2. 
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1 EARTHINGS IN OL-KR1 

Earthing OL-KR1_102m: 

Because the ground surface profiles were too short it was not possible to model the 
connections from the drilhole to the ground surface. Figures 1-1 and 1-2 show one 
possible connection. 

 
 

Figure 1-1. Modelled connection from the earthing at the depth of 102 m in drillhole 
OL-KR1 to the ground surface (white line). View from above. 

 
 
Figure 1-2. Modelled connection from the earthing at the depth of 102 m in drillhole 
OL-KR1 to the ground surface (white line). View to the E. 
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Earthing OL-KR1_155m: 

The modelling of this data is a good example of too short survey lines. The modelling 
shows that the conductor is outcropping to the north of the drillhole (Figures 1-3 and 1-
4) but the modelled connection point is probably too near, because the real anomaly 
would be outside the measured area. 

 
 

Figure 1-3. Modelled connection from the earthing at the depth of 155 m in drillhole 
OL-KR1 to the ground surface (red line). View from above. 

 

Figure 1-4. Modelled connection from the earthing at the depth of 155 m in drillhole 

OL-KR1 to the ground surface (red line) and the modelled conductor from the earthing 

at the depth of 314 m in drillhole OL-KR4 (brown). View to the E. 
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The conductor coincides partly with the MAM model from the earthing OL-KR4_341m 
but the connection point on the ground surface is not modelled reliably due to the 
lacking data. 
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2 EARTHINGS IN OL-KR3 

Earthing OL-KR3_158m: 

The modelled conductor is probably continuation of the conductor modelled from the 
data measured by the earthing at 368 m in drillhole OL-KR4 (Figure 2-1). The 
connection point in drillhole OL-KR3 is not exactly the same in both models but they 
are so close to each other that it is probable that they are due to the same conductive 
zone. 

 
 
Figure 2-1. Modelled conductor from the earthing at the depth of 158 m in drillhole 
OL-KR3 (brown) and the modelled conductor from the earthing at the depth of 368 m in 
drillhole OL-KR4 (yellow). View to the NE. 

Because only five short profiles were measured on the ground surface by this earthing 
the outcrop of this conductor can be detected only in quite limited area. 

Earthing OL-KR3_242m: 

The modelled conductor from the earthing at 242 m in drillhole OL-KR3 is the 
continuation of the MAM model from the earthing at 490 m in drillhole OL-KR4 
(Figure 2-2). This zone was modelled as brittle zone ONK56 in the ONKALO area 
model (Kemppainen et al. 2007). 

Also by this earthing only five short lines were measured on the ground surface and no 
other drilhohes than OL-KR1, the conductor was detected in a very limited area. 
Anyway the result shows that this conductor is part of a very large conductive zone and 
the outcrop of the zone is turning towards SE in the western part of the site area. 
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Figure 2-2. Modelled conductor from the earthing at the depth of 242 m in drillhole 
OL-KR3 (brown) and the modelled conductor from the depth of 490 m in drillhole OL-
KR4 (yellow). View to the NE. 

Earthing OL-KR3_390m: 

This conductor can not be connected to any other conductor or conductive zone. The 
lines measured on the ground surface are too short for reliable modelling but the 
conductor is probably gently dipping to the SE (Figures 2-3 and 2-4). 

 
Figure 2-3. Modelled conductor from the earthing at the depth of 390 m in drillhole 
OL-KR3 (brown). View from above. 
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Figure 2-4. Modelled conductor from the earthing at the depth of 390 m in drillhole 
OL-KR3 (brown). View to the NE. 
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3 EARTHINGS IN OL-KR4 

Earthing OL-KR4_58m: 

The conductor modelled from data of the earthing at OL-KR4_58m shows a gently to 
the SE dipping conductor (Figures 3-1 and 3-2). 

 
 
Figure 3-1. Modelled conductor from the earthing at the depth of 58 m in drillhole OL-
KR4 (brown). View from above. 

 
 

Figure 3-2. Modelled conductor from the earthing at the depth of 58 m in drillhole OL-
KR4 (brown). View to the NE. The tunnel cutting fractures (TCF) are presented as 
white lines in the tunnel walls. 
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Figure 3-2 shows also that the conductor fits one tunnel cutting fracture (fracture cutting 
the whole tunnel cross-section). 

According to the modelling of the data from the other earthings (in different drillholes) 
the conductor discussed here coincides fro instance with the conductors modelled from 
the earthings at the depth of 162 m in drillhole OL-KR8 and at the depth of 262 m in 
drillhole OL-KR27 as Figure 3-3 shows. 

 
 
Figure 3-3. Modelled conductors from the earthing at the depth of 58 m in drillhole 
OL-KR4 (brown), from the earthing at the depth of 162 m in drillhole OL-KR8 (violet) 
and from the earthing at the depth of 262 m in drillhole OL-KR27 (yellow). View to the 
N. 

Earthing OL-KR4_79-80m: 

The conductor modelled of the data from the earthing at the depth of 79 - 80 m in 
drillhole OL-KR4 shows gently to the SE dip (Figures 3-4 and 3-5). This conductor may 
have connection to the ground surface in the ONKALO area but it is also possible that 
the connection to the ground surface is due to the weathered rock unit detected in tunnel 
(the southern contact of the rock unit). 

The conductor can be connected with the conductor modelled from the earthing at 122 
m in drillhole OL-KR25 (see Figure 3-5). 

There seems to be also connections to the conductors both above and below this 
conductor making reliable separating of different conductors difficult. Probably there 
exists a thick zone with several parallel conductors. Some of these conductors are brittle 
zones and some hydraulically conductive. It is also possible that the weathered rock unit 
is connecting some gently dipping conductors together. 
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Figure 3-4. Modelled conductor from the earthing at the depth of 79 – 80 m in drillhole 
OL-KR4 (brown). View from above. 

 
 
Figure 3-5. Modelled conductors from the earthing at the depth of 79 – 80 m in 
drillhole OL-KR4 (brown) and from the earthing at the depth of 122 m in drillhole OL-
KR25 (yellow). View to the NE. 

Earthing OL-KR4_116m: 

Also this conductor is gently to the SE dipping and quite large with connections to the 
conductor modelled from the earthing OL-KR40_386m (Figures 3-6 and 3-7). 
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Figure 3-6. Modelled conductor from the earthing at the depth of 116 m in drillhole 
OL-KR4 (brown) and the conductor modelled from the earthing OL-KR40_386m 
(yellow). View from above. 

 
 
Figure 3-7. Modelled conductors from the earthing at the depth of 116 m in drillhole 
OL-KR4 (brown) and from the earthing at the depth of 386 m in drillhole OL-KR40 
(yellow). View to the N. 

Earthing OL-KR4_135-136m: 

This conductor is gently to the SE dipping but it has also connection to the weathered 
rock unit on the ground surface (Figure 3-8). 
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Figure 3-8. Modelled conductors from the earthing at the depth of 135 – 136 m in 
drillhole OL-KR4 (brown). View to the E. 

Earthing OL-KR4_314m: 

This conductor is one of the largest conductors in the surveyed Olkiluoto area (Figure 3-
9). The conductor is gently to the SE dipping (Figure 3-10). 

 
 
Figure 3-9. Modelled conductor from the earthing at the depth of 314 m in drillhole 
OL-KR4 (brown). View from above. 
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Figure 3-10. Modelled conductor from the earthing at the depth of 314 m in drillhole 
OL-KR4 (brown). View to the NE. 

The possible outcrop of this conductor can be also roughly modelled although the data 
close to the power lines is quite noisy (Figure 3-11). 

 
 
Figure 3-11. Modelled location of the outcrop of the conductor from the earthing at the 
depth of 314 m in drillhole OL-KR4 (brown outline) on the potential field map. The 
location of the current earthing is marked by orange circle. 
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Earthing OL-KR4_368m: 

This is another very large, gently to the SE dipping conductor in the surveyed site area 
(Figures 3-12 and 3-13, see also Figure 2-1). 

 
 
Figure 3-12. Modelled conductor from the earthing at the depth of 368 m in drillhole 
OL-KR4 (brown). View from above. 

 
 
Figure 3-13. Modelled conductor from the earthing at the depth of 368 m in drillhole 
OL-KR4 (brown). View to the NE. 
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Possible outcrop of the conductor surveyed by the earthing at 368 m in drillhole OL-
KR4 is presented in Figure 3-14. The location of the outcrop is uncertain due to noise 
caused by the power lines nearby. The vicinity of the conductor above from the earthing 
OL-KR4_314 m is also disturbing the modelling. These two conductors seem to be 
connected to each other. 

 
 
Figure 3-14. Modelled location of the outcrop of the conductor from the earthing at the 
depth of 368 m in drillhole OL-KR4 (brown outline) on the potential field map. The 
location of the current earthing is marked by orange circle. 

Earthing OL-KR4_394m: 

It is not possible to say anything sure about the scale of the conductor surveyed by the 
earthing at the depth of 394 m in drillhole OL-KR4 because only few drillholes were 
surveyed by this earthing. 

The conductor seems to be one of the gently to the SE dipping conductors and 
according to the MAM surveys carried out by the earthing at 305 m in drillhole OL-
KR11 it seems to continue further to the east and it coincides partly with brittle zone 
OL-BFZ098. 

Figures 3-15 and 3-16 show the conductor modelled of the data from the earthing OL-
KR4_394m. 

There is also information of W – E trending conductors to the south of ONKALO in the 
survey data. The anomalous stations on the ground surface are presented in Figure 3-17 
on the potential field map created from the surveyed data. These conductors are 
probably due to the Liikla shear zone and they can be detected also from the slingram 
(HLEM) data (Figure 3-18). 
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Figure 3-15. Modelled conductor from the earthing at the depth of 394 m in drillhole 
OL-KR4 (brown). View from above. 

 
 
Figure 3-16. Modelled conductor from the earthing at the depth of 394 m in drillhole 
OL-KR4 (brown). View to the E. 
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Figure 3-17. Modelled location of a conductor detected by the earthing at the depth of 
394 m in drillhole OL-KR4 (violet circles) on the potential field map. The location of 
the current earthing is marked by orange circle. 

 
 
Figure 3-18. Modelled location of a conductor detected by the earthing at the depth of 
394 m in drillhole OL-KR4 (violet circles) on the slingram (HLEM) map. The location 
of the current earthing is marked by orange circle. 
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Earthing OL-KR4_490m: 

This conductor was already discussed in chapter 2 when the modelled conductor from 
the earthing at 242 m in drillhole OL-KR3 was presented (see Figure 2-2). The size of 
the conductor is big and it has been modelled as brittle zone ONK56 in the ONKALO 
area model (Kemppainen et al., 2007). 

Figures 3-19 and 3-20 show the location of the modelled conductor. 

 
 

Figure 3-19. Modelled conductor from the earthing at the depth of 490 m in drillhole 
OL-KR4 (brown). View from above. 

 

Figure 3-20. Modelled conductor from the earthing at the depth of 490 m in drillhole 

OL-KR4 (brown). View to the NE. 
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Also in the data of this earthing W – E trending anomalies can be detected showing the 
locations of conductors following the Liikla shear zone (Figure 3-21). 

 
 
Figure 3-21. Modelled location of a conductor detected by the earthing at the depth of 
490 m in drillhole OL-KR4 (violet circles) on the potential field map. The location of 
the current earthing is marked by orange circle. 

Earthing OL-KR4_759m: 

Two different gently to the SE dipping conductors can be modelled from the data 
measured by the earthing at the depth of 759 m in drillhole OL-KR4. In the deeper part 
in the SE they coincide but in the NW the upper part is steeper and is probably 
outcropping on the northern coast of the Olkiluoto island. The lower part continues 
further to the north and is outcropping below the sea. 

Figures 3-22 – 3-24 show the locations of both modelled conductors. The lower 
conductor coincides very well the modelled hydraulically conductive zone HZ21 
(Figure 3-25). 
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Figure 3-22. Modelled upper conductor from the earthing at the depth of 759 m in 
drillhole OL-KR4 (brown). View from above. 

 

 
 
Figure 3-23. Modelled lower conductor from the earthing at the depth of 759 m in 
drillhole OL-KR4 (brown). View from above. 
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Figure 3-24. Modelled conductors from the earthing at the depth of 759 m in drillhole 
OL-KR4 (brown). View to the NE. 

 
 
Figure 3-25. Modelled lower conductor from the earthing at the depth of 759 m in 
drillhole OL-KR4 (brown) and modelled hydraulically conductive zone HZ21 (violet). 
View to the NE. 
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4 EARTHINGS IN OL-KR7 

Only one earthing has been placed in drillhole OL-KR7 so far, at the depth of 416 m. 

Earthing OL-KR7_416m: 

The conductive zone detected at this depth by resistivity logging was earlier supposed to 
be quite vertical but according to the mise-à-la-masse surveys carried out by the 
earthing at the depth of 490 m in 2003 and the Gefinex 400S (Sampo) EM soundings 
carried out in 2004 suggested rather gently dip to the conductor. The MAM survey 
carried out in 2004 by this earthing at 416 m in OL-KR7 confirmed the existence of a 
gently dipping conductive zone (see Figure 4-1, Kemppainen et al. 2007). 

 
 
Figure 4-1. Continuation of the old structure R56, according to electromagnetic (green 
blocks) and electric measurements 2004. 

The modelled conductor is presented in Figures 4-2 and 4-3 (in Figure 4-3 also the 
conductor from the earthing OL-KR4_490m is presented). 

According to the MAM modelling this conductor is very large and will cross also the 
planned repository level. In the ONKALO area model this conductive zone was 
modelled as brittle zone ONK56 (Kemppainen et al. 2007). 
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Figure 4-2. Modelled conductor from the earthing at the depth of 416 m in drillhole 
OL-KR7 (brown). View from above. 

 
 
Figure 4-3. Modelled conductor from the earthing at the depth of 416 m in drillhole 
OL-KR7 (brown). View to the N. 
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5 EARTHINGS IN OL-KR8 

Earthing OL-KR8_60m: 

No reliable model can be created from the data measured by this earthing due to very 
limited measurements. Only some galvanic connections were detected as Figures 5-1 
and 5-2 show. 

 
 

Figure 5-1. Detected galvanic connections to the surveyed drillholes from the earthing 
at the depth of 80 m in drillhole OL-KR8 (white lines). View from above. 

 
 

Figure 5-2. Detected galvanic connections to the ground surface from the earthing at 
the depth of 80 m in drillhole OL-KR8 (white lines). View from above. 
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Earthing OL-KR8_80m: 

The conductor modelled from the data of the earthing at the depth of 80 m in drillhole 
OL-KR8 (Figures 5-3 and 5-4) is gently dipping to the SE. It can not be connected to 
any known zone. 

 
 
Figure 5-3. Modelled conductor from the earthing at the depth of 80 m in drillhole OL-
KR8 (brown). View from above. 

 
 
Figure 5-4. Modelled conductor from the earthing at the depth of 80 m in drillhole OL-
KR8 (brown). View to the N. 
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Earthing OL-KR8_162m: 

This model was already mentioned shortly in chapter 3 in this appendix due to its 
connection to the conductor modelled from the data from the earthing in OL-KR4 at 58 
m. The location of this conductor is presented in Figures 5-5 and 5-6. 

 
 
Figure 5-5. Modelled conductor from the earthing at the depth of 162 m in drillhole 
OL-KR8 (brown). View from above. 

 
 
Figure 5-6. Modelled conductor from the earthing at the depth of 162 m in drillhole 
OL-KR8 (brown). View to the NE. 
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This conductor has also good galvanic connections to the conductors above it and it is 
possible these conductors belong to a thicker zone with several conductors. 

In addition to the connection with the conductor modelled from the data of the earthing 
at 58 m in drillhole OL-KR4 there is also connection to the conductor examined by the 
earthing at 262 m in drillhole OL-KR27 (Figure 5-7). 

 
 
Figure 5-7. Modelled conductor from the earthing at the depth of 162 m in drillhole 
OL-KR8 (brown), conductor modelled from the earthing at 58 m in drillhole OL-KR4 
(violet) and conductor modelled from the earthing at 262 m in drillhole OL-KR27 
(yellow). View to the N. 

Earthing OL-KR8_354m: 

This conductor was modelled as ONK103 zone in the ONKALO area model 
(Kemppainen et al. 2007) and it has probably connections to brittle zone OL-BFZ081. 

Conductors surveyed by the earthings in drillholes OL-KR11 at 216 m, OL-KR14 at 93 
m, OL-KR27 at 338 m, OL-KR28 at 245 m and OL-KR29 at 130 m are modelled to be 
the continuations of this OL-KR8_354m conductor. 

The location of the conductor is presented in Figures 5-8 and 5-9. 
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Figure 5-8. Modelled conductor from the earthing at the depth of 354 m in drillhole 
OL-KR8 (brown). View from above. 

 
 
Figure 5-9. Modelled conductor from the earthing at the depth of 354 m in drillhole 
OL-KR8 (brown). View to the NE. 

Earthing OL-KR8_552m: 

There was only quite limited amount of data to model the conductor with the earthing at 
552 m in drillhole OL-KR8. From the detected galvanic connections a model was 
created but there are also some other possibilities for modelling as Figure 5-10 shows. 
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Figure 5-10. Modelled conductor from the earthing at the depth of 552 m in drillhole 
OL-KR8 (brown) and galvanic connections to some other conductors (white lines). 
View to the NE. 
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6 EARTHINGS IN OL-KR11 

All13 earthings placed in drillhole OL-KR11 showed both gently to the SE dipping and 

almost vertical W – E trending conductors. 

 
Earthing OL-KR11_125m: 

The modelled conductor is gently dipping to the SE (Figures 6-1 and 6-2) but also an 
almost vertical branch can be modelled (Figure 6-3). 

 
 

Figure 6-1. Modelled conductor from the earthing at the depth of 125 m in drillhole 
OL-KR11 (brown). View from above. 

 
Figure 6-2. Modelled conductor from the earthing at the depth of 125 m in drillhole 
OL-KR11 (brown). View to the N. 
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Figure 6-3. Modelled vertical connection from the earthing at the depth of 125 m in 
drillhole OL-KR11 (brown). View to the W. 

The vertical connections may be via an unknown vertical conductor inside the W – E 
trending deformation zone modelled by the geologists. Same kind of vertical features 
are discussed in chapter 6 in the report (where integrated conductive zones MAM-
2009_zone_19, MAM-2009_zone_20 and MAM-2009_zone_21 are discussed). 

Earthing OL-KR11_130m: 

This conductor (Figure 6-4) coincides with the model from the earthing OL-
KR11_125m discussed above. 

 
Figure 6-4. Modelled conductor from the earthing at the depth of 125 m in drillhole 
OL-KR11 (brown). View to the N. 
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This earthing shows also same vertical connections from the earthing to the ground 
surface as the earthing at 125 m in drillhole OL-KR11. 

Earthing OLKR11_216m: 

This conductor is a gently dipping conductor (Figures 6-5 and 6-6) with connections to 
the earthing OL-KR8_354m discussed above in chapter 5. 

 
 

Figure 6-5. Modelled conductor from the earthing at the depth of 216 m in drillhole 
OL-KR11 (brown). View from above. 

 
Figure 6-6. Modelled conductor from the earthing at the depth of 216 m in drillhole 
OL-KR11 (brown). View to the W. 
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The ground surface survey by the earthing at 216 m in drillhole OL-KR11 showed also 
information of two SW – NE trending conductive zones (Figures 6-7 and 6-8). 

 
 

Figure 6-7. Modelled location of a conductive zone detected by the earthing at the 
depth of 216 m in drillhole OL-KR11 (violet circles) on the potential field map. The 
location of the current earthing is marked by orange circle. 

 
Figure 6-8. Modelled location of another conductive zone detected by the earthing at 
the depth of 216 m in drillhole OL-KR11 (violet circles) on the potential field map. The 
location of the current earthing is marked by orange circle. 
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Earthing OL-KR11_278m: 

This conductor is the eastern continuation of the conductor modelled from the earthing 
in drillhole OL-KR4 at the depth of 314 m. The modelled conductor is presented in 
Figures 6-9 and 6-10 and in Figure 6-11 together with the model from the earthing OL-
KR4_314m. 

 
 
Figure 6-9. Modelled conductor from the earthing at the depth of 278 m in drillhole 
OL-KR11 (brown). View from above. 

 
 
Figure 6-10. Modelled conductor from the earthing at the depth of 278 m in drillhole 
OL-KR11 (brown). View to the W. 
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Figure 6-11. Modelled conductor from the earthing at the depth of 278 m in drillhole 
OL-KR11 (brown) and the conductor modelled from the earthing at 314 m in drillhole 
OL-KR4 (yellow). View to the W. 

Earthing OL-KR11_305m: 

A gently to the SE dipping conductor was modelled of the data measured by the 
earthing at the depth of 305 m in drillhole OL-KR11 (Figures 6-12 and 6-13). 

 
 
Figure 6-12. Modelled conductor from the earthing at the depth of 305 m in drillhole 
OL-KR11 (brown). View from above. 
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Figure 6-13. Modelled conductor from the earthing at the depth of 305 m in drillhole 
OL-KR11 (brown). View to the W. 

This conductor may be the eastern continuation of the conductor modelled from the 
earthing OL-KR4_394m. 

Two SW – NE trending conductive zone were also detected from the ground surface 
data measured by this earthing (Figures 6-14 and 6-15). 

 
Figure 6-14. Modelled location of a conductive zone detected by the earthing at the 
depth of 305 m in drillhole OL-KR11 (violet circles) on the potential field map. The 
location of the current earthing is marked by orange circle. 
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Figure 6-15. Modelled location of another conductive zone detected by the earthing at 
the depth of 305 m in drillhole OL-KR11 (violet circles) on the potential field map. The 
location of the current earthing is marked by orange circle. 

Earthing OL-KR11_373m: 

This gently dipping conductor (Figures 6-16 and 6-17) can not be connected to any 
known conductors or zones. There are also some almost vertical connections to the 
ground surface detected. 

 

Figure 6-16. Modelled conductor from the earthing at the depth of 373 m in drillhole 
OL-KR11 (brown). View from above. 
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Figure 6-17. Modelled conductor from the earthing at the depth of 373 m in drillhole 
OL-KR11 (brown). View to the W. 

Earthing OL-KR11_414m: 

The conductor modelled from the data measured by the earthing at the depth of 414 m 
in drillhole OL-KR11 is presented in Figures 6-18 and 6-19. This conductor is 
practically the same as modelled from the data measured by the earthing at 418 m OL-
KR11. 

 
 
Figure 6-18. Modelled conductor from the earthing at the depth of 414 m in drillhole 
OL-KR11 (brown). View from above. 
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Figure 6-19. Modelled conductor from the earthing at the depth of 414 m in drillhole 
OL-KR11 (brown). View to the W. 

Some W – E trending conductors were also detected from the data measured by the 
earthing at 414 m in OL-KR11 (Figure 6-20). These conductors may be quite vertical 
because same kind of features were detected from the other earthings in OL-KR11 at the 
same location. 

 

Figure 6-20. Modelled location of some conductive zones detected by the earthing at 
the depth of 414 m in drillhole OL-KR11 (violet circles) on the potential field map. The 
location of the current earthing is marked by orange circle. 
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Earthing OL-KR11_418m: 

This conductor coincides with the conductor modelled from the data from the earthing 
at 414 m in drillhole OL-KR11 (Figures 6-21 and 6-22). Also some W – E trending 
conductors were detected in the surveyed area (Figure 6-23). 

 
 
Figure 6-21. Modelled conductor from the earthing at the depth of 418 m in drillhole 
OL-KR11 (brown). View from above. 

 
 
Figure 6-22. Modelled conductor from the earthing at the depth of 418 m in drillhole 
OL-KR11 (brown). View to the W. 
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Figure 6-23. Modelled location of some conductive zone detected by the earthing at the 
depth of 418 m in drillhole OL-KR11 (violet circles) on the potential field map. The 
location of the current earthing is marked by orange circle. 

Earthing OL-KR11_450m: 

The gently to the SE dipping conductor modelled from the data of the earthing at the 
depth of 450 m in drillhole OL-KR11 coincides with many other modelled conductors 
(e.g. the models from the earthings OL-KR4_490m and OL-KR7_416m). 

The modelled conductor is presented in Figures 6-24 and 6-25 together with the model 
from the earthing OL-KR4_490m. 

In the ground surface data two SW – NE trending conductive zones were also detected 
coinciding with the zones detected by several other earthings (Figures 6-26 and 6-27). 
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Figure 6-24. Modelled conductor from the earthing at the depth of 450 m in drillhole 
OL-KR11 (brown) and the conductor modelled from the earthing at 490 m in drillhole 
OL-KR4 (yellow). View from above. 

 
 
Figure 6-25. Modelled conductor from the earthing at the depth of 450 m in drillhole 
OL-KR11 (brown) and the conductor modelled from the earthing at 490 m in drillhole 
OL-KR4 (yellow). View to the W. 
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Figure 6-26. Modelled location of a conductive zone detected by the earthing at the 
depth of 450 m in drillhole OL-KR11 (violet circles) on the potential field map. The 
location of the current earthing is marked by orange circle. 

 
 
Figure 6-27. Modelled location of another conductive zone detected by the earthing at 
the depth of 450 m in drillhole OL-KR11 (violet circles) on the potential field map. The 
location of the current earthing is marked by orange circle. 
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Earthing OL-KR11_625m: 

Only one weak connection from the earthing at the depth of 625 m in drillhole OL-
KR11 was detected, at 505 m in drillhole OL-KR47. This connection fits the lower 
MAM model from the earthing at 759 m in drillhole OL-KR4 (Figure 6-28). 

 
 
Figure 6-28. Modelled conductor from the earthing at the depth of 625 m in drillhole 
OL-KR11 (pink line) and the deeper conductor modelled from the earthing at 759 m in 
drillhole OL-KR4 (brown). View to the W. 

Also from this earthing almost vertical connections to the ground surface were detected. 
Without more investigations it is not possible whether these connections are due to a 
vertical conductor cutting the gently dipping zone or to some other conductors inside 
the W – E trending shear zone modelled in this place. 

Earthing OL-KR11_698m: 

From the earthing at 698 m in drillhole OL-KR11 one weak connection was detected to 
the depth of 525 m in drillhole OL-KR47 (Figure 6-29). 

On the data measured on the ground surface two SW – NE trending conductive zones 
were detected (Figures 6-30 and 6-31). These zones are the same as discussed already 
above. Because some of the anomalies are quite weak and the zones may be quite wide 
it was not possible to locate these zones exactly. 
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Figure 6-29. Modelled conductor from the earthing at the depth of 698 m in drillhole 
OL-KR11 (white line). View to the W. 

 
 
Figure 6-30. Modelled location of a conductive zone detected by the earthing at the 
depth of 698 m in drillhole OL-KR11 (violet circles) on the potential field map. The 
location of the current earthing is marked by orange circle. 
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Figure 6-31. Modelled location of another conductive zone detected by the earthing at 
the depth of 698 m in drillhole OL-KR11 (violet circles) on the potential field map. The 
location of the current earthing is marked by orange circle. 

Earthing OL-KR11_739m: 

One weak connection from the earthing at the depth of 739 m in drillhole OL-KR11 was 
detected (Figure 6-32). 

 
 
Figure 6-32. Modelled conductor from the earthing at the depth of 739 m in drillhole 
OL-KR11 (white line). View to the W. 
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No connections to the ground surface were modelled (only very weak anomalies 
observed) and the conductor seems to continue to the north, outside the surveyed area. 

Earthing OL-KR11_895m: 

From the earthing at the depth of 895 m in drillhole OL-KR11 one weak connection was 
detected (Figure 6-33). On the ground surface the anomalies were weak and no models 
were created of the ground surface data. 

 
 
Figure 6-33. Modelled conductor from the earthing at the depth of 895 m in drillhole 
OL-KR11 (white line). View to the W. 
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7 EARTHINGS IN OL-KR14 

The MAM surveys by the earthings in drillhole OL-KR14 were carried out in a more 

detailed way using equipment with the electrodes isolated from the drillhole water. The 

surveys were a part of hydrological investigations and the results from this work are 

presented in the reports by Kristiansson et al. (2009) and by Pitkänen et al (2008). 

 

From the MAM survey data no real 3d models of the conductors were created but the 

connections to the surveyed drillholes and to the ground surface were picked up from 

the data and presented in string format in Gemcom Surpac™ software. In the following 

the figures from each earthing show the connections as strings. 

 
Earthing OL-KR14_15m: 

This conductive zone (Figure 7-1) is very gently dipping and it may be a part of a 
thicker zone with several parallel conductors. 

 
 
Figure 7-1. Modelled connections from the earthing at the depth of 15 m in drillhole 
OL-KR141 (white lines). View to the NE. 

Earthing OL-KR14_50m: 

The connections from the earthing at the depth of 50 m in drillhole OL-KR14 seem to 
be continuation to the conductor modelled by the earthing at 83 m in drillhole OL-KR30 
(Figure 7-2). 

This zone is probably also the continuation of the zone modelled from the erathing at 
the depth of 116 m in drillhole OL-KR4 and so a part of a quite large conductive zone 
in the Olkiluoto area. 
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Figure 7-2. Modelled connections from the earthing at the depth of 50 m in drillhole 
OL-KR14 (white lines) and the conductor modelled from the earthing at the depth of 83 
m in drillhole OL-KR30 (brown). View to the NE. 

Earthing OL-KR14_80m: 

The connections modelled from this earthing are continuation to the gently dipping 
conductor modelled from the earthing at 135-136 m in drillhole OL-KR4 (Figure 7-3). 

 

Figure 7-3. Modelled connections from the earthing at the depth of 80 m in drillhole 
OL-KR14 (white lines) and the conductor modelled from the earthing at the depth of 
135-136 m in drillhole OL-KR4 (brown). View to the NE. 
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Earthing OL-KR14_93m: 

The connections from the earthing at 93 m in drillhole OL-KR14 is the continuation of 
the conductor modelled from the earthing at 245 m in drillhole OL-KR28 (Figure 7-4). 

 
 
Figure 7-4. Modelled connections from the earthing at the depth of 93 m in drillhole 
OL-KR14 (white lines) and the conductor modelled from the earthing at the depth of 
245 m in drillhole OL-KR28 (brown). View to the NE. 

Earthing OL-KR14_151m: 

From the earthing at the depth of 151 m in drillhole a connection was detected to the 
depth of 124 m in drillhole OL-KR15 (Figure 7-5). Only drillhole OL-KR15 was 
measured by this earthing. 



155 

 
 
Figure 7-5. Modelled connections from the earthing at the depth of 151 m in drillhole 
OL-KR14 (white lines). View to the NE. 

Earthing OL-KR14_154m: 

By the earthing at the depth of 154 m in drillhole OL-KR14 one drillhole, OL-KR15, 
was measured. The connections between these two drillholes are presented in Figure 7-
6. 
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Figure 7-6. Modelled connections from the earthing at the depth of 154 m in drillhole 
OL-KR14 (white lines). View to the NE. 

Earthing OL-KR14_183m: 

The modelled connections from the earthing at 183 m in drillhole OL-KR14 coincide 
with the conductor modelled from the earthing at the depth of 314 m in drillhole OL-
KR4 (Figure 7-7) and so it is a part of brittle zone OL-BFZ098 and hydraulically 
conductive zone HZ20A. 

 
Figure 7-7. Modelled connections from the earthing at the depth of 183 m in drillhole 
OL-KR14 (white lines) and the conductor modelled from the earthing at the depth of 
314 m in drillhole OL-KR4 (brown). View to the NE. 
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Earthing OL-KR14_215m: 

The connections modelled from the data measured by the earthing at the depth of 215 m 
in drillhole OL-KR14 coincide with the conductor modelled from the earthing at the 
depth of 368 m in drillhole OL-KR4 (Figure 7-8). 

This conductor is so included into brittle zone OL-BFZ080 and hydraulically 
conductive zone HZ20B. 

 
 
Figure 7-8. Modelled connections from the earthing at the depth of 215 m in drillhole 
OL-KR14 (white lines) and the conductor modelled from the earthing at the depth of 
368 m in drillhole OL-KR4 (brown). View to the NE. 

 

Earthing OL-KR14_242m: 

The connections from the earthing at 242 m in drillhole OL-KR14 fit the conductor 
modelled from the earthing at 394 m in drillhole OL-KR4 (Figure 7-9). 
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Figure 7-9. Modelled connections from the earthing at the depth of 242 m in drillhole 
OL-KR14 (white lines) and the conductor modelled from the earthing at the depth of 
394 m in drillhole OL-KR4 (brown). View to the E. 

 

Earthing OL-KR14_330m: 

A connection from the earthing at 330 m in drillhole OL-KR14 was detected to the 
depth of 328 m in drillhole OL-KR15 (Figure 7-10). 
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Figure 7-10. Modelled connections from the earthing at the depth of 330 m in drillhole 
OL-KR14 (white lines). View to the E. 

 

Earthings OL-KR14_381m and OL-KR395m: 

The detected connections from the earthing at the depth of 381 m in drillhole OL-KR14 
to drillhole OL-KR15 coincide with the conductor modelled from the earthing at 490 m 
in drillhole OL-KR4 (Figure 7-11). 

Also the connections from the earthing at the depth of 395 m in drillhole OL-KR14 fit 
the same conductor modelled from the earthing at the depth of 490 m in drillhole OL-
KR4 (Figure 7-12). 

The connection points in drillhole OL-KR15 are a little higher than the intersection of 
the model from the OL-KR4_490m earthing but it must be noticed that the model can 
not be very exact in details due to long distances between the surveyed drillholes. It is 
also possible that the conductive zone includes several conductive fractures close to 
each other and possibly it has also some branches. 
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Figure 7-11. Modelled connections from the earthing at the depth of 381 m in drillhole 
OL-KR14 (white lines) and the conductor modelled from the earthing at the depth of 
490 m in drillhole OL-KR4 (brown). View to the E. 

 
 
Figure 7-12. Modelled connections from the earthing at the depth of 395 m in drillhole 
OL-KR14 (white lines) and the conductor modelled from the earthing at the depth of 
490 m in drillhole OL-KR4 (brown). View to the E. 
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Earthings OL-KR14_448m, OL-KR14_470m and OL-KR14_476m: 

These three conductors have connections between them causing difficulties to model 
them in details, especially when there is so little data available (only drillhole OL-KR15 
measured by these earthings). 

The connections from the earthing at 448 m are presented in Figure 7-13, the 
connections from the earthing at 470 m inFigure 7-14 and the connections from the 
earthing at 476 m in Figure 7-15. 

 
 
Figure 7-13. Modelled connections from the earthing at the depth of 448 m in drillhole 
OL-KR14 (white lines). View to the E. 
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Figure 7-14. Modelled connections from the earthing at the depth of 470 m in drillhole 
OL-KR14 (white lines). View to the E. 

 
 
Figure 7-15. Modelled connections from the earthing at the depth of 476 m in drillhole 
OL-KR14 (white lines). View to the E. 
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Figure 7-16 shows all three conductors together showing that there may be three parallel 
conductors with some galvanic connections between them. 

 
 
Figure 7-16. Modelled connections from the earthing at the depths of 448 m, 470 m and 
476 m in drillhole OL-KR14 (white lines). View to the E. 
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8 EARTHINGS IN OL-KR25 

Earthings OL-KR25_60m and OL-KR25_70m: 

The conductors modelled from these two earthings are gently dipping conductors very 
close to each other (Figure 8-1). They seem to have connection to the conductor 
modelled from the earthing at 58 m in drillhole OL-KR4 (Figure 8-2). 

 
 

Figure 8-1. Modelled conductors from the earthings at the depth of 60 m (yellow) and 
70 m (brown) in drillhole OL-KR25. View to the NE. 

 
Figure 8-2. Modelled conductors from earthings at the depth of 60 m (yellow) and 70 m 
(dark brown) in drillhole OL-KR25 and the conductor modelled from the earthing at 58 
m in drillhole OL-KR4 (light brown). View to the NE. 
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Earthing OL-KR25_122m: 

The conductor modelled from the earthing at the depth of 122 m in drillhole OL-KR25 
is a gently dipping conductor and have connections to the conductor modelled from the 
earthing at the depth of 80 m in drillhole OL-KR4 (Figures 8-3 and 8-4). 

 
 
Figure 8-3. Modelled conductor from the earthing at the depth of 122 m in drillhole 
OL-KR25 (brown). View from above. 

 
 
Figure 8-4. Modelled conductor from the earthing at the depth of 122 m in drillhole 
OL-KR25 (brown) and the conductor modelled from the earthing at the depth of 80 m in 
drillhole OL-KR4 (green). View to the NE. 
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In addition to the modelled gently dipping conductor the survey data includes 
information of two other conductors, both detected on the ground surface. The first one 
(Figure 8-5) is a S – N trending conductive zone close to the Storage hall fault (OL-
BFZ100) and the second one (Figure 8-6) is a W – E trending zone possibly due to the 
weathered rock unit detected in the tunnel. 

The W – E trending conductor can be also detected from the slingram (HLEM) data. 

 
 
Figure 8-5. Modelled location of a S – N trending conductive zone detected by the 
earthing at the depth of 122 m in drillhole OL-KR25 (violet circles) on the potential 
field map. 



167 

 
 
Figure 8-6. Modelled location of a W – E trending conductive zone detected by the 
earthing at the depth of 122 m in drillhole OL-KR25 (violet circles) on the potential 
field map. 

Earthing OL-KR25_383m: 

From the earthing at the depth of 383 m in drillhole OL-KR25 several conductors were 
modelled: 1. a gently dipping conductor (Figures 8-7 and 8-8) coinciding with the 
conductor modelled from the earthing at the depth of 368 m in drillhole OL-KR4, 2. a S 
– N trending conductor to the west of the Storage hall fault (Figure 8-9), 3. another S – 
N trending conductor to the east of the Storage hall fault (Figure 8-10) and 4. a weak W 
– E trending conductor possibly due to the weathered rock unit (Figure 8-11). 

The S – N trending conductors around the Storage hall fault may be branches of this 
fault as presented in Figure 8-12 or separate conductors parallel to it. 
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Figure 8-7. Modelled gently dipping conductor from the earthing at the depth of 383 m 
in drillhole OL-KR25 (brown). View from above. 

 
 
Figure 8-8. Modelled gently dipping conductor from the earthing at the depth of 383 m 
in drillhole OL-KR25 (brown) and the conductor modelled from the earthing at the 
depth of 368 m in drillhole OL-KR4 (yellow). View to the NE. 
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Figure 8-9. Modelled location of a S – N trending conductive zone detected by the 
earthing at the depth of 383 m in drillhole OL-KR25 (violet circles) on the potential 
field map. 

 
Figure 8-10. Modelled location of another S – N trending conductor detected by the 
earthing at the depth of 383 m in drillhole OL-KR25 (violet circles) on the potential 
field map. 
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Figure 8-11. Modelled location of a weak W – E trending conductor detected by the 
earthing at the depth of 383 m in drillhole OL-KR25 (violet circles) on the potential 
field map. 

 

 
 
Figure 8-12. Modelled S – N trending conductors from the earthing at the depth of 383 
m in drillhole OL-KR25 (light and dark brown) and brittle zone OL-BFZ100 (violet). 
View to the N. 



171 

Earthing OL-KR25_518m: 

Four different conductors were modelled of the data measured by the earthing at the 
depth of 518 m in drillhole OL-KR25. One modelled conductor is gently dipping and 
parallel to the conductor modelled from the earthing at 490 m in drillhole OL-KR4 
(Figures 8-13 and 8-14). Three other conductors were detected on the ground surface, 
two parallel to brittle zone OL-BFZ100 (Figures 8-15 and 8-16) and one weak in W – E 
direction to the north of ONKALO (Figure 8-17). 

 
 

Figure 8-13. Modelled gently dipping conductor from the earthing at the depth of 518 
m in drillhole OL-KR25 (brown). View from above. 

 
Figure 8-14. Modelled gently dipping conductor from the earthing at the depth of 518 
m in drillhole OL-KR25 (brown) and the conductor modelled from the earthing at the 
depth of 490 m in drillhole OL-KR4 (yellow). View to the NE. 
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Figure 8-15. Modelled location of a S – N trending conductive zone detected by the 
earthing at the depth of 518 m in drillhole OL-KR25 (violet circles) on the potential 
field map. 

 
Figure 8-16. Modelled location of another S – N trending conductor detected by the 
earthing at the depth of 518 m in drillhole OL-KR25 (violet circles) on the potential 
field map. 
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Figure 8-17. Modelled location of a weak W – E trending conductor detected by the 
earthing at the depth of 518 m in drillhole OL-KR25 (violet circles) on the potential 
field map. 
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9 EARTHINGS IN OL-KR27 

Earthing OL-KR27_96m: 

From this earthing one connection was detected between drillholes, from the earthing in 
OL-KR27 to the depth of 40 m in drillhole OL-KR23 (Figure 9-1). In addition to this 
gently dipping conductor two conductors were detected on the ground surface, one with 
connections to the Liikla shear zone (Figure 9-2) and one in S – N direction (Figure 9-
3). 

 
 
Figure 9-1. Modelled connection from the earthing at the depth of 96 m in drillhole OL-
KR27 (white line). View to the N. 
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Figure 9-2. Modelled location of a conductor detected by the earthing at the depth of 
96 m in drillhole OL-KR27 (violet circles) and the conductor connected to the Liikla 
shear zone modelled from the slingram data (black outline) on the potential field map. 

 
 
Figure 9-3. Modelled location of a conductive zone detected by the earthing at the 
depth of 96 m in drillhole OL-KR27 (violet circles) on the potential field map. The 
location of the current earthing is marked by orange circle. 
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Earthing OL-KR27_262m: 

The conductor modelled from the earthing at the depth of 262 m in drillhole OL-KR27 
is a gently dipping zone (Figures 9-4 and 9-5) and it coincides with some other gently 
dipping conductors, e.g. the modelled conductor from the earthing at 58 m in drillhole 
OL-KR4 (see Figure 3-3 above). 

 
 
Figure 9-4. Modelled gently dipping conductor from the earthing at the depth of 262 m 
in drillhole OL-KR27 (brown). View from above. 

 
 
Figure 9-5. Modelled gently dipping conductor from the earthing at the depth of 262 m 
in drillhole OL-KR27 (brown). View to the N. 
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Earthing OL-KR27 283m: 

The conductor modelled from the earthing at 283 mm in drillhole OL-KR27 is a gently 
dipping conductor (Figures 9-6 and 9-7). It has connections to some other conductors, 
e.g. to the conductor modelled from the earthing at 116 m in drillhole OL-KR4. 

 
 
Figure 9-6. Modelled gently dipping conductor from the earthing at the depth of 283 m 
in drillhole OL-KR27 (brown). View from above. 

 
 
Figure 9-7. Modelled gently dipping conductor from the earthing at the depth of 283 m 
in drillhole OL-KR27 (brown). View to the NE. 
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Earthing OL-KR27 296m: 

There are only weak connections detected to the other drillholes from this earthing 
(Figure 9-8) but good connections to two conductive zones on the ground surface. 

The conductive zone modelled on the ground surface in SW – NE direction (Figure 9-9) 
may be vertical as presented in Figure 9-10 but it was not possible to say anything sure 
about the dip of the W – E trending conductor with possible connections to the Liikla 
shear zone (Figure 9-11). 

 
 
Figure 9-8. Modelled connections from the earthing at the depth of 296 m in drillhole 
OL-KR27 (white lines). View to the N. 
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Figure 9-9. Modelled location of a conductive zone detected by the earthing at the 
depth of 296 m in drillhole OL-KR27 (thick black lines) on the potential field map. The 
location of the current earthing is marked by orange circle. 

 
 
Figure 9-10. Modelled conductor from the earthing at the depth of 296 m in drillhole 
OL-KR27 (brown). View to the N. 
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Figure 9-11. Modelled location of a conductive zone detected by the earthing at the 
depth of 296 m in drillhole OL-KR27 (thick black lines) and the conductor connected to 
the Liikla shear zone modelled from the slingram data (red outline) on the potential 
field map. 

Earthing OL-KR27 338m: 

From the data measured by the earthing at the depth of 338 m in drillhole OL-KR27 
four conductors was modelled, one gently dipping conductor and three conductive 
zones on the ground surface. 

Figures 9-12 and 9-13 show the location of the modelled gently dipping conductor. 
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Figure 9-12. Modelled gently dipping conductor from the earthing at the depth of 338 
m in drillhole OL-KR27 (brown). View from above. 

 
 
Figure 9-13. Modelled gently dipping conductor from the earthing at the depth of 338 
m in drillhole OL-KR27 (brown). View to the W. 

Figures 9-14 and 9-15 show the location of the conductive zone modelled in SW – NE 
direction. This zone may be vertical. 
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Figure 9-14. Modelled location of a conductive zone detected by the earthing at the 
depth of 338 m in drillhole OL-KR27 (thick black lines) on the potential field map. The 
location of the current earthing is marked by orange circle. 

 
 
Figure 9-15. Modelled conductor from the earthing at the depth of 338 m in drillhole 
OL-KR27 (brown). View to the N. 

Figure 9-16 shows the location of a conductive zone probably due to the Liikla shear 
zone. 
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Figure 9-16. Modelled location of a conductive zone detected by the earthing at the 
depth of 338 m in drillhole OL-KR27 (thick black lines) on the potential field map. The 
location of the current earthing is marked by orange circle. This conductive zone is 
probably part of the Liikla shear zone. 

Acording to the ground surface data there may also be a weak conductive zone to the 
NE of the earthing (Figure 9-17). 

 

Figure 9-17. Modelled location of a weak conductive zone detected by the earthing at 

the depth of 338 m in drillhole OL-KR27 (violet circles) on the potential field map. The 

location of the current earthing is marked by orange circle. 
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Earthing OL-KR27 392m: 

From the data measured by the earthing at the depth of 392 m in drillhole OL-KR27 
only one connection was detected between drilled holes (Figure 9-18). 

 

Figure 9-18. Modelled connection from the earthing at the depth of 392 m in drillhole 
OL-KR27 (white line). View to the N. 

 
According to the ground surface data there can be two conductive zones modelled, one 
SW – NE trending, possibly vertical zone (Figures 9-19 and 9-20) and a conductor 
following the Liikla shear zone (Figure 9-21). 
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Figure 9-19. Modelled location of a conductive zone detected by the earthing at the 
depth of 392 m in drillhole OL-KR27 (thick black lines) on the potential field map. The 
location of the current earthing is marked by orange circle 

 
 
Figure 9-20. Modelled conductor from the earthing at the depth of 392 m in drillhole 
OL-KR27 (brown). View to the NE. 
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Figure 9-21. Modelled location of a conductive zone detected by the earthing at the 
depth of 392 m in drillhole OL-KR27 (thick black lines) on the potential field map. The 
location of the current earthing is marked by orange circle. This conductive zone is 
probably part of the Liikla shear zone. 

Earthing OL-KR27 426m: 

Only some connections were detected from the earthing at 426 m in drillhole OL-KR27 
to drillhole OL-KR8 (Figure 9-22). 

 
Figure 9-22. Modelled connections from the earthing at the depth of 426 m in drillhole 
OL-KR27 (white line). View to the NE. 
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Earthing OL-KR27 431m: 

The modelling of the data from the earthing at the depth of 431 m in drillhole OL-KR27 
is very uncertain. There may be a gently dipping conductor (Figure 9-23) or the earthing 
is placed into an unknown vertical conductor without any measured connections. 

 
 
Figure 9-23. Modelled but very uncertain conductor from the earthing at the depth of 
431 m in drillhole OL-KR27 (brown). View to the N. 
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10 EARTHINGS IN OL-KR28 

Earthing OL-KR28 179m: 

From the data measured by this earthing several conductors were modelled. The gently 
dipping conductor presented in Figures 10-1 and 10-2 coincides mainly with the 
conductor modelled from the earthing at the depth of 116 m in drillhole OL-KR4 but it 
has clear connections to the conductors modelled both above and below it. 

 
 

Figure 10-1. Modelled gently dipping conductor from the earthing at the depth of 179 
m in drillhole OL-KR28 (brown). View from above. 

 

Figure 10-2. Modelled gently dipping conductor from the earthing at the depth of 179 
m in drillhole OL-KR28 (brown). View to the NE. 
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Although only a very limited area was measured on the ground surface by this earthing 
at 179 m in drillhole OL-KR28 and there was some noise caused by power lines and 
cable canals, five different conductors can be detected in the data. 

The modelled S – N trending conductor (Figure 10-3) may be a branch of brittle 
deformation zone OL-BFZ100 (Storage hall fault) as Figure 10-4 shows or it is parallel 
to that zone. 

 
 

Figure 10-3. Modelled location of the S – N trending conductor detected by the 
earthing at the depth of 179 m in drillhole OL-KR28 (violet circles) on the potential 
field map. 

 
Figure 10-4. Modelled S – N trending conductor from the earthing at the depth of 179 
m in drillhole OL-KR28 (brown) and brittle zone OL-BFZ100 (green). View to the N. 
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Also another conductor parallel to the Storage hall fault (OL-BFZ100) was detected 

(Figure 10-5) to the west of the fault. 

 

 
Figure 10-5. Modelled location of another S – N trending conductor detected by the 
earthing at the depth of 179 m in drillhole OL-KR28 (violet circles) on the potential 
field map. 

There may be a weak conductor in NW – SE direction in the surveyed area (Figure 10-
6) but this is quite uncertain due to very noisy data (cable canal near). 

 
Figure 10-6. Modelled location of an uncertain conductor detected by the earthing at 
the depth of 179 m in drillhole OL-KR28 (violet circles) on the potential field map. The 
conductor may be due to the cable canal nearby. 
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One S – N trending conductor was detected to the west of the main ONKALO area 
(Figure 10-7). This conductor fits very well the ground surface projection of a brittle 
zone detected at the chainage PL3333-3350 in the ONKALO tunnel. 

 
 

Figure 10-7. Potential field map and modelled location of a S – N trending conductor 
detected by the earthing at the depth of 179 m in drillhole OL-KR28 (violet circles) and 
the ground surface projection of a brittle zone detected at chainage PL3333-3350 in the 
tunnel (black lines). The location of the current earthing is marked by orange circle. 

An unknown SW – NE trending conductor was detected in the ground surface data to 
the SW of ONKALO (Figure 10-8). This conductor is quite weak and therefore 
uncertain. 
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Figure 10-8. Modelled location of another S – N trending conductor detected by the 
earthing at the depth of 179 m in drillhole OL-KR28 (violet circles) on the potential 
field map. 

Earthing OL-KR28 245m: 

From the data neasured by the earthing at the depth of 245 m in drillhole OL-KR28 a 
gently dipping conductor was modelled (Figures 10-9 and 10-10). This conductor fits 
the brittle zone modelled as ONK103 in the ONKALO area model (Kemppainen et al., 
2007). 

 

Figure 10-9. Modelled gently dipping conductor from the earthing at the depth of 245 
m in drillhole OL-KR28 (brown). View from above. 
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Figure 10-10. Modelled gently dipping conductor from the earthing at the depth of 245 
m in drillhole OL-KR28 (brown). View to the NE. 

Three S – N trending conductors were detected from the data measured by the earthing 
at 245 m in drillhole OL-KR28 (Figure 10-11). 

 
 

Figure 10-11. Potential field map and modelled location of  S – N trending conductors 
detected by the earthing at the depth of 245 m in drillhole OL-KR28 (violet circles). The 
location of brittle zone OL-BFZ100 is marked by brown line and the ground surface 
projection of a brittle zone detected at chainage PL3333-3350 in the tunnel by orange 
lines. The location of the current earthing is marked by orange circle. 

The easternmost conductor fits the brittle zone OL-BFZ100 (Storage hall fault) and the 
westernmost fits the ground surface projection of the brittle zone intersected by the 
tunnel at chainage PL3333-3350. The third conductor in the middle in Figure 10-11 is 
unknown. 
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In addition to the conductors discussed above there was also three SW – NE trending 
conductors detected from the surveyed area (Figure 10-12). 

 
 
Figure 10-12. Potential field map and modelled location of  SW – NE trending 
conductors detected by the earthing at the depth of 245 m in drillhole OL-KR28 (violet 
circles). The location of the current earthing is marked by orange circle. 

The conductors presented in Figure 10-12 are unknown but they may be due to the 
weathered rock unit detected in the tunnel or outcrops of some gently dipping 
conductors. 

Earthing OL-KR28 368m: 

A gently dipping conductor was modelled from the data measured by the earthing at the 
depth of 368 m in drillhole OL-KR28 (Figures 10-13 and 10-14). 

There is a small “wing” modelled to the conductor close to the shafts, because the 
behaviour of the potential field there is quite complicated (possible local vertical 
conductors in connection with the gently dipping zones). The same kind of phenomena 
can be observed in many MAM data in the same area. 
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Figure 10-13. Modelled gently dipping conductor from the earthing at the depth of 368 
m in drillhole OL-KR28 (brown). View from above. 

 
 
Figure 10-14. Modelled gently dipping conductor from the earthing at the depth of 368 
m in drillhole OL-KR28 (brown). View to the NE. 

From the ground surface data three S – N trending conductors can be detected (Figure 
10-15). The easternmost conductor is brittle zone OL-BFZ100, the westernmost the 
ground surface projection of brittle zone intersected by the tunnel but the conductor in 
the middle is unknown. 
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Figure 10-15. Potential field map and modelled location of  S – N trending conductors 
detected by the earthing at the depth of 368 m in drillhole OL-KR28 (violet circles). The 
location of brittle zone OL-BFZ100 is marked by brown line and the ground surface 
projection of a brittle zone detected at chainage PL3333-3350 in the tunnel by orange 
lines. The location of the current earthing is marked by orange circle. 

Also two conductors in SW – NE direction can be detected from the ground surface data 
(Figure 10-16). 

 

Figure 10-16. Potential field map and modelled location of  SW – NE trending 
conductors detected by the earthing at the depth of 368 m in drillhole OL-KR28 (violet 
circles). The location of the current earthing is marked by orange circle. 

Earthing OL-KR28_442m: 

The gently dipping conductor modelled from the data measured by the earthing at the 
depth of 442 m in drillhole OL-KR28 (Figures 10-17 and 10-18) coincides e.g. with the 
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conductor modelled from the earthing at the depth of 368 m in drillhole OL-KR4 and so 
also mainly with brittle zone OL-BFZ080 and the hydraulically conductive zone 
HZ20B. 

 
 
Figure 10-17. Modelled gently dipping conductor from the earthing at the depth of 442 
m in drillhole OL-KR28 (brown). View from above. 

 
 
Figure 10-18. Modelled gently dipping conductor from the earthing at the depth of 442 
m in drillhole OL-KR28 (brown) and the conductor modelled from the earthing at the 
depth of 368 m in drillhole OL-KR4 (yellow). View to the NE. 
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From the ground surface data measured by this earthing two S – N trending conductors 
were detected, one conductor fitting brittle zone OL-BFZ100 (Figure 10-19) and one 
unknown conductor to the west of it (Figure 10-20). 

 
 
Figure 10-19. Potential field map and modelled location of  S – N trending conductor 
detected by the earthing at the depth of 368 m in drillhole OL-KR28 (violet circles). The 
location of brittle zone OL-BFZ100 is marked by brown line. The location of the current 
earthing is marked by orange circle. 

 
 
Figure 10-20. Potential field map and modelled location of an unknown S – N trending 
conductor detected by the earthing at the depth of 368 m in drillhole OL-KR28 (violet 
circles). The location of the current earthing is marked by orange circle. 
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11 EARTHINGS IN OL-KR29 

Earthing OL-KR29_130m: 

A gently dipping conductor was modelled from the data measured by the earthing at 
130 m in drillhole OL-KR29 (Figures 11-1 and 11-2). This conductor fits e.g. the 
conductor modelled from the earthing at 245 m in drillhole OL-KR28 and coincides so 
with brittle zone modelled as ONK103 in the ONKALO area model (Kemppainen et al., 
2007). 

 
 

Figure 11-1. Modelled gently dipping conductor from the earthing at the depth of 130 
m in drillhole OL-KR29 (brown). View from above. 
 

 
Figure 11-2. Modelled gently dipping conductor from the earthing at the depth of 130 
m in drillhole OL-KR29 (brown) and the conductor modelled from the earthing at the 
depth of 245 m in drillhole OL-KR28 (green). View to the NE. 
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In the data measured on the ground surface by this earthing two conductors were 
detected, one coinciding partly with brittle zone OL-BFZ100 (Figure 11-3) and another 
with possible connections to the weathered rock unit detected in the tunnel (Figure 11-
4). 

 
 

Figure 11-3. Potential field map and modelled location of  S – N trending conductor 
detected by the earthing at the depth of 130 m in drillhole OL-KR29 (violet circles). The 
location of brittle zone OL-BFZ100 is marked by brown line. The location of the current 
earthing is marked by orange circle. 

 
Figure 11-4. Potential field map and modelled location of  SW – NE trending conductor 
detected by the earthing at the depth of 130 m in drillhole OL-KR29 (violet circles). The 
location of the current earthing is marked by orange circle. 
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Earthing OL-KR29 213m: 

The gently dipping conductor modelled from the earthing at the depth of 213 m in 
drillhole OL-KR29 (Figures 11-5 and 11-6) is unknown. 

 
 
Figure 11-5. Modelled gently dipping conductor from the earthing at the depth of 213 
m in drillhole OL-KR29 (brown). View from above. 

 
 
Figure 11-6. Modelled gently dipping conductor from the earthing at the depth of 213 
m in drillhole OL-KR29 (brown). View to the NE. 
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In the ground surface data weak indications of brittle zone OL-BFZ100 can be detected 
(Figure 11-7). 

 
 

Figure 11-7. Potential field map and weak indications of  a S – N trending conductor 
detected by the earthing at the depth of 213 m in drillhole OL-KR29 (violet circles). The 
location of brittle zone OL-BFZ100 is marked by brown line. The location of the current 
earthing is marked by orange circle. 

Also two SW – NE trending conductors can be modelled from the ground surface data 
(Figure 11-8). 

 

Figure 11-8. Potential field map and two SW – NE trending conductors detected by the 
earthing at the depth of 213 m in drillhole OL-KR29 (violet circles). The location of the 
current earthing is marked by orange circle. 
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Earthing OL-KR29 335m: 

The gently dipping conductor modelled from the data measured by the earthing at the 
depth of 335 m in drillhole OL-KR29 coincides with the conductor modelled from the 
earthing at the depth of 368 m in drillhole OL-KR4 (Figures 11-9 and 11-10). This 
means that the modelled conductor fits mainly brittle zone OL-BFZ080 and the 
hydraulically conductive zone HZ20B. 

 
 

Figure 11-9. Modelled gently dipping conductor from the earthing at the depth of 335 
m in drillhole OL-KR29 (brown). View from above. 

 
Figure 11-10. Modelled gently dipping conductor from the earthing at the depth of 335 
m in drillhole OL-KR29 (brown) and the conductor modelled from the earthing at the 
depth of 368 m in drillhole OL-KR4 (yellow). View to the NE. 
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Several conductors were modelled also from the ground surface data measured by the 
erathing at 335 m in drillhole OL-KR29. Figure 11-11 shows a detected S – N trending 
conductor coinciding with brittle deformation zone OL-BFZ100 (Storage hall fault) 
very well. 

 
 
Figure 11-11. Potential field map and the modelled  S – N trending conductor from the 
earthing at the depth of 335 m in drillhole OL-KR29 (violet circles). The location of 
brittle zone OL-BFZ100 is marked by green line. The location of the current earthing is 
marked by orange circle. 

Three other S – N trending conductors can be detected following brittle zone OL-
BFZ100 a little to the west of it (Figure 11-12). These conductors may be branches of 
the fault zone or indicating another zone parallel to the known fault. 

To the west of the ground surface projection of the brittle zone detected in the tunnel at 
chainage PL3333-3350 two conductors were detected in S – N direction (Figure 11-13). 
It is possible that these conductors are due to the outcrop of the brittle zone. 

An almost S – N trending conducive zone can be detected also in the western part of the 
ground surface area (Figure 11-14). This is an unknown zone but according to some 
discontinuities visible in the magnetic map at the same place it may be a deformation 
zone. 

In the northern part of the ONKALO area a W – E trending conductor was detected 
(Figure 11-15). This conductor may be due to the weathered rock unit detected in the 
tunnel or it is an outcrop of one gently dipping conductor. 

In the middle of the surveyed area there is a weak conductive zone detected in SW – NE 
direction (Figure 11-16). This conductor is unknown but it may be due to D3 
deformation or it is an outcrop of one gently dipping zone. 
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Close to the northern border of the surveyed area there was a conductor detected in W – 
E direction. This conductor was modelled as the outcrop of the gently dipping 
conductive zone (Figure 11-17). 

 
 

Figure 11-12. Potential field map and the three modelled S – N trending conductors 
from the earthing at the depth of 335 m in drillhole OL-KR29 (violet circles) to the west 
of brittle zone OL-BFZ100 (green line). The location of the current earthing is marked 
by orange circle. 
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Figure 11-13. Potential field map and the two modelled S – N trending conductors from 
the earthing at the depth of 335 m in drillhole OL-KR29 (violet circles) to the west of 
the brittle zone detected in the tunnel at cahinage PL3333-3350 (black lines). The 
location of the current earthing is marked by orange circle. 

 

 
 

Figure 11-14. Potential field map and the a S – N trending conductor modelled from 
the earthing at the depth of 335 m in drillhole OL-KR29 (violet circles inside violet 
outlines) in the western part of the surveyed area. The location of the current earthing 
is marked by orange circle. 
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Figure 11-15. Potential field map and a W – E trending conductor modelled from the 
earthing at the depth of 335 m in drillhole OL-KR29 (violet circles) in the northern part 
of the ONKALO area. The location of the current earthing is marked by orange circle. 

 
 
Figure 11-16. Potential field map and an unknown SW – NE trending conductor 
modelled from the earthing at the depth of 335 m in drillhole OL-KR29 (violet circles). 
The location of the current earthing is marked by orange circle. 
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Figure 11-17. Potential field map and conductor modelled as the outcrop of the gently 
dipping conductor presented in Figures 11-9 and 11-10 (violet circles, blue outlines). 
The location of the current earthing at the depth of 335 m in drillhole OL-KR29 is 
marked by orange circle. 

 

Earthing KR29 762m: 

Three different gently dipping conductors were modelled from the data measured by the 
earthing at the depth of 762 m in drillhole OL-KR29 (Figures11-18 and 11-19). 
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Figure 11-18. Three gently dipping conductors modelled from the earthing at the depth 
of 762 m in drillhole OL-KR29 (green, brown and blue). View from above. 

 
 
Figure 11-19. Three gently dipping conductors modelled from the earthing at the depth 
of 762 m in drillhole OL-KR29 (green, brown and blue). View to the NE. 

The lowest one of these conductors is parallel to brittle zone OL-BFF099 or even a part 
of it and also the most reliable model for this conductor. The two other conductors do 
not necessarily belong to the same conductive zone but are parallel to it. The situation is 
closer discussed in chapter 5 in the report and the Figures 5-14 – 5-16 in the report show 
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the possible correct modelling of these conductors and one possibility of the reason why 
they are in galvanic connection to each other. 

From the ground surface data measured by this earthing brittle zone OL-BFZ100 
(Figure 11-20) and also a weaker conductor close to it (Figure 11-21) were detected. 

 
 
Figure 11-20. Potential field map and a S – N trending conductor modelled from the 
earthing at the depth of 335 m in drillhole OL-KR29 (violet circles) and brittle zone OL-
BFZ100 (green line). The location of the current earthing is marked by orange circle. 
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Figure 11-21. Potential field map and another S – N trending conductor modelled from 
the earthing at the depth of 335 m in drillhole OL-KR29 (violet circles) and brittle zone 
OL-BFZ100 (green line). The location of the current earthing is marked by orange 
circle. 

Some indications of an existing conductive zone were also detected close to the western 
border of the surveyed area (Figure 11-22). The indications are probably due to a brittle 
zone detected in the tunnel at chainage PL3333-3350. 
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Figure 11-22. Potential field map and the indications of a S – N trending conductor 

from the earthing at the depth of 335 m in drillhole OL-KR29 (violet circles) to the west 

of the brittle zone detected in the tunnel at chainage PL3333-3350 (black lines). 
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12 EARTHINGS IN OL-KR30 

The MAM surveys carried out by the earthings if drillhole OL-KR30 are discussed 
closer in the report by Kristiansson et al. (2009). 

Earthing OL-KR30 46m: 

The conductor modelled from the earthing at the depth of 46 m is presented in Figures 
12-1 and 12-2. This conductor belongs to a thick conductive zone including the 
hydraulically conductive zone HZ19A and HZ19C. 

 
 
Figure 12-1. Modelled gently dipping conductor from the earthing at the depth of 46 m 
in drillhole OL-KR30 (brown). View from above. 
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Figure 12-2. Modelled gently dipping conductor from the earthing at the depth of 46 m 
in drillhole OL-KR30 (brown). View to the NE. 

Earthing KR30 53m: 

This conductor modelled from the earthing at the depth of 53 m in drillhole OL-KR30 
(Figures 12-3 and 12-4) belongs also to the zone including the hydraulically conductive 
zone HZ19A and HZ19B. 

 
 
Figure 12-3. Modelled gently dipping conductor from the earthing at the depth of 53 m 
in drillhole OL-KR30 (brown). View from above. 
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Figure 12-4. Modelled gently dipping conductor from the earthing at the depth of 53 m 
in drillhole OL-KR30 (brown). View to the NE. 

Earthing OL-KR30 55m: 

In practice this conductor is the same as modelled from the data measured by the 
earthing at the depth of 53 m in drillhole OL-KR30 (Figure 12-5). 

 
 
Figure 12-5. Modelled connections from the earthing at the depth of 55 m in drillhole 
OL-KR30 (white lines) and the conductor modelled from the earthing at 53 m in 
drillhole OL-KR30 (brown). View to the W. 
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Earthing OL-KR30 82.9m: 

The conductor modelled from the earthing at the depth of 82.9 m in drillhole OL-KR30 
is presented in Figures 12-6 and 12-7. 

 
 
Figure 12-6. Modelled gently dipping conductor from the earthing at the depth of 82.9 
m in drillhole OL-KR30 (brown). View from above. 

 
 
Figure 12-7. Modelled gently dipping conductor from the earthing at the depth of 82.9 
m in drillhole OL-KR30 (brown) and the connections detected from the earthing at 50 m 
in drillhole OL-KR14 (white lines). View to the NE. 
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This conductor fits the conductor detected from the depth of 50 m in drillhole OL-KR14 
as Figure 12-7 shows and it is probably the continuation of the conductor modelled 
from the earthing at 116 m in drillhole OL-KR4. 

No certain location for the outcrop of this conductor were detected because the upper 
part of the bedrock is probably so broken that connections can be detected in a very 
wide area. Possibly the outcrop is close to drillhole OL-KR2. 
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13 EARTHINGS IN OL-KR33 

Earthing OL-KR33 98m: 

The earthing at the depth of 98 m in drillhole OL-KR33 showed connections to a gently 
dipping conductor detected earlier by the earthing at the depth of 490 m in drillhole OL-
KR4 (Figure 13-1). 

 
 
Figure 13-1. Modelled connections from the earthing at the depth of 98 m in drillhole 
OL-KR33 (white lines) and the conductor modelled from the earthing at 490 m in 
drillhole OL-KR4 (brown). View to the NE. 

On the ground surface two conductors were detected, one in W – E direction (Figure 13-
2) and one in SW – NE direction (Figure 13-3). 
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Figure 13-2. Potential field map and a S – N trending conductor modelled from the 
earthing at the depth of 98 m in drillhole OL-KR33 (violet circles). The location of the 
current earthing is marked by orange circle. 

 
 
Figure 13-3. Potential field map and a SW – NE trending conductor modelled from the 
earthing at the depth of 98 m in drillhole OL-KR33 (violet circles). The location of the 
current earthing is marked by orange circle. 
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Earthing OL-KR33 117m: 

The modelling of the data from the earthing at 117 m in drillhole OL-KR33 (Figures 13-
4 – 13-6) shows the same conductors than the earthing at 98 m in the same drillhole. 

According to these results the conductive zone is quite thick including several parallel 
conductors. 

 
 
Figure 13-4. Modelled connections from the earthing at the depth of 117 m in drillhole 
OL-KR33 (white lines) and the conductor modelled from the earthing at 490 m in 
drillhole OL-KR4 (brown). View to the NE. 
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Figure 13-5. Potential field map and a S – N trending conductor modelled from the 
earthing at the depth of 117 m in drillhole OL-KR33 (violet circles). The location of the 
current earthing is marked by orange circle. 

 
 

Figure 13-6. Potential field map and a SW – NE trending conductor modelled from the 
earthing at the depth of 117 m in drillhole OL-KR33 (violet circles). The location of the 
current earthing is marked by orange circle. 
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Earthing OL-KR33 151m: 

The conductor modelled from the data measured by the earthing at the depth of 151 m 
in drillhole OL-KR33 is a gently dipping conductor parallel to the conductor modelled 
from the earthing at the depth of 490 m in drillhole OL-KR4 (Figure 13-7). 

There are also galvanic connections detected between this conductor and the conductive 
zone above. The red lines in Figure 13-7 show the most probable connections for the 
modelled gently dipping conductor and the white lines the galvanic connections to the 
conductive zone above it. 

On the ground surface the data from this earthing shows conductors in the same 
direction than the earthings above it in the same drillhole but the locations of the 
conductors are not exactly the same (Figures 13-8 and 13-9). The conductors are a little 
more to the north and west of the conductors presented above. 

 
 
Figure 13-7. Modelled connections from the earthing at the depth of 151 m in drillhole 
OL-KR33 (red and white lines) and the conductor modelled from the earthing at 490 m 
in drillhole OL-KR4 (brown). View to the NE. 
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Figure 13-8. Potential field map and a S – N trending conductor modelled from the 
earthing at the depth of 151 m in drillhole OL-KR33 (violet circles). The location of the 
current earthing is marked by orange circle. 

 

Figure 13-9. Potential field map and a SW – NE trending conductor modelled from the 
earthing at the depth of 151 m in drillhole OL-KR33 (violet circles). The location of the 
current earthing is marked by orange circle. 
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Earthing OL-KR33 275m: 

The connections detected from the earthing at the depth of 275 m in drillhole OL-KR33 
coincide with the conductor modelled from the earthing at the depth of 759 m in 
drillhole OL-KR4 (the upper model) and is a part of brittle zone OL-BFZ099. 

Figure 13-10 shows the connections from this earthing together with the conductor 
modelled from the earthing at 759 m in drillhole OL-KR4. 

There was also a W – E trending conductor detected from the ground surface data 
(Figure 13-11). This conductor can be detected also from the slingram EM data (Figure 
13-12). 

 

 
 
Figure 13-10. Modelled connections from the earthing at the depth of 275 m in drillhole 
OL-KR33 (white lines) and the upper conductor  modelled from the earthing at 759 m in 
drillhole OL-KR4 (brown). View to the NE. 
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Figure 13-11. Potential field map and a S – N trending conductor modelled from the 
earthing at the depth of 275 m in drillhole OL-KR33 (violet circles). The location of the 
current earthing is marked by orange circle. 

 

Figure 13-12. Slingram (HLEM, 1700 Hz) quadrature component map and a S – N 
trending conductor modelled from the earthing at the depth of 275 m in drillhole OL-
KR33 (violet circles). The location of the current earthing is marked by orange circle. 
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14 EARTHINGS IN OL-KR37 

Earthing OL-KR37 323m: 

There is a small local conductor modelled from the data measured by the earthing at the 
depth of 323 m in drillhole OL-KR37 (Figures 14-1 and 14-2). 

This conductor may be due to sulphides or it is a nearly vertical conductive fractured 
zone, but because of very limited amount of measured data it is not possible to find out 
the dimensions of this conductor. 

 
 

Figure 14-1. Modelled gently dipping conductor from the earthing at the depth of 323 
m in drillhole OL-KR37 (brown). View from above. 

 
Figure 14-2. Modelled gently dipping conductor from the earthing at the depth of 323 
m in drillhole OL-KR37 (brown). View to the E. 
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15 EARTHINGS IN OL-KR40 

Earthing OL-KR40 386m: 

The conductor modelled from the earthing at the depth of 386 m in drillhole OL-KR40 
is a gently to the SE dipping zone and the eastern continuation of the conductive zone 
modelled fro instance from the earthing at the depth of 116 m in drillhole OL-KR4 
(Figures 15-1 and 15-2). 

 
 

Figure 15-1. Modelled gently dipping conductor from the earthing at the depth of 386 
m in drillhole OL-KR40 (brown). View from above. 

 
Figure 15-2. Modelled gently dipping conductor from the earthing at the depth of 386 
m in drillhole OL-KR40 (brown) and the conductor modelled from the earthing at the 
depth of 116 m in drillhole OL-KR4 (yellow). View to the N. 
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From the ground surface survey data a W – E trending conductor can be detected and it 
is probably part of the Liikla shear zone fitting the conductor modelled from the 
slingram (HLEM) data (Figure 15-3). 

 
 

Figure 15-3. Potential field map and a W – E trending conductor modelled from the 
earthing at the depth of 386 m in drillhole OL-KR40 (violet circles). The location of the 
current earthing is marked by orange circle. The conductor modelled from the slingram 
data is marked by black outlines. 

Also weak indications of a S – N trending conductor can be seen in the data in the same 
place with the discontinuity of the slingram conductor, but the surveyed area (only three 
profiles) is too small for reliable modelling. 

Earthing OL-KR40 401m: 

The conductor modelled from the data measured by the earthing at the depth of 401 m 
in drillhole OL-KR40 is a gently dipping zone (Figures 15-4 and 15-5) parallel to the 
conductor modelled from the earthing at 386 m in the same drillhole (presented above). 

The data measured on the ground surface by this earthing shows also indications of a W 
– E trending conductor, probably due to the Liikla shear zone (Figure 15-6). 
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Figure 15-4. Modelled gently dipping conductor from the earthing at the depth of 401 
m in drillhole OL-KR40 (brown). View from above. 

 
 
Figure 15-5. Modelled gently dipping conductor from the earthing at the depth of 401 
m in drillhole OL-KR40 (brown). View to the N. 
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Figure 15-6. Potential field map and a W – E trending conductor modelled from the 
earthing at the depth of 401 m in drillhole OL-KR40 (violet circles). The location of the 
current earthing is marked by orange circle. The conductor modelled from the slingram 
data is marked by black outlines. 

Earthing OL-KR40 716m: 

The gently to the SE dipping conductor modelled from the earthing at the depth of 716 
m in drillhole OL-KR40 is parallel to (or a branch of) the conductive zone modelled for 
instance from the earthing at the depth of 490 m in drillhole OL-KR4. 

The modelled conductor is presented in Figures 15-7 and 15-8. 

From the ground survey data measured by this earthing a weak conductor was detected 
in W – E direction (Figure 15-9). This conductor is possibly due to the Liikla shear 
zone. Because only three profiles were measured by this earthing, the modelling can not 
be very reliable. 
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Figure 15-7. Modelled gently dipping conductor from the earthing at the depth of 716 
m in drillhole OL-KR40 (brown). View from above. 

 

 
 
Figure 15-8. Modelled gently dipping conductor from the earthing at the depth of 716 
m in drillhole OL-KR40 (brown). View to the NE. 
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Figure 15-9. Potential field map and a W – E trending conductor modelled from the 
earthing at the depth of 716 m in drillhole OL-KR40 (violet circles). The location of the 
current earthing is marked by orange circle. The conductor modelled from the slingram 
data is marked by black outlines. 

Earthing OL-KR40 791m: 

The potential field anomalies in different drillholes observed in the data measured by 
the earthing at the depth of 791 m in drillhole OL-KR40 are very weak (poor and/or 
small conductor) and therefore the modelling from this data is very uncertain. 

In spite of weak anomalies, the modelling shows that there may be a gently dipping 
conductor (Figures 15-10 and 15-11) parallel to the conductor modelled from the 
earthing at the depth of 716 m in drillhole OL-KR40 (presented above). 

From the ground surface data measured by the earthing at 791 m in drillhole OL-KR40 
a weak conductor can be detected in W – E direction (Figure 15-12). This conductor 
may be due to the Liikla shear zone. 
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Figure 15-10. Modelled gently dipping conductor from the earthing at the depth of 791 
m in drillhole OL-KR40 (brown). View from above. 

 
 
Figure 15-11. Modelled gently dipping conductor from the earthing at the depth of 791 
m in drillhole OL-KR40 (brown). View to the NE. 
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Figure 15-12. Potential field map and a W – E trending conductor modelled from the 
earthing at the depth of 791 m in drillhole OL-KR40 (violet circles). The location of the 
current earthing is marked by orange circle. The conductor modelled from the slingram 
data is marked by black outlines. 

Earthing OL-KR40 968m: 

The conductor modelled from the data measured by the earthing at the depth of 968 m 
in drillhole OL-KR40 is the eastern continuation of the conductive zone modelled also 
from the earthings at the depth of 759 m in drillhole OL-KR4, at the depth of 625 m in 
drillhole OL-KR11 and at the depth of 275 m in drillhole OL-KR33. 

In the western and north-western part of the site are this zone is divided into two 
conductor, as discussed above in chapter 3 (Earthing OL-KR4_759m). The lower 
conductor coincides with hydraulically conductive zone HZ21 and with brittle zone OL-
BFZ002 and the upper conductor coincides with brittle zone OL-BFZ099. 

This conductor from the earthing at 968 m in drillhole OL-KR40 fits both conductors 
showing that in the east those two conductors are joining together (Figures 15-13 and 
15-14). 

From the ground surface data a weak W – E trending conductor was detected (Figure 
15-15) but due to a vey limited survey area the modelling is not very reliable. 
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Figure 15-13. Modelled gently dipping conductor from the earthing at the depth of 968 
m in drillhole OL-KR40 (brown). View from above. 

 
 
Figure 15-14. Modelled gently dipping conductor from the earthing at the depth of 968 
m in drillhole OL-KR40 (brown) and the two conductors modelled from the earthing at 
the depth of 759 m in drillhole OL-KR4 (violet). View to the NE. 
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Figure 15-15. Potential field map and a W – E trending conductor modelled from the 
earthing at the depth of 968 m in drillhole OL-KR40 (violet circles). The location of the 
current earthing is marked by orange circle. The conductor modelled from the slingram 
data is marked by black outlines. 
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16 EARTHINGS IN STORAGE HALL FAULT 

The continuation of the Storage hall fault (OL-BFZ100) has been surveyed by mise-à-
la-masse method by three different earthings: earthing at the outcrop, earthing at 
chainage PL899 in the tunnel and earthing at chainage PL1595 in the tunnel. The 
measurements were carried on the ground surface, in drillholes and also in the tunnel. 

Earthing at the Storage hall fault outcrop: 

On the ground surface the continuation of the fault was detected in S – N direction as 
Figure 16-1 shows. 

 
 
Figure 16-1. Potential field map and a S – N trending conductor modelled from the 
earthing at the outcrop of the Storage hall fault (violet circles). The location of the 
current earthing is marked by orange circle and the modelled ground surface projection 
of the fault by dark green line. 

The continuation of the zone was detected also in the surveyed drillholes and in the 
tunnel and the conductor modelled using all the detected connections is presented in 
Figures 16-2 and 16-3. 

In Figure 16-3 also the model of the Storage hall fault is presented showing that the fit 
between the modelled conductor and the fault is good. 
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Figure 16-2. Modelled conductor from the earthing at the outcrop of the Storage hall 
fault (brown). View from above. 

 
 
Figure 16-3. Modelled conductor from the earthing at the outcrop of the Storage hall 
fault (brown) and the Storage hall fault (greenish). View to the N. 

The ground surface data measured by the earthing at the outcrop of the Storage hall 
fault indicates also the existence of a W – E trending conductor but this anomaly may 
be due to cultural noise alone and no model was created of this conductor. 
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Earthing PL899: 

The modelling of the data measured by the earthing in the Storage hall fault intersected 
by the tunnel at chainage PL899 showed that the fault continues to drillhole OL-KR42 
about 500 m to the north of the outcrop. The conductive zone modelled from the data is 
presented in Figures 16-4 and 16-5. 

 
 
Figure 16-4. Modelled conductor from the earthing in the Storage hall fault at 
chainage PL899 in ONKALO tunnel (brown). View from above. 

 
 
Figure 16-5. Modelled conductor from the earthing in the Storage hall fault at 
chainage PL899 in ONKALO tunnel (brown). View to the N. 
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On the ground surface only some connections were detected (Figure 16-6) but the 
surveyed area was very small and limited especially to the north of the earthing station. 

 
. 
Figure 16-6. Potential field map and a S – N trending conductor modelled from the 
earthing at chainage PL899 (violet circles). The location of the current earthing is 
marked by orange circle and the modelled ground surface projection of the Storage hall 
fault by dark green line. 

Two other conductors were also detected in the ground surface data, one S – N trending 
conductor to the west of the Storage hall fault (Figure 16-7) and another weaker to the 
east of the fault (Figure 16-8). 
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Figure 16-7. Potential field map and a S – N trending conductor to the west of the 
Storage hall fault modelled from the earthing at chainage PL899 (violet circles). The 
location of the current earthing is marked by orange circle and the modelled ground 
surface projection of the Storage hall fault by dark green line. 

 
 

Figure 16-8. Potential field map and a weak S – N trending conductor to the east of the 
Storage hall fault modelled from the earthing at chainage PL899 (violet circles). The 
location of the current earthing is marked by orange circle and the modelled ground 
surface projection of the Storage hall fault by dark green line. 
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Earthing PL1595: 

The continuation of the Storage hall fault from the ONKALO tunnel to drillhole OL-
KR42 was detected also when the earthing was placed in the fault intersection at 
chainage PL1595. Also weak continuation on the ground surface near drillhole OL-
KR42 was observed. 

Figure 16-9 shows the ground surface projection of the modelled conductor and Figure 
16-10 the modelled conductor together with the model of the fault. 

On the ground surface, near drillhole OL-KR42, there were indications detected also of 
conductors with possible connections to the Storage hall fault (parallel to the fault or 
branches of it) as Figure 16-11 shows. 

In addition to the conductors discussed above data three SW – NE trending conductors 
were detected to the east of ONKALO (Figures 16-12, 16-13 and 13-14). These 
conductors were also detected by some other earthings as discussed already above and 
they may be due to vertical conductive zones (fractures zones) or some other 
deformation zones. 

 

 
 
Figure 16-9. Modelled conductor from the earthing in the Storage hall fault at 
chainage PL1595 in ONKALO tunnel (brown). View from above. 
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Figure 16-10. Modelled conductor from the earthing in the Storage hall fault at 
chainage PL1595 in ONKALO tunnel (brown). View to the N. 

 
 
Figure 16-11. Potential field map and a SSW – NNE trending conductor modelled from 
the earthing at chainage PL1595 (violet circles) and possibly connected with the 
Storage hall fault (dark green line). The location of the current earthing is marked by 
orange circle. 
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Figure 16-12. Potential field map and a SW – NE trending conductor to the east of 
ONKALO modelled from the earthing at chainage PL1595 (violet circles). The location 
of the current earthing is marked by orange circle and the modelled ground surface 
projection of the Storage hall fault by dark green line. 

 
 

Figure 16-13. Potential field map and second SW – NE trending conductor to the east 
of ONKALO modelled from the earthing at chainage PL1595 (violet circles). The 
location of the current earthing is marked by orange circle and the modelled ground 
surface projection of the Storage hall fault by dark green line. 
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Figure 16-14. Potential field map and third SW – NE trending conductor to the east of 
ONKALO modelled from the earthing at chainage PL1595 (violet circles). The location 
of the current earthing is marked by orange circle and the modelled ground surface 
projection of the Storage hall fault by dark green line. 
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17 EARTHINGS IN INVESTIGATION TRENCH TK13 

After the investigation trench TK13 was done two earthings were placed firmly in 
fractured zones to be used also when the trench will be covered by soil again. 

The area surveyed on the ground surface by these two earthings was quite limited and 
for better modelling a larger area should be measured. 

Earthing TK13-1: 

The conductor modelled from the data measured by the earthing 1 in investigation 
trench TK13 is almost in S – N direction on the ground surface (Figure 17-1) but it 
continues to the NE to drillhole OL-KR44. In drillhole OL-KR27 it can be detected at 
two places indicating either a thick fractures zone or a net of parallel conductors 
(Figures 17-2 and 17-3). 

 
 
Figure 17-1. Potential field map and S – N trending conductor modelled from the 
earthing 1 in investigation trench TK13 (violet circles). The location of the current 
earthing is marked by orange circle. 

The S – N trending conductor is a part of the large conductive zone detected in the area, 
fro instance by the earthing at the depth of 338 m in drillhole OL-KR27 (Figure 17-4). 

In the ground surface data there was also a W – E trending conductor detected. This 
conductor is following the Liikla shear zone conductors modelled from the slingram 
data (Figure 17-5). In drillhole OL-KR45 this conductor was detected in three different 
places (Figure 17-6) and due to quite weak anomalies it is not possible to say which one 
of these connections is the same fractured zone as where the earthing was placed. 
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Figure 17-2. Modelled conductor from the earthing 1 in investigation trench TK13 
(brown). View from above. 

 
 
Figure 17-3. Modelled conductor from the earthing 1 in investigation trench TK13 
(brown). View to the NE. 
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Figure 17-4. Modelled conductor from the earthing 1 in investigation trench TK13 
(brown) and the conductor modelled from the earthing at the depth of 338 m in drillhole 
OL-KR27 (greenish). View to the NE. 

 
 
Figure 17-5. Potential field map and W – E trending conductor modelled from the 
earthing 1 in investigation trench TK13 (violet circles). The location of the current 
earthing is marked by orange circle and the conductors modelled from the slingram 
data by brown outlines. 
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Figure 17-6. Modelled W-E trending conductor from the earthing 1 in investigation 
trench TK13 (brown). View to the ENE. 

Earthing TK13-2: 

The earthing TK13-2 in investigation trench was placed close to the earthing TK13-1 
and the results from both earthings show almost the same features. 

From earthing TK13-2 a S – N trending conductor, parallel to the conductor modelled 
from the earthing TK13-1, was detected (Figure 17-7) coinciding with the same large 
conductive zone as the model from the earthing TK13-1 presented in Figure 17-4. 

On the ground surface also a conductor was detected in W – E direction following the 
Liikla shear zone conductors (Figure 17-8). 

In drillhole OL-KR45 three different locations for the conductor were detected and due 
to quite weak anomalies it is not possible to say which one is the correct continuation of 
the conductor from the earthing. 
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Figure 17-7. Potential field map and S – N trending conductor modelled from the 
earthing 2 in investigation trench TK13 (violet circles). The location of the current 
earthing is marked by orange circle. 

 
 

Figure 17-8. Potential field map and W – E trending conductor modelled from the 
earthing 2 in investigation trench TK13 (violet circles). The location of the current 
earthing is marked by orange circle and the conductors modelled from the slingram 
data by brown outlines. 
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18 EARTHINGS IN INVESTIGATION TRENCH TK14 

Earthing TK14: 

From the data measured by the earthing in investigation trench TK14 two conductors 
were modelled: one in S – N direction and another in W – E direction. Because only 
few profiles were measured the modelling can not be very reliable. 

Figure 18-1 shows the modelled S – N trending conductor. This conductor may be a 
fault or fractured zone cutting the W – E trending conductors modelled from the 
slingram data. 

 
 
Figure 18-1. Potential field map and S – N trending conductor modelled from the 
earthing in investigation trench TK14 (violet circles). The location of the current 
earthing is marked by orange circle and the conductors modelled from the slingram 
data by brown outlines. 

The W – E trending conductor is probably the same as modelled from the slingram data 
and it may be in contact with the Liikla shear zone (Figure 18-2). 

Because drillhole OL-KR45 is drilled below the earthing and the upper part of the hole 
is very close to the earthing te modelling of the data measured in the hole is uncertain. 
The potential anomalies n the drillhole are more due to the vicinity of the earthing than 
to the conductor itself. This conductor is either parallel to the Liikla shear zone or a 
branch of it. 
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Figure 18-2. Potential field map and W – E trending conductor modelled from the 
earthing in investigation trench TK14 (violet circles). The location of the current 
earthing is marked by orange circle and the conductors modelled from the slingram 
data by brown outlines. 
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19 EARTHINGS IN ONKALO TUNNEL 

In addition to the earthings placed in the Storage hall fault in the tunnel four other 
tunnel earthings were used to follow detected fractured zones. The first earthing was 
placed in a fracture at the start of the tunnel, the second at chainage PL285, the third at 
chainage PL720 and the fourth at chainage PL952. 

Earthing PL0: 

This earthing was very poor conductor and the first measurements by this earthing 
showed that it is not suitable for surveying. It was not possible to create a reliable model 
of the measured data. 

Earthing PL285: 

Two gently dipping conductors can be modelled from the data measured by the earthing 
at chainage PL285. The first model coincides with the conductor modelled from the 
earthing at the depth of 58 m in drillhole OL-KR4 (Figures 19-1 and 19-2). 

The second modelled conductor coincides with the conductor modelled from the 
earthing at the depth of 80 m in drillhole OL-KR4 (Figures 19-3 and 19-4). 

Both of these two gently dipping conductors seem to outcrop at the same place (Figure 
19-5) but it is possible that this due to the weathered rock unit cutting the conductors 
(the galvanic connections) and the conductor detected on the ground surface is the 
northern contact of the weathered rock unit. 

 
 
Figure 19-1. Modelled conductor 1 from the earthing at chainage PL285 (brown). View 
from above. 
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Figure 19-2. Modelled conductor 1 from the earthing at chainage PL285 (brown) and 
the conductor modelled from the earthing at the depth of 58 m in drillhole OL-KR4 
(greenish). View to the NE. 

 
 
Figure 19-3. Modelled conductor 2 from the earthing at chainage PL285 (brown). View 
from above. 
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Figure 19-4. Modelled conductor 2 from the earthing at chainage PL285 (brown) and 
the conductor modelled from the earthing at the depth of 80 m in drillhole OL-KR4 
(greenish). View to the NE. 

 
 
Figure 19-5. Potential field map and SW – NE trending conductor modelled from the 
earthing at chainage PL285 (violet circles). The location of the current earthing is 
marked by orange circle. 

Also two other conductors were detected on the ground surface, one in SW – NE 
direction and one in S – N direction. 
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The SW – NE trending conductor (Figure 19-6) may be the southern contact of the 
weathered rock unit and the S – N trending conductor (Figure 19-7) parallel to the 
Storage hall fault, to the west of it. 

 
 

Figure 19-6. Potential field map and another SW – NE trending conductor modelled 
from the earthing at chainage PL285 (violet circles). The location of the current 
earthing is marked by orange circle. 

 

Figure 19-7. Potential field map and S – N trending conductor modelled from the 
earthing at chainage PL285 (violet circles). The location of the current earthing is 
marked by orange circle and the location of the Storage hall fault by green line. 
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Earthing PL720: 

From the data measured by the earthing at chainage PL720 several connections were 
detected in the tunnel, in drillholes and on the ground surface. Due to quite limited 
amount of data it was not possible to create very reliable models of different conductors. 

Figures 19-8 and 19-9 show the detected connections probably due to a very gently 
dipping conductor. In these figures also the so called Tunnel Cutting Fractures (TCF) 
are presented (white and red curves in the tunnel). Some of those fractures are also very 
gently dipping. 

On the ground surface five conductors were detected. In the northern part of the 
surveyed area there are indications of a SW – NE trending conductor (Figure 19-10). 
There is a very limited amount of data measured in this part of the area and therefore the 
modelling can not be very reliable. 

Right above the earthing there was a weak conductor detected in SW – NE direction 
(Figure 19-11). This conductor may be the same as where the earthing was placed (a 
vertical fracture at chainage PL720). 

In the middle of the ground survey area there was a SSW – NNE trending conductor 
detected (Figure 19-12). This conductor is almost parallel to the Storage hall fault. The 
conductor may also be the south-western continuation of the conductor presented in 
Figure 19-10. In the geological model the outcrop of brittle zone OL-BFZ118 is close to 
this conductor. 

In the south-eastern corner of the ground survey area two conductors were detected 
(Figures 19-13 and 19-14). These conductors can be linked together to one SW – NE 
trending conductor. 

 
 
Figure 19-8. Modelled connections from the earthing at chainage PL720 (yellow lines) 
to the tunnel and the drillholes. View from above. 
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Figure 19-9. Modelled connections from the earthing at chainage PL720 (yellow lines) 
to the tunnel and the drillholes. View to the N. 

 

 
 
Figure 19-10. Potential field map and one SW – NE trending conductor modelled from 
the earthing at chainage PL720 (violet circles). The location of the current earthing is 
marked by orange circle. 
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Figure 19-11. Potential field map and another SW – NE trending conductor modelled 
from the earthing at chainage PL720 (violet circles). The location of the current 
earthing is marked by orange circle. 

 
 
Figure 19-12. Potential field map and SSW – NNE trending conductor modelled from 
the earthing at chainage PL720 (violet circles). The location of the current earthing is 
marked by orange circle and the location of the Storage hall fault by green line. 
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Figure 19-13. Potential field map and one SW – NE trending conductor in the south-
eastern part of the surveyed area modelled from the earthing at chainage PL720 (violet 
circles). The location of the current earthing is marked by orange circle. 

 
 
Figure 19-14. Potential field map and another SW – NE trending conductor in the 
south-eastern part of the surveyed area modelled from the earthing at chainage PL720 
(violet circles). The location of the current earthing is marked by orange circle. 
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Earthing PL952: 

A gently dipping conductor was modelled from the data measured by the earthing at 
chainage PL752 (Figures 19-15 and 19-16). 

This gently dipping conductor coincides with some other conductors discussed above, 
e.g. with the conductor modelled from the earthing at the depth of 80 m in drillhole OL-
KR4 (see chapter 3) and the conductor modelled from the earthing at chainage PL285 
(see Figures 19-3 and 19-4). 

On the ground surface S – N trending conductor was detected to the west of the Storage 
hall fault (Figure 19-17). 

 
 
Figure 19-15. Modelled gently dipping conductor from the earthing at chainage PL952 
(brown). View from above. 
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Figure 19-16. Modelled gently dipping conductor from the earthing at chainage PL952 
(brown) and the conductors modelled from the earthing at the depth of 80 m in drillhole 
OL-KR4 (green) and the conductor modelled from the earthing at chainage PL285 
(blue). View from above. 

 
 
Figure 19-17. Potential field map and S – N trending conductor modelled from the 
earthing at chainage PL952 (violet circles). The location of the current earthing is 
marked by orange circle and the location of the Storage hall fault by green line. 

In the eastern part of the surveyed area a conductor was detected in SW – NE direction 
(Figure 19-18). This conductor coincides with the conductor detected in the same place 
by the earthing at chainage PL720 (see Figures 19-13 and 19-14). 
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Figure 19-18. Potential field map and SW – NE trending conductor in the eastern part 
of the surveyed area modelled from the earthing at chainage PL952 (violet circles). The 
location of the current earthing is marked by orange circle. 
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APPENDIX 4. Conductive zone connections (integrated MAM models). An example 
(the comprehensive table is available in Posiva’s POTTI database). 
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