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ABSTRACT 

This report concerns mise-a-la-masse surveys conducted autumn 2005 at the area of the 
underground characterisation facility (Onkalo) and surroundings. Surveys were made in 
14 boreholes and at I ground survey area. Suomen Malmi Oy conducted the fieldwork. 
Astrock Oy supervised field surveys and processed, interpreted and reported acquired 
data for Posiva Oy. 

The purpose of the study was to collect data for geological modelling with following 
continuity of the conducting features in bedrock from borehole to borehole and to 
ground surface. These conducting features in bedrock are often linked with lithologic 
characters or weakness zones. 

A basis for the current survey was the previous mise-a-la-masse measurements and their 
results. Current earthings were placed in 15 electrically conducting structures in 5 
boreholes. Current earthings were situated in boreholes KR4, KR7, KR25, KR27, and 
KR37. Electrical connections were probed in 14 boreholes and at I ground survey area. 

The acquired survey data were collected to xyz-coordinate oriented databases for 3D 
processing, interpreting and visualization of the results. 

At first the data were transferred to Oasis Montaj, where the potential field profiles were 
drawn and studied borehole-by-borehole current earthing at a time to determine 
characteristics of the electrical connections. Next probable connections between 
boreholes were constructed and moved to Surpac Vision for visualisation. They were 
delivered for Posiva Oy as Surpac string and DTM files. 

With the mise-a-la-masse data, it was possible. to determine numerous low dipping 
electricalty conducting structures. Additionally previously detected conducting 
structures were updated with the new observations and interpretations. 

Ground surveys were hampered strongly by electrical disturbances of the infrastructure 
ofthe Olkiluoto. 

Results of the all surveys are also collected in the same table, where every one of 
connections is classified. 

Interpretations are merely based on mise-a-la-masse data. 

Keywords: geophysics, mise-a-la-masse, borehole survey, ground survey, modelling 



TIIVISTELMÄ 

Työssä käsitellään syksyllä 2005 tehtyjä latauspotentiaalimittauksia rakennettavan 
maanalaisen tutkimustilan eli ONKALON alueella ja sen ympäristössä. 
Maastomittaukset tehtiin 14 kairareiässä ja 1 maanpintamittausalueella. Maastotyön 
suoritti Suomen Malmi Oy. Valvonnasta, tulosten käsittelystä, tulkinnasta sekä 
raportoiunista vastasi Astrock Oy. 

Tutkimuksen tarkoituksena oli saada tietoa geologisen mallinnuksen avuksi 
selvittämällä kalliossa olevien johtavien piirteiden jatkuvuutta rei' istä maanpinnalle ja 
reiästä reikään. Nämä johtavat piirteet liittyvät monasti litologisiin ominaisuuksiin tai 
kallioperän heikkousvyöhykkeisiin. 

Työn suunnittelun perustana ja lähtökohtana oli aiemmat latauspotentiaalimittaukset. 
Virtamaadoituksia tehtiin 15 tutkittavaan rakenteeseen 5:ssa kairareiässä. Maadoitukset 
sijaitsivat kairanrei'issä KR4, KR7, KR25, KR27, ja KR37. Sähköisiä yhteyksiä 
virtamaadoituksista selvitettiin 14 reiässäja yhdellä maaopinta-alueella 

Tulosten jatkokäsittelemiseksi mittausaineisto koottiin xyz-paikkasidonnaiseen 
tietokantaan 3D käsittelyä, tulkintaa ja visuaalista havainnollistamista varten. 

Ensimmäiseksi reikäkohtaiset tulokset luettiin Oasis Montaj ohjelmistoon, missä 
potentiaalikentän arvot piirrettiin ja käsiteltiin reikäkohtaisesti virtamaadoitus kerallaan 
sähköisten yhteyksien ja niiden luonteen määrittämiseksi. Seuraavana vaiheena tehtiin 
yhdistelyt ja ne visualisoitiin ja esitetiin SurpacVision ohjelmistolla. Valmiit yhteydet 
toimitettiin Surpac-formaatissa Posiva Oy:n käyttöön. 

Latauspotentiaalimittauksen avulla voitiin mij,ärittää useita loivakaateisia sähköä 
johtavia pintoja. Lisäksi uusien mittausten tulokset yhdistettiin aiempien 
latauspotentiaalimittausten havaintoihin ja tulkintoihin. 

Maanpintamittauksia häiritsivät voimakkaasti Onkalon alueen ja koko Olkiluodon 
sivilisaatiohäiriöt. 

Kaikkien mittausten tulokset on esitetty myös taulukkona, jossa yhteyksien luonne on 
luokiteltu. 

Tulkinnat perustuvat ainoastaan latauspotentiaalimittausaineistoon. 

Avainsanat:geofysiikka,latauspotentiaali, reikämittaus, maanpintamittaus,mallinnus 
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1 Introduction 

Astrock Oy planned in co-operation with Posiva staff mise-a-la-masse surveys for 
Posiva at Olkiluoto. The aim of the surveys was to supplement earlier studies for locate 
and follow identified fracture zones or electrically conducting zones at Olkiluoto site. 
The surveys were carried out at 14 boreholes and at 1 separate ground survey area 
(Figure 1). 
Suomen Malmi Oy carried out the fieldwork during autumn 2005. Astrock Oy 
supervised field surveys as well as processed, interpreted and reported acquired data for 
Posiva. 

Figure 1. Location of the mise-a-la-masse survey area. 

The mise-a-la-masse technique is an electrical resistivity method for delineating 
electrically conductive subsurface ore bodies or other conductive geological units. In the 
application, a current electrode is placed in the conductive body in a borehole, with a 
second current electrode in the ground at electrical infinity. This causes the body to 
radiate electrical current. The electrical field (the equipotentiallines) can be mapped by 
measuring the voltage through potential electrodes in boreholes and on ground surface. 
The observed potential field will reflect the size, shape and orientation of the conducting 
body. From the mapped potential field, continuity between various conducting sections 
intersected in a number ofboreholes may also be identified. 
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There are two electrode configurations commonly used for M-A-M surveys: the 
potential array (most widely used) and gradient array (a test program at Olkiluoto in 
1990's). This survey was carried out using the potential array. For potential array, one 
of the potential electrodes is fixed on the survey area while the other potential electrode 
is moved from one measuring station to another. 

When the method is used, it is typically and chiefly in a reconnaissance mode, and 
quantitative interpretation ofmise-a-la-masse surveys is not often attempted. 

The contrast in petrophysical properties between the conductive zones and host rocks 
present rather favourable conditions, but not ideal, for M-A-M method at Olkiluoto. 
Electrical contrast is an order of magnitude less than those between mineralised 
orebodies and host rock. 
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2 Survey configuration and mise-a-la-masse data 

A plan view of the surveyed boreholes is shown in Figure 2. The remote current 
electrode was situated outside the target area some 2 km west of the survey area. 

' i't 
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Figure 2. A plan view of the surveyed bore holes. The traces of the measured bore holes 
are red. 
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Following are the locations for the current electrode earthings in boreholes (Table 1 ). A 
horizontal and two vertical projections of current earthings are shown in Figures 3 ... 5. 

Table 1. The current earthings. 

Earthing Borehole Depth Earthing Beforehand 
Resistance supposed 

structure 
1 a KR4 80.0m 5 RH19a 
1 b KR4 116.0m 360 RH19b 
1 c KR4 314.0m 220 RH20a 
ld KR4 368.0m 160 RH20b 
1 e KR4 490.0m 9.5 R56 
1 f KR4 759.0m 50 RH21 

2 KR7 416.0m 360 R56 

3a KR25 60.0m 440 
3b KR25 70.0m 50 
3c KR25 383.0m 20 
3d KR25 518.0m 320 

4a KR27 296.0m 65 
4b KR27 338.0m 250 
4c KR27 392.0m 100 

5 KR37 323.0m 28 ., 
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Figure 3. The projection of the current earthings (blue dots) in the surface plan. 
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Figure 4. Location (projection) of the current earthings in a vertical section. The 
Onkalo is also in the .figure (brown line). View towards north. 
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Figure 5. Location (projection) of the current earthings in vertical section. View 
towards west. 

Coordinates of the reference (fixed) potential electrode is: 
Northing (X) =6792143 
Basting (Y) = 1526044 
It is inside the survey area (about 80m NE from borehole KR25). 

For surveys with current earthings in borehole KR27 reference potential electrode was 
moved to the point inside that ground survey area: 
Northing (X) =6791911 
Basting (Y) =1526453 

The following 14 boreholes (Table 2) were surveyed either with one current earthing or 
with several current earthings. 

Table 2. The surveyed boreholes. 

Borehole Surveyed depth End ofhole 
[m] lml 

KR1 989 1001 
KR3 500 502 
KR4 760 902 
KR7 690 811 
KR8 599 601 
KR25 600 605 
KR27 550 551 
KR29 865 870 
KR31 188 189 
KR35 98 100 
KR36 135 205 
KR37 345 350 
KR38 530 540 
KR39 500 500 
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Station interval in boreholes was 5 meter. 

Only one ground survey area was measured. Figure 6 shows survey area and line paths. 
Line spacing was 25 and station interval 1 Om. Current earthings of the ground survey 
area were in borehole KR27 (see Table 1). 
It was tried ground surveys (three short lines) around "hall outcrop" with two uppermost 
current earthings in borehole KR25. However, the location near buildings hampered 
measurements too much. 

Figure 6. Ground survey area and survey line paths. 
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All measurements with various current earthings have been compiled in Tables 3 ... 7 
and in Figures 7 ... 11. 

Table 3. Mise-a-la-masse surveys with the current earthings in borehole KR4. 

Earthing in borehole KR4 

Surveyed 
Borehole 

80m 116m 314m 368m 490m 759m 

KRl + + + + 
KR3 + + + + 
KR7 + + 

KR25 + + + + + + 
KR29 + 
KR3S + + 
KR36 + + 
KR37 + + + + 
KR38 + + + + + + 
KR39 + + + + 

"' .. "' .. 
I I I 8 

~ -17f3000 N 

~-
87e3000 N 

8792500 N 8782500 N 

87112000 N 8782000 N 

"' i 

Figure 7. Surveyed boreholes, current earthings in borehole KR4. 
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Table 4. Mise-a-la-masse surveys with the current earthing in borehole KR7. 

Earthing in borehole 

Surveyed KR7 

Borehole 
416m 

KRl + 
KR3 + 
KR7 + 
KR37 + 
KR38 + 
KR39 + 

.. .. .. .. 
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.. 
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Figure 8. Surveyed boreholes, current earthings in borehole KR7. 
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Table 5. Mise-a-la-masse surveys with the current earthings in borehole KR25. 

Sunreyed Earthing in borehole KR25 

Boreholes 
60m 70m 383m 518m 

KR4 + + + + 
KR7 + + 
KR35 + + 
KR37 + + + + 
KR38 + + + + 

w w "' w w .. 
I I I 
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Figure 9. Surveyed boreholes (red), current earthings in borehole KR28 (blue) . 
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Table 6. Mise-a-la-masse surveys with the current earthings in borehole KR237. 

Earthing in borehole 

Surveyed 
KR37 

Borehole 
323m 

KR4 + 
KR7 + 

KR37 + 
KR38 + 
KR39 + 

.. .. .. .. .. .. 
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Figure 10. Surveyed boreholes (red), currentearthings in borehole KR3 7 (blue). 
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Table 7. Mise-a-la-masse surveys with the current earthings in borehole KR27. 

Earthing in borehole KR27 

Surveyed 
Borehole 

296m 338m 392m 

KR8 + + + 
KR27 + + + 
KR31 + + + 

Ground + + + 

.. .. .. .. "' 

I i i I ~ 
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1713GOG N 
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\ J 
e7mooN ~-~~): 61'92500N 
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Figure 11 Surveyed boreholes (red), current earthings in borehole KR27 (blue). 
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3 Other related and applied geodata 

Geophysical multi parameter leggings have been carried out in the most of the boreholes 
in the survey area. In this study, resistivity data were used to compare electrical 
properties of bedrock and fracture zones with measured mise-a-la-masse data. However 
logging data (petrophysical properties) from the most recently drilled boreholes was not 
in hand (KR35 ... KR39). 
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4 Quality of the data and the restrictions of the survey 

The acquired survey data were mainly of good quality. Field data were examined daily 
by Astrock Oy so that problems were identified immediately. Data curves were plotted 
to monitor data. Problems with the booster for transmitter were delayed surveys in some 
degree, but had no effect on the measured data. 

A lot of roads, halls, buildings, fences, power lines and cable canals have been built in 
the area of the ONKALO. All these anthropogenic constructions disturb the ground 
surveys to some extent. Especially a fence near a road to the harbor was problematic 
this time, diluting the usability of the survey results. 
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5 Interpretation and visualization methods 

There are no commercial interpretation software aids just for modelling the mise-a-Ia
masse data. The interpretation of the data is mainly qualitative in this report and is 
based on analysing and visualizing data in many ways. In addition, empirical know-how 
from earlier mise-a-la-masse measurements at Olkiluoto has assisted to interpret data. 

The effects of geometry, nearly concentric equipotential circles of a single current 
source (electrical monopole), usually dominate mise-a-la-masse results. The electrical 
field generated from this geometry is: 
V=I*p/4nR, (1) 

where p is the resistivity of the ground, R is the distance between the current electrode 
and the potential measurement point, V is measured voltage, and I is the used current. 
Theoretically the effect of the distance could be taken in account by normalizing the 
results with R, but it works only in ideal circumstances (homogenous environment). 

The distance between the current electrode and the potential measurement point in a 
borehole or on the ground surface has been calculated. It is used in concluding, whether 
the location of the potential minimum is caused by minimum distance or a real galvanic 
connection between studied objects. Figures 18 and 19 show examples of potential field 
minimum anomalies in boreholes with a calculated distance curves. In Figure 18 
potential field follows rather well minimum distance, whereas in Figure 19 potential 
field has distinct minimum point. In addition, shape of potential field curve gives 
indications of the nature of the anomaly. 

KR14 Cum1nt earthing In borehole KR4 at a depth af 394 m 

Figure 12 Potential field in a bore hole (red curve) and distance from current source 
(blue curve). 
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KR22 Current earthing In borehole KR8 at a depth of 552.5 m 

---- ----~~ _---~~--~~- - :--- - ----~--- -- ------ :·----- I : 

_·_·_ ·_ ·_ ·_ ~~~~--~~~-- -~ 
i I ,- •'' . I 

- ·-
Figure 13 Potential field in a bore hole (red curve) and distance from current source 
(blue curve) 

Oasis WholePlot (Geosoft Inc.) drillhole mapping software has been used to create 
borehole profile plots, integrated surfaces and vertical maps combining geophysical data 
with other related borehole data. 

Mise-a-la-masse databases have been created with geographic co-ordinates (easting, 
northing, elevation) for all survey data points, both on the ground surface and in the 
boreholes. Also, collar, survey and geology data were imported to WholePiot databases. 

Potential field distribution has been created by gridding the mise-a-la-masse data. The 
results are viewed as colour images on vertical sections and plan views. The data were 
also plotted in profile format. Diverse calculated colour images with different current 
earthings don't have same fixed colour scale, because absolute values of potential field 
vary so much. 

Observed connections between boreholes have been imported from Geosoft WholePlot 
to Surpac Vision for 3-D study and visualization. The illustrations of the results in 
Surpac have been done for each separate current earthing. Two images were prepared 
per every case; one image viewed from above and one nearly vertical image from the 
most illustrative direction. 

Observed connections are presented as blue lines (Surpac strings) from current earthing 
to a connection point in a surveyed borehole. Subsequently, Surpac DTM files (green 
surfaces) have been formed from string files (Figure 14). Observed connections have 
been delivered as Surpac string files for Posiva. 
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Figure 14. An example of 3D visualization of the observed galvanic connections 
between boreholes. Viewed from above. 
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6 Results 

Essential survey results are presented one current earthing at a time. At first is presented 
the results with earthings in borehole KR4 and next respectively earthings in boreholes 
KR7, KR37, KR25 and KR27. 
Detected new electrical connections has been linked with the connections, which has 
been discovered from earlier mise-a-la-masse studies (Working Report 2004-51, 
Working Report 2006-08). 

Current earthing in borehole KR4 at a depth of 80 meters 

Current earthing in borehole KR4 at a depth of 80 meters is located near the surface. 
Distinct observed continuations are situated in boreholes KR25 and KR38 (Figures 15 
and 19). In borehole KR37 potential field behaves unclear, but it has an imaginable 
minimum at a depth of215m (Figure 18). Results from borehole KR35 and KR36 don,t 
show up minimum points of the potential field (Figures 16 and 17). In the case of the 
borehole KR35 minimum point may be beneath of the borehole or the studied structure 
comes to the end before the borehole. Probable minimum/connection point in borehole 
KR36 could not be reached, because the borehole was blocked at the depth of 135m (the 
end ofthe borehole is 204m). 
Figures 20 and 21 illustrate 3D visualization of the electrical connections 

T bl 8 D t d . t ted connections. a e •. etec e or m erpre 
Survey Connection 

hole point 
KR25 100 
KR35 Beneath 
KR36 Beneath 
KR37 215 
KR38 80 

KR25 Current earthings in borehole KR4 at a depth of BOm 

Figure 15. Potentia/field in borehole KR25. 
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KR35 Current earthings in borehole KR4 at a depth of 80m 

Figure 16. Potential field in borehole KR35. 

KR36 Current earthings in borehole KR4 at a depth of BOrn 

Figure 17. Potential field in borehole KR36. 

KR37 Current earthings in borehole KR4 at a depth of 80m 

Figure 18. Potentia/field in borehole KR37. 

KR38 Current earthings in borehole KR4 at a depth of 80m 

:: :~~-.--------_-_ ----~---_--_-__ -_-_-_,_-_-_-_-_-_-__ -_-_-_-_Jrr-.. ---.--~-----~-~~~~=_ = __ =_=_=_=_~----- ~--~- ~-

:::{~~-~~~;~ - /1 ~~-~-~~- -_. . - :- -_ = =-~ :: :::~~----------r· - ---- --r- -----------------.,---------

•1,)(1 

Figure 19. Potentia/field in borehole KR38. 
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Figure 20. 3D visualization of the observed connection. View from above 

' \ 

I 
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Figure 21. 3D visualization of the observed connection. Vertical view. 

Current earthing in borehole KR4 at a depth of 116 meters 

With current earthing in borehole KR4 at a depth of 116m has been detected electrical 
connections to the same boreholes as with the preceding earthing (KR4/80m). In 
borehole KR25 distance between these two conductors have increased, whereas in 
borehole K.R37 they have come closer (Figures 22, 25 and 29). 
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Figures 27 and 28 illustrate 3D visualization of the electrical connections. In figure 29 
has been demonstrated both detected layers with earthings at the depths of 80m and 
116m in borehole KR4. 

T bl 9 D d d ns. a e • etecte or mterprete connectw 
Survey Connection Remarks 

hole point comments 
KR25 150 
KR35 Beneath 
KR36 ? 
KR37 225 
KR38 125 

KR25 Current earthings in borehole KR4 at a depth of 116m 

Figure 22. Potential field in bore hole KR25. 

KR35 Current earthings in borehole KR4 at a depth of 116m 

Figure 23. Potential field in bore hole KR35. 
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KR36 Current earthings in borehole KR4 at a depth of 116m 

Figure 24. Potential field in bore hole KR36. 

KR37 Current earthings in borehole KR4 at a depth of 116m 

..• -- -f, ::: t :ool+----~..,.--_-___ -___ - _-'=- :s,~ __ j________ -·-· ------·· 

i :: : -----~-- ~-- - ---"_·-~--~ -=~- ~---:--- : ~_-_ ~ ./\2 
4 .. -

4» ~~------~-----..~.------~-~----~~~~~~~----~-----=-

Figure 25. Potentia/field in borehole KR3 7. 

KR38 Current earthings In borehole KR4 at a depth of 116m 

... 

Figure 26. Potential field in bore hole KR38. 
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Figure 27. 3D visualization of the observed connection. View from above 

Figure 28. 3D visualization of the observed connection. Vertical view. 
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Figure 29. 3D visualization of the observed connection. The figure presents both of two 
conductors, KR4/80m and 116m. Vertical view. 

Current earthing in borehole KR4 at a depth of314 meters 

There is a clear galvanic connection from current earthing in borehole KR4 at a depth of 
314 m to boreholes KR25 and KR38 (Figures 31and 33). In borehole KR25 minimum is 
25m wide (from 260m to 285 m). In other surveyed boreholes indications are not so 
evident and/or minimums are wide (Figures 30, 32 and 34). In the case of borehole 
KR37 possible connection may be at the depth of 325m or it could be shortly after the 
end of the borehole. In the figures 35 and 36 the interpreted 3D layer has been 
connected to the depth 325m in borehole KR37. · 

T bl 10 D t t d · t eted connections. a e . e ec e or m erpr 
Survey Connection 

hole point 
KR3 75-140 

KR25 260-285 
KR37 325? 
KR38 320 
KR39 145 
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KR3 Current earthings in borehole KR4 at a depth of 314m 

. ..., ... ,.. 
i::i::j ..... 
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Figure 30. Potential field in bore hole KR3. 

KR25 Current earthings in borehole KR4 at a depth of 314m 
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Figure 31. Potentia/field in borehole KR25. 

KR37 Current earthings in borehole KR4 at a depth of 314m 

Figure 32. Potential field in borehole KR37. 
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KR38 Current earthings in borehole KR4 at a depth of 314m 

Figure 33. Potential field in bore hole KR38. 
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KR39 Current earthing& in borehole KR4 at a depth of 314m 

Figure 34. Potential field in bore hole KR39. 
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Figure 35. 3D visualization of the observed connection. View from above 
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Figure 36. 3D visualization of the observed connection. Vertical view. 

Current earthing in borehole KR4 at a depth of 368 meters 

Potential field with current earthing at a depth of 368 m in borehole KR4 behaves as the 
above discussed case (KR4/368m) in boreholes KR3, KR37 and KR39 (Figures37, 39 
and 41) and the minimums are at the same places. Only in boreholes KR25 and KR38 
the potential minimums are situated in different places than with the current earthing at 
a depth of 368m (Figures 38 and 40). 
Figures 42 and 43 illustrate 3D visualization of the connections. 

T bl 11 D t t d . t ted connections. a e . e ec e or m ervre 
Survey Connection 

hole point 
KR3 75-140 

KR25 385 
KR37 325? 
KR38 375 
KR39 145 
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KR3 Current earthings in borehole KR4 at a depth of 368m 

Figure 37. Potentia/field in borehole KR3. 

KR25 Current earthings in borehole KR4 at a depth of 368m 
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Figure 38. Potentia/field in borehole KR25. 

KR37 Current earthings in borehole KR4 at a depth of 368m 

Figure 39. Potential field in bore hole KR37. 

KR38 Current earthlngs in borehole KR4 at a depth of 368m 

Figure 40. Potential field in borehole KR38. 
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KR39 Current earthings in borehole KR4 at a depth of 368m 

Figure 41. Potential field in borehole KR39. 

Figure 42. 3D visualization of the observed connection. View from above 
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Figure 43. 3D visualization of the observed connection. Vertical view. 

Current earthing in borehole KR4 at a depth of 490 meters 

During previous survey campaign (Working Report 2006~06), separately at the end of 
survey program, only boreholes KRl and KR28 were measured with current earthing in 
borehole KR4 at a depth of 490 meters. Here and now survey program was continued 
and boreholes KR3, KR7, KR25, KR29, KR38 and KR39 were surveyed (Figures 
44 .. .49). The most certain connection is to borehole KR7 at the depth of 416m 
(structure R56). ln boreholes farther off from the current earthing (KR3, KR29 and 
KR39) minimums locate at the same area as shortest distance from the current earthing 
point. There is a gentle potential minimum in borehole KR25 at a depth of 570m. 
Figures 50 and 51 illustrate 3D visualization of the connections. 

T bl 12 D t t d . t a e . e ec e or m erpre ted connections. 
Survey Connection 

hole point 
KR3 140 
KR7 416 
KR25 570 
KR29 545 
KR38 Beneath 
KR39 230 



36 

KR3 Current earthings in borehole KR4 at a depth of 490m 

Figure 44. Potential field in bore hole KR3. 

KR7 Current earthings in borehole KR4 at a depth of 490m 
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Figure 45. Potential field in bore hole KR7. 

KR25 Current earthings in borehole KR4 at a depth of 490m 

Figure 46. Potential field in bore hole KR25. 

KR29 Current earthings in borehole KR4 at a depth of 490m 
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Figure 47. Potentia/field in borehole KR29. 
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KR38 Current earthlngs in borehole KR4 at a depth of 490m 

Figure 48. Potentia/field in borehole KR38. 

KR39 Current earthings in borehole KR4 at a depth of 490m 

Figure 49. Potential field in bore hole KR39. 

Figure SO. 3D visualization of the observed connection. View from above 
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Figure 51. 3D visualization of the observed connection. Vertical view. 

Current earthing in borehole KR4 at a depth of 760 meters 

Current earthing in borehole KR4 at a depth of 759 meters locates so deep position that 
there are no connections to other boreholes in the area of the Onkalo. Earlier observed 
continuations are situated in boreholes KRI, KR2, KR19 and KR33. The resent surveys 
were completed in boreholes KR3, KR7, KR25, KR38 and KR 39 (figures 52 ... 56). 
There is a possible potential minimum merely in borehole KR3 at a depth of 485m. In 
other boreholes potential field strengthen to the- bottom of the boreholes, indicating 
predominately oncoming current earthing. 
In figures 57 and 58 the electrical connection is shown in 3D views. 

T bl 13 D d eted connections. a e . etecte or mterpr 
Survey Connection 

hole .Point 
KR3 Beneath 
KR7 Beneath 
KR25 Beneath 
KR38 Beneath 
KR39 Beneath 
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KR3 CUrrent earthings in borehole KR4 at a depth of 760m 

Figure ~2. Potential field in bore hole KR3. 

KR7 CUrrent earthings In borehole KR4 at a depth of 760m 

Figure ~3. Potential field in borehole KR7. 
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KR25 Current earthings in borehole KR4 at a depth of 760m 
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Figure ~4. Potential field in bore hole KR25. 

KR38 Current earthlngs In borehole KR4 at a depth of 760m 
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Figure ~5. Potential field in bore hole KR38. 
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KR39 Current earthings in borehole KR4 at a depth of 760m 

Figure 56. Potentia/field in borehole KR39. 

Figure 57. 3D visualization of the observed connection. View from above 
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Figure 58. 3D visualization of the observed connection. Vertical view. 

Current earthing in borehole KR7 at a depth of 416 meters 

According to the earlier surveys there was a very clear galvanic connection from current 
earthing in borehole KR7 at a depth of 416 m to the depth of 490 m in borehole KR4 
(structure R56). There is also excellent connection vise versa (Figure 45). Potential 
fields in boreholes KR1, KR3 and KR38 behave precisely similarly as with current 
earthing in borehole KR4 at a depth of 490m (Figures 59, 60 and 62). As well in 
borehole KR39 potential field is nearly congru.ent with current earthing in borehole 
KR4, but the minimum is wider (Figure 63). 
Figures 64 and 65 show electrical connections three dimensiona11y. 

T bl 14 D t t d · t eted connections. a e . e ec e or m erpr 
Survey Connection 

hole point 
KRl 345 
KR3 140 

KR37 Beneath 
KR38 Beneath 
KR39 325 
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KR1 Current earthings in borehole KR7 at a depth of 416m 
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Figure 59. Potential field in bore hole KRJ. 

KR3 Current earthings in borehole KR7 at a depth of 416m 

Figure 60. Potential field in bore hole KR3. 

KR37 Current earthings in borehole KR7 at a depth of 416m 

Figure 61. Potentia/field in borehole KR37. 

KR38 Current earthings in borehole KR7 at a depth of <416m 

Figure 62. Potential field in bore hole KR38. 
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KR39 Current earthings in borehole KR7 at a depth of 416m 
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Figure 63. Potential field in borehole KR39. 

Figure 64. 3D visualization of the observed connection. View from above 
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Figure 65. 3D visualization of the observed connection. Vertical view. 

Current earthing in borehole KR25 at depths of 60 and 70 meters 

f 

I 
/ 

Results with current earthings in borehole KR25 at depths of 60m and 70m are 
presented together, because they give similar results. The only exception is borehole 
KR35, where potential minimum with current earthing at the depth of 70m is wider 
(Figures 67 and 68). There are not very visible minimum points in measured boreholes 
KR4, KR37 and KR38 (Figures 66, 69 and 70). However, it has been outlined a possible 
electrically conducting layer (Figures 71 and 72). 

T bl 15 D t t d . t ted connections. a e . e ec e or m erpre 
Survey Connection 

hole point 
KR4 50 
KR35 65-75 
KR37 180-215 
KR38 45,85 



45 

KR4 Current earthings in borehole KR25 at a depth of 60m 

Figure 66. Potential field in borehole KR4. 

KR35 Current earthings in borehole KR25 at a depth of 60m 

Figure 67. Potentia/field in borehole KR35. 

KR35 Current earthings in borehole KR25 at a depth of 70m 

Figure 68. Potentia/field in borehole KR35 (dashed curve is KR25160m). 

KR37 Current earthings in borehole KR25 at a depth of 60m 

Figure 69. Potential field in borehole KR3 7. 
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KR38 Current earthings in borehole KR25 at a depth of 60m 

Figure 70. Potential field in bore hole KR38. 

Figure 71. 3D visualization of the observed connection. View from above 
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Figure 72. 3D visualization of the observed connection. Vertical view. 

Current earthing in borehole KR25 at a depth of 383 meters 
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Current earthing in borehole KR25 at a depth of 383 m was already in use during the 
former survey. New surveyed boreholes were KR4, KR7, KR37 and KR38 (Figures 
73 ... 76). There are distinctive anomalies in boreholes KR4 and KR7. In borehole KR37 
potential field follows the curve of the shortest distance to the earthing point. In 
borehole KR38 potential field has very broad minimum area, nearly 200m, and peak 
value at the depth of 475m. · 
Figures 77 and 78 show an interpreted plan, which runs through the detected mise-ala
masse connections. 

T bl 16 D d a e . etecte or mterpr eted connections. 
Survey Connection 

hole point 
KR4 385-425 
KR7 370 
KR37 Beneath 
KR38 310-475 
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KR4 Current earthings in borehole KR25 at a depth of 383m 
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Figure 73. Potentia/field in borehole KR4. 

KR7 Current earthings in borehole KR25 at a depth of 383m 

Figure 74. Potentia/field in borehole KR7. 

KR37 Current earthings in boreho1e KR25 at a depth of 383m 

Figure 75. Potentia/field in borehole KR37. 

KR38 Current earthings in borehole KR25 at a depth of 383m 
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Figure 76. Potentia/field in borehole KR38. 
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Figure 77. 3D visualization of the observed connection. View from above 

Figure 78. 3D visualization of the observed connection. Vertical view. 

Current earthing in boreho/e KR25 at a depth of 518 meters 

Potential field with current earthing in borehole KR25 at a depth of 518 meters behaves 
in boreholes KR37 and KR38 as with previous current earthing (Figures 81 and 82). In 
addition in borehole KR7 the potential curve is mainly similar. There is only one extra 
minimum at a depth of 535mJ but it locates in the area of the shortest distance (Figure 
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80). In borehole KR4 possible electrical connection is situated at a depth of 560m 
(Figure 79). 
Figures 49 and 50 illustrate 3D visualization of the connections. 

T bl 17 D t t d . t eted connections. a e . e ec e or m erpr 
Survey Connection 

hole point 
KR4 560 
KR7 370,535 

KR37 Beneath 
KR38 310-475 

KR4 Current earthings in borehole KR25 at a depth of 518m 

Figure 79. Potential field in bore hole KR4. 

KR7 Current earthings in borehole KR25 at a depth of 518m 

Figure 80. Potential field in bore hole KR7. 

KR37 Current earthings in borehole KR25 at a depth of 518m 

Figure 81. Potentia/field in borehole KR37. 
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KR38 CUrrent earthings In borehole KR25 at a depth of 518m 

Figure 82. Potential field in bore hole KR38. 
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Figure 83. 3D visualization of the observed connection. Vertical view. 

Current earthing in borehole KR3 7 at a depth of 323 meters 

Current earthing was adjusted in borehole KR37 at a depth of 323m (there was not 
resistivity logging on hand). Borehole KR37 was drilled after previous mise-a-la-masse 
campaign and the borehole was done targeting in one hand to find out a possible 
interpreted mise a-la-masse conductor in the vicinity of borehole KR24. It was not 
possible to survey borehole KR24 this time, but new borehole KR38 is nearly 
equivalent. There is clear potential minimum in borehole KR38 at a depth of 215m, in 
the area of the potential terrace in borehole KR24 (Figure 87). In borehole KR4 the 
minimum locates at a depth of l80m and it is very clear (Figure 84). In boreholes KR7 
and KR39 potential distribution depends only on the distance to current earthing 
(Figures 86 and 88). Figure 86 illustrates potential field in current earthed borehole 
itself. 
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Figures 89 and 90 illustrate 3D visualization of the connections. 

T bl 18 D t t d . t eted connections. a e . e ec e or m erpJ 
Survey Connection 

hole point 
KR4 180 
KR38 215 
KR39 Surface 

KR4 Current earthings in borehole KR37 at a depth of 323m 

Figure 84. Potential field in bore hole KR4. 

KR37 Current earthings in borehole KR37 at a depth of 323m 

- I<R37_S23m 

Figure 85. Potential field in bore hole KR3 7. 

KR7 Current earthings in borehole KR37 at a depth of 323m 

Figure 86. Potential field in bore hole KR7. 
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KR38 CUrrent earthing& In borehole KR37 at a depth of 323m 

Figure 87. Potentia/field in borehole KR38. 

KR39 Current earthings In borehole KR37 at a depth of 323m 

Figure 88. Potentia/field in borehole KR39. 

Figure 89. 3D visualization of the observed connection. View from above 
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Figure 90. 3D visualization of the observed connection. Vertical view. 

Current earthing in borehole KR27 at depths of 296, 338 and 392 meters 

Vertical fractures have been identified (according to geological logging) in borehole 
KR27 between 280m and 450m. Purpose of the mise a-la-masse surveys was to check, 
if these fractures come up to the ground surface. Current earthings were located to the 
depths of 292m, 338m and 392m according to the resistivity data (figure 91). Ground 
surveys were done just above the current earthings (Figure 92), but a fence and 
electrical cables limited the measured area. On the other hand, possible continuation of 
the fractures were tried to detect in boreholes KR-8 and KR31. In boreholes KR 22 and 
KR23 were other investigation during the MAM survey. 
Potential distributions on the ground surface with all current earthings were practically 
identical. Extraneous factors hampered measurements so strongly that interpretation of 
the results is unreliable. Potential field, farther off from the disturbance towards east, 
follows nicely the distance curve (Figure 93). 
Borehole KR31 was too short for the demanded purpose (figure 94). There is no sharp 
anomaly in borehole KR8 with any current earthings (figures 95 ... 97). Potential 
minimums locate near the shortest distance from the current earthings. 
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KR27 Single Point Resistivity(Log) 

Figure 91. Logging profile showing single point resistivity for borehole KR27 from 
270m to 470m. Red circles are locations for current earthings. 

Figure 92 Potential distribution of a current earthing at the depth of 392 m in borehole 
KR2 7. Projections of the earthings on the surface plan are marked with blue dots. 
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Line 6791950 Current earthing in boreho1e KR27 at a depth of 392m 

UINII 

Figure 93. Potentia/field at line 6791950N. 

KR31 Current earthings in boreho1e KR27 at a depth of 296m 

Figure 94. Potentia/field in borehole KR31. 

KR8 Current earthings in borehole KR27 at a depth of 296m 

Figure 95. Potential field in bore hole KRB. 

KRB Current earthings in borehole KR27 at a depth of 338m 

Figure 96. Potential field in bore hole KRB. 
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KR8 Current earthings in borehae KR27 at a depth of 392m 

Figure 97. Potential field in borehole KR8. 
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7Summary 

This report describes mise-a-la-masse surveys conducted in autumn 2005. It 
supplements earlier mise-a-la-masse surveys, especially lack of measurement between 
boreholes KR4 and KR25. In addition, since the previous survey, new boreholes were 
drilled and there was need to define connections to these boreholes (K.R35 ... KR39). 

Results are based on current surveys in 14 boreholes. In addition, the previous mise-a
la-masse results and interpretations have been utilized in this study. The historical 
interpreted conducting layers have been updated with the new observed galvanic 
electrical connections. 
Ground survey results are only indicative consequence of intense cultural noise on 
ground surface area. 

Galvanic electrical connections from different current earthings in the surveyed 
boreholes are summarised in a table in Appendix 1. Colour codes are used to classify 
the reliability of the connections. 
Generally there are obvious and best electrical connections from current earthings in 
borehole KR4 to boreholes KR7, KR25 and KR38 and from borehole KR25 to 
boreholes KR4, KR7 and KR35. With the current earthing in borehole KR37 there are 
clear connection to boreholes KR4 and KR 38. 
Probable electrical links to boreholes farther off are more troublesome to interpret, 
comparing measured potential field with minimum distance from current earthing helps 
to estimate potential minimums type. 

The quality of the data fulfills the requirements. The quality was observed and approved 
by Astrock Oy. 

Final results have been delivered as Surpac strings for Posiva. 

In conclusion it can be stated that mise-a-la-masse survey method works very well for 
studying structures in the ONKALO area and it helps to connect conducting features in 
bedrock from borehole to borehole. 
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Tablt~ of dflf.fcud coliiUICtions and kxations of mil;s-a-Ja-masw ano~s. Obvious connt~cticns af'f marlwi as ytllow colour and indif'fet 
connections (Jl"fl marked as grefln colour. Numeric reading rqJrwsents a minimum point of the pot•l't.ial folld in thfl sul"Veyed borehok. 

Curroj eutldqs 

S11ney KR4 KR7 KR25 KR37 KR27 
'bonlole 
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KR25 lOO 150 260- 385 570 beneath * * * * 28'5· 
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KR36 beneath beneath * * * * * * * * r * * * * 
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