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ELECTROMAGNETIC SAMPO MONITORING SOUNDINGS AT OLKILUOTO 
2011 WITH UPDATED INTERPRETATIONS 
 
ABSTRACT 
 
The Geological Survey of Finland (GTK) has carried out electromagnetic depth sound-
ings annually at fixed stations in Olkiluoto since 2004 as part of a monitoring pro-
gramme. The goal of the programme is to detect and monitor changes in the electrical 
properties of the bedrock above and in the vicinity of the underground nuclear waste 
disposal facility. 
 
A new Sampo monitoring survey was carried out during September–October 2011. The 
survey resulted in 39 soundings at 17 measurement stations. The nominal coil separa-
tions of 200, 400, 500, 600 and 800 meters were used. 
 
Eight stations were selected for detailed annual layer-model interpretation. The layer 
models were based on prior geological and geophysical knowledge of the area. The 
thicknesses of the layer-model layers were kept fixed whereas their resistivities were 
solved for each subsequent year independent of each other. Many time series indicate 
clear trends in electrical resistivity. However, even though the data was carefully cor-
rected and edited, the time series display a fairly large amount of variability increasing 
the uncertainty of the calculated trends. 
 
Keywords: Electromagnetic depth soundings, Olkiluoto, monitoring, modelling, saline 

groundwater. 





OLKILUODON SÄHKÖMAGNEETTISET SAMPO-LUOTAUKSET 2011 JA 
PÄIVITETYT TULKINNAT 
 
TIIVISTELMÄ 
 
Geologian tutkimuskeskus (GTK) on tehnyt sähkömagneettisia syvyysluotauksia määrä-
tyillä mittausasemilla Olkiluodossa vuodesta 2004 alkaen osana monitorointiohjelmaa. 
Ohjelman tarkoituksena on ydinjäteluolan päällä ja lähiympäristössä mahdollisesti ta-
pahtuvien kallion sähköisten ominaisuuksien havainnointi ja seuranta. 
 
Vuoden 2011 syys-lokakuussa tehtiin uudet monitorointiluotaukset. Luotauksia tehtiin 
17 mittausasemalla yhteensä 39 kappaletta. Käytetyt nominaaliset kelavälit olivat 200, 
400, 500, 600 ja 800 metriä. 
 
Kahdeksan asemaa valittiin vuosittaisia kerrosmallitulkintoja varten. Kerrosmallit pe-
rustuivat olemassa olevaan geologiseen ja geofysikaaliseen aineistoon. Kerrosmallien 
kerrosten resistiivisyydet tulkittiin jokaiselle vuodelle toisistaan riippumatta, mutta ker-
rosten paksuudet pidettiin vakioina. Moni aikasarja osoittaa selkeitä trendejä sähkönjoh-
tavuudessa. Vaikka datasta poistettiin kohinaiset pisteet ja kallistuskorjaukset tehtiin 
huolellisesti, aikasarjoissa on melko paljon vuotuista vaihtelua, mikä heikentää tulkittu-
jen trendien luotettavuutta. 
 
Avainsanat: Sähkömagneettiset syvyysluotaukset, Olkiluoto, monitorointi, mallinnus,

suolainen pohjavesi. 
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1 INTRODUCTION 
 
The earlier monitoring surveys are documented in Jokinen and Lehtimäki (2004), Joki-
nen and Lehtimäki (2005), Jokinen and Lehtimäki (2006), Jokinen and Lehtimäki 
(2007), Jokinen and Lehtimäki (2008), Jokinen et al. (2009), and Korhonen et al. 
(2010). The rationale for the monitoring programme is given in Korhonen (2010) and 
Korhonen et al. (2010). 
 
The details of the survey procedure along with a description of the Sampo system, its 
operational principle, data processing and interpretation procedure are laid out in Kor-
honen (2010) and Korhonen et al. (2010). 
 
This report provides the following: 

1. A short description of the 2011 monitoring survey. 

2. A short description of the soundings carried out during the entire monitoring period 
2004–2011. 

3. A description of the layer-model interpretations of the soundings carried out during 
2004–2011 at 8 measurement stations. 
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2 THE 2011 MONITORING SURVEY 
 
The 2011 monitoring survey began on 13 September. The survey was suspended on 16 
September after 4 unproductive days due to unfavourable weather conditions. The sur-
vey was continued on October 13 and was finished the next day. The field work was 
lead by GTK geophysicist Jukka Lehtimäki and assisted by GTK technical personnel 
Kai Nyman, Reijo Sormunen, Jukka Piispa and Terho Turunen. 
 
The 2011 survey is almost an exact replication of the 2010 survey. The 2010 and 2011 
surveys were carried out using the same coil separations and at the same measurement 
stations with the exception of one extra sounding at 2011. Stations located on Lines 
K50400 and K50600 were surveyed using the nominal coil separations of 200, 500 and 
800 meters. Stations located on Line ABC were surveyed using the nominal coil separa-
tions of 200, 400 and 800 meters with the addition of one 600-m coil-separation sound-
ing at station C. See Korhonen et al. (2010) for the details of the 2010 survey. 
 
Figure 1 indicates the locations of the nominal measurement stations and the coordinate 
systems used. Figure 2 indicates the locations of the 39 soundings performed during the 
2011 survey. From Figures 1 and 2 it is evident that only a part of the measurement sta-
tions were surveyed in 2011. This is because some stations have become either inacces-
sible or the data from those stations are too infested with electromagnetic noise to pro-
vide any meaningful information. Thus, many stations have been dropped out of the 
monitoring programme. Table 1 enumerates the soundings carried out during the 2011 
survey on each line using each coil separation. 
 

 
 
Figure 1. The locations of the nominal measurement stations and the coordinate sys-
tems used. 
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(a) 

 
 

(b) 

 
 

Figure 2. Continued on the next page. 
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(c) 

 
 

Figure 2. (Continued from the previous page.) The locations of the monitoring sound-
ings performed during the 2011 survey. (a) 15 soundings were performed on Line 
K50400; 5 soundings using 200-m coil-separation; 5 soundings using 500-m coil sepa-
ration; and 5 soundings using 800-m coil separation. (b) 14 soundings were performed 
on Line K50600; 5 soundings using 200-m coil-separation; 5 soundings using 500-m 
coil separation; and 4 soundings using 800-m coil separation. (c) 10 soundings were 
performed on Line ABC; 3 soundings using 200-m coil-separation; 3 soundings using 
400-m coil separation; 1 sounding using 600-m coil separation; and 3 soundings using 
800-m coil separation. TX indicates transmitter, RX indicates receiver and SX indicates 
measurement station. The black lines and open black circles indicate the nominal meas-
urement lines and stations. 
 
Table 1. Enumeration of the soundings carried out during the 2011 survey on each line 
using each coil separation. 
 

Coil separation [m] Line K50400 Line K50600 Line ABC Total
200 5 5 3 13
400 – – 3 3
500 5 5 – 10
600 – – 1 1
800 5 4 3 12

Total 15 14 10 39
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3 THE RESULTS 
 
All soundings carried out during 2004–2011 are presented in Appendices A1–A20 as 
wave tilt (|Hz/Hr|) and apparent resistivity curves. The tilt corrections have been per-
formed carefully and spurious data points have been removed. These points typically 
include the low frequency and high frequency ends of the curves. Low frequencies are 
virtually always infested with active electromagnetic noise which is especially strong 
and omnipresent in Olkiluoto. High frequencies may be distorted by infrastructure such 
as lamp posts, tin roofs and other metallic objects with the potential to generate secon-
dary fields but also with high-frequency electromagnetic noise generated by communi-
cations lines. 
 
Figure 3 presents the annual progress of the ONKALO tunnel. The tunnel may disturb 
groundwater conditions exerting an influence on the electrical properties of the bedrock 
and thus influence the soundings. Another likely and important influence is the growing 
infrastructure in the vicinity of the ONKALO excavation site. Annual aerial photo-
graphs might help to estimate the influence of infrastructure on the soundings. How-
ever, there is no way to correct the data for such influences. 
 
Data from Stations K50400/L10000, K50600/L10000, K50400/L10200 and K50600/L-
10200 (Appendices A1–A4) is in general of good quality (with the exception of the 
failed 800-m coil-separation sounding from 2006 at Station K50400/L10200 and the 
500-m coil-separation sounding from 2008 at Station K50600/L10200). However, the 
500-m coil-separation soundings carried out at Stations K50600/L10000 and K50600/L-
10200 contain a clear indication of an annually growing infrastructural influence (the 
data is virtually noise-free but the sounding curves get progressively more distorted 
every year). The Station K50600/L10200 was removed from the monitoring programme 
in 2009 due to obstructing infrastructure. In some cases, the soundings carried out dur-
ing 2004 and 2005 clearly depart from the rest of the soundings indicating some kind of 
infrastructural changes during those years. 
 
The soundings carried out at Stations K50400/L10400, K50600/L10400, K50400/L10-
600, K50600/L10600, K50400/L10800 and K50600/L10800 are relatively noise-free 
but distorted in various ways indicating strong infrastructural influence brought upon by 
the ONKALO excavation work. Half of the stations have been removed from the pro-
gramme due to the growing influence of the infrastructure. 
 
The soundings carried out at Stations K50400/L11000, K50600/L11000, K50400/L11-
200, K50600/L112000 contain good quality data with the exception of the distorted 
500-m and 800-m coil-separation soundings at Station K50400/L11000 and the dis-
torted 800-m coil-separation soundings at Station K50400/L11200. 
 
Stations K50400/L11400 and K50600/L11400 have been dropped from the monitoring 
programme previously due to inaccessibility. Station K50400/L11500 was added to the 
monitoring programme in 2007 as a replacement. The data from Station K50400/L11-
500 is of very high quality with almost no noise at all and a high degree of repeatability. 
The station is clearly far away from the influence of the ONKALO work and obviously 
there are no changes in the electrical properties of the ground below the station. 
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Stations A, B and C were added to the monitoring programme in 2009. Similarly to Sta-
tion K50400/L11500, the soundings carried out at Stations A, B and C are of very high 
quality with little or no noise and a high degree of repeatability with the exception of 
the 800-m coil-separation sounding from 2009 which is somewhat noise-infested. The 
dissimilarity of the 400-m coil-separation sounding from 2010 at Station B is likely ex-
plained by changes in the conductivity of the overburden. However, it is worth noting 
that the 200-m and 800-m coil-separation soundings at the same station do not exhibit 
similar behaviour. 
 
Because the soundings from Station K50400/L11500 and Stations A, B and C contain 
little or no electromagnetic noise or infrastructural distortions, they can be used to con-
trol the quality of Sampo soundings. According to the high degree of repeatability be-
tween successive years, the quality of Sampo soundings is excellent despite the age of 
the device (manufactured in the late 1980s). 
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4 THE LAYER-MODEL INTERPRETATIONS 
 
4.1 Station selection 
 
Eight stations were selected for layer-model interpretation. Figure 4 shows the selected 
stations. Data from these stations is mostly of good quality, spans the entire monitoring 
period 2004–2011, and indicates some kind of annual changes. It is presumed that the 
annual changes present in the data are not caused by changes in the infrastructure but 
represent actual changes in the electrical properties of the bedrock. 
 

 
 
Figure 4. Stations selected for layer-model interpretation. 
 

 
4.2 The a priori models 
 
For each of the selected stations, a priori layer models were deduced on the basis of 
prior geological and geophysical data. Most emphasis was placed on the hydrogeologi-
cal model of Olkiluoto (Vaittinen et al. 2011) because saline groundwater that flows in 
permeable zones is the only factor that can be deemed to change the electrical properties 
of crystalline bedrock. The hydrogeological zones contained in the hydrogeological 
model are the most likely conduits for groundwater and are typically also associated 
with electrically conductive graphite and sulphide bearing zones making them a valid 
basis for deducing the conductive layers of the a priori models with or without changes 
in groundwater conditions. In addition to the hydrogeological model, drill hole data (see 
e.g. Vaittinen et al. 2005) and the electrical model of Olkiluoto (Paananen et al. 2007) 
were also considered when deducing the conductive layers of the a priori models. 
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The intersections of the hydrogeological zones with a vertical line through a measure-
ment station were taken as the conductive layers in the a priori model for that station 
(see Figure 5). The complex near-surface conductivity structures present in drill hole 
data were also included in the a priori models. Table 2 presents the conductive layers 
included in the a priori models. 
 

 
 
Figure 5. A North-South view of the hydrogeological model of Olkiluoto. The green 
plate-like bodies are the hydrogeological zones, the dark green lines with red, yellow 
and green sections are drill holes with resistivity data, and the red lines are the vertical 
lines drawn through the measurement stations. 
 
4.3 The interpretation procedure 
 
Layer-model interpretation was carried out using specialized software capable of find-
ing the optimal layer model using the Levenberg-Marquardt non-linear optimization 
method (Sipola 2002). The objective function minimized by the software quantifies the 
distance between the measured and calculated wave tilts. The software restricts the 
number of layers to the maximum of ten layers. 
 

 
Table 2. The conductive layers of the a priori models deduced from the hydrogeological 
model of Olkiluoto (Vaittinen et al. 2011), drill hole data (see e.g. Vaittinen et al. 2005) 
and the electrical model of Olkiluoto (Paananen et al. 2007). HZ is hydrogeological 
zone, OL-KR indicates a drill hole, and OL-RES indicates an electrically conductive 
zone interpreted from resistivity data. 
 
Measurement  

station 
Conductor depth

 [m] 
Conductor description 

K50400/L10000 

114–127 Based on HZ146 

148–160 
Conductor from OL-KR27 at ca. 82–97 m 
extrapolated underneath the station 

590–620 Based on HZ20B 
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Measurement  
station 

Conductor depth
 [m] 

Conductor description 

981–983 Based on HZ21 

K50600/L10000 

45–56 Based on HZ146 

93–105 
Conductor from OL-KR27 at ca. 82–97 m 
extrapolated underneath the station 

235–237 Based on HZ19C 
580–610 Based on HZ20B 
940–942 Based on HZ21 

K50400/L10200 

73–85 
Conductor from OL-KR27 at ca. 82–97 m 
extrapolated underneath the station 

108–170 Based on HZ19A and HZ19C 
249–251 Based on HZ19B 
440–530 Based on HZ20A and HZ20B 
926–928 Based on HZ21 

K50600/L10200 

45–60 
Conductor from KR27 at ca. 82–97 m 
extrapolated underneath the station 

100–160 Based on HZ19A and HZ19C 
204–210 Based on HZ19B 
445–505 Based on HZ20A and HZ20B 
885–887 Based on HZ21 

K50400/L11000 

30–100 
Based on a complicated conductive zone near the 
ground surface present in drill hole data 

180–220 Based on HZ20A and HZ20B 
283–300 Based on OL-RES-002 
615–700 Based on HZ21 
774–780 Based on HZ21B 

K50600/L11000 

30–100 
Based on a complicated conductive zone near the 
ground surface present in drill hole data 

135–155 Based on HZ20A 
191–200 Based on OL-RES-002 
615–720 Based on HZ21 and HZ21B and HZ99 
840–1040 Based on a deep conductor present in drill hole data 

K50400/L11200 

30–100 
Based on a complicated conductive zone near the 
ground surface present in drill hole data 

100–105 Based on HZ20A 
219–230 Based on OL-RES-002 
625–680 Based on HZ21 and HZ21B and HZ99 
770–960 Based on a deep conductor present in drill hole data 

K50600/L11200 

30–94 
Based on a complicated conductive zone near the 
ground surface present in drill hole data 

94–99 Based on HZ20A 
124–137 Based on OL-RES-002 
510–610 Based on HZ21 and HZ21B and HZ99 
770–960 Based on a deep conductor present in drill hole data 

 
 

The interpretation of the soundings carried out at a particular station using a particular 
coil separation was started by first constructing the a priori layer model using the de-
duced conductive layers listed in Table 2. In some cases two adjacent conductive layers 
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had to be combined into a single conductive layer due to the ten-layer restriction im-
posed by the software. 
 
Then the suitability of the a priori layer model was tested by fitting it to the observed 
data by letting the resistivities change but keeping the layer thicknesses fixed. In some 
cases, an acceptable fit could not be achieved and the a priori layer model had to be ad-
justed. In some cases additional layers had to be added to the a priori model and in some 
cases layers had to be removed from the a priori model to achieve an acceptable fit. 
More specifically, in some cases an additional conductive layer was added to the top to 
model the effects of conductive overburden (the resistivity of the overburden varies 
from one year to another due to variable moisture content). And in few cases, an addi-
tional conductive middle layer was added. Once a suitable layer model was found, a few 
rounds of iteration were carried out to finalize the model by freeing the layer thick-
nesses and letting them better adjust to the observed data. 
 
Finally, the actual interpretation was started by initialising the finalized layer model 
with the same resistivity values for each successive year. Then, keeping the layer thick-
nesses fixed, iteration was carried out letting the resistivities change until an acceptable 
fit to the observations was achieved. This guarantees that the interpretations of the 
soundings carried out at a particular station at adjacent years are independent of each 
other.  
 
4.4 The results 
 
The results of the interpretations are shown in Appendices B1–B8 as wave tilt curves 
(|Hz/Hr|) at top left, apparent resistivity curves at top right, and time series plots of in-
terpreted resistivities at bottom (conductive layers are plotted using red and resistive 
layers using blue; linear trends are plotted using green lines). In absence of a better met-
ric for the goodness of fit, the root mean square error (RMSE) is used. The RMSE is 
given by 
 

 





N

i

ii

N

fW

1

2|);F(|log||log
)RMSE(

x
x , 

 
where x is the model (a vector of layer-model parameters), Wi are the observed wave 
tilts, F is the layer-model response, fi are the measured frequencies, and N is the number 
of frequencies measured. 
 
 
4.4.1 Station K50400/L10000 
 
The soundings carried out at Station K50400/L10000 are of high quality (see Appendix 
A1). Figure 6 shows the a priori layer model and the actual layer models that were used 
to interpret the 200-m, 500-m and 800-m coil-separation soundings. 
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Figure 6. The a priori model for Station K50400/L10000 and the actual layer models 
used to interpret the 200-m, 500-m and 800-m coil-separation soundings. 
 
The 200-m and 500-m coil-separation soundings required an additional overburden 
layer to achieve a good fit. Also, an additional conductive middle layer at ca. 300–325 
m had to be added to the 200-m, 500-m and 800-m coil-separation models to achieve a 
good fit. The addition of the middle layer can be justified because it is located on the 
extension of the hydrogeological zones HZ19B and HZ19C. 
 
The two deepest a priori model layers were omitted from the 200-m coil-separation 
model because the data could not be used to resolve them. The two top-most conductive 
layers of the a priori model had to be combined into a single conductive layer for the 
500-m and 800-m coil-separation models because of the ten-layer restriction. 
 
The results of the interpretations are shown in Appendix B1. The fits are mostly good in 
the cases of the 200-m and 500-m coil-separation soundings while they are not as good 
in the case of the 800-m coil-separation soundings. 
 
The 1st conductive layer of the 500-m coil-separation-sounding interpretations indicates 
a statistically significant annual increase of ca. 330 m in resistivity. (The statistical 
significance is calculated for the 95% significance level.) The conductive layers of the 
200-m and 800-m coil-separation-sounding interpretations indicate no statistically sig-
nificant trends in resistivity. 
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4.4.2 Station K50600/L10000 
 
The soundings carried out at Station K50600/L10000 are of high quality in the case of 
the 200-m coil-separation soundings but of lower quality in the cases of the 500-m and 
800-m coil-separation soundings (see Appendix A2). Especially, the 500-m coil-
separation soundings indicate an increasing degree of distortion and could not be inter-
preted using layer models. 
 
Figure 7 shows the a priori layer model and the layer models that were used to interpret 
the 200-m and 800-m coil-separation soundings. The 200-m coil-separation soundings 
required an additional overburden layer to achieve a good fit. The a priori model layers 
below 400 meters were omitted from the 200-m coil-separation model because the data 
could not be used to resolve them. The two top-most conductive layers of the a priori 
model had to be combined into a single conductive layer for the 800-m coil-separation 
model because of the ten-layer restriction. 
 

 
 
Figure 7. The a priori model for Station K50600/L10000 and the actual layer models 
used to interpret the 200-m and 800-m coil-separation soundings. 
 
The results of the interpretations are shown in Appendix B2. The fits are mostly good. 
However, some of the 800-m coil-separation soundings cannot be interpreted well by 
simple layer models. 
 
Almost every conductive layer of the 200-m and 800-m coil-separation-sounding inter-
pretations indicates an annual increase in resistivity. However, the trends are statisti-
cally non-significant and only minor. 
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4.4.3 Station K50400/L10200 
 
The soundings carried out at Station K50400/L10200 are of high quality with the excep-
tion of the failed 800-m coil-separation sounding from 2006 (see Appendix A3). Figure 
8 shows the a priori layer model and the layer models that were used to interpret the 
200-m, 500-m and 800-m coil-separation soundings. 
 

 
 
Figure 8. The a priori model for Station K50400/L10200 and the actual layer models 
used to interpret the 200-m, 500-m and 800-m coil-separation soundings. 
 
The 200-m coil-separation soundings required an additional overburden layer to achieve 
a good fit. The deepest a priori model layer was omitted from the 200-m coil-separation 
model because the data could not be used to resolve deep layers. The two top-most con-
ductive layers of the a priori model had to be combined into a single conductive layer 
for the 500-m and 800-m coil-separation models because of the ten-layer restriction. 
 
The results of the interpretations are shown in Appendix B3. The fits are good in the 
cases of the 500-m and 800-m coil-separation soundings. However, the fits are not as 
good in the case of the 200-m coil-separation soundings which cannot be interpreted 
well with simple layer models. 
 
Every conductive layer of the 200-m coil-separation-sounding interpretations indicates a 
statistically significant annual increase in resistivity. The trends range from 11 m/a to 
180 m/a. The conductive layers of the 500-m and 800-m coil-separation-sounding in-
terpretations indicate only small or statistically non-significant trends in resistivity. 
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4.4.4 Station K50600/L10200 
 
The soundings carried out at Station K50600/L10200 are of high quality in the case of 
the 200-m coil-separation soundings but not in the cases of the 500-m and 800-m coil-
separation soundings (see Appendix A4). The 500-m coil-separation soundings were 
dropped from the monitoring programme in 2009. 
 
Figure 9 shows the a priori layer model and the layer models that were used to interpret 
the 200-m and 800-m coil-separation soundings. The 200-m coil-separation soundings 
required an additional overburden layer to achieve a good fit. The deep conductor in the 
a priori model was omitted from both the 200-m and 500-m coil-separation models be-
cause there was not enough data to resolve it. 
 

 
 
Figure 9. The a priori model for Station K50600/L10200 and the actual layer models 
used to interpret the 200-m and 800-m coil-separation soundings. 
 
The results of the interpretations are shown in Appendix B4. The fits are fairly good. 
However, for some years a simple layer model fails to provide a good fit to the sound-
ings. 
 
The 2nd conductive layer of the 800-m coil-separation-sounding interpretations indi-
cates a statistically significant annual decrease of 17 m in resistivity. The conductive 
layers of the 200-m coil-separation-sounding interpretations indicate no statistically sig-
nificant trends in resistivity. 
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4.4.5 Station K50400/L11000 
 
The 200-m coil-separation soundings carried out at Station K50400/L11000 are of high 
quality while the 500-m and 800-m coil-separation soundings were dropped from the 
monitoring programme in 2009 (see Appendix A11). Figure 10 shows the a priori layer 
model and the layer model that was used to interpret the 200-m coil-separation sound-
ings. An additional overburden layer was required to achieve a good fit. The two deep 
conductors in the a priori model were omitted because there was not enough data to re-
solve them. 
 

 
 
Figure 10. The a priori model for Station K50400/L11000 and the actual layer model 
used to interpret the 200-m coil-separation soundings. 
 
The results of the interpretations are shown in Appendix B5. The fits are good prior to 
2007. However, starting from 2007, simple layer models do not provide good fits to the 
observed data. 
 
All the conductive layers of the interpretations indicate an annual increase in resistivity. 
However, the trends are only minor and statistically non-significant. 
 
4.4.6 Station K50600/L11000 
 
The soundings carried out at Station K50600/L11000 (see Appendix A12) are of high 
quality in the case of the 500-m coil-separation soundings while the 200-m coil-
separation soundings are of fairly good quality. The 800-m coil-separation soundings 
were dropped from the monitoring programme in 2009 due to their low quality. 
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Figure 11 shows the a priori layer model and the layer models that were used to inter-
pret the 200-m and 500-m coil-separation soundings. The 200-m coil-separation sound-
ings required an additional overburden layer to achieve a good fit. The deep conductor 
in the a priori model was omitted from the 200-m coil-separation model because there 
was not enough data to resolve it. 
 

 
 
Figure 11. The a priori model for Station K50600/L11000 and the actual layer models 
used to interpret the 200-m and 500-m coil-separation soundings. 
 
The results of the interpretations are shown in Appendix B6. The fits are mostly bad. 
Again, simple layer models fail to provide a good fit to the observed data. 
 
The 4th and 5th conductive layers of the 200-m coil-separation-sounding interpretations 
indicate an annual decrease in resistivity. However, the decreases are only ca. 10 m/a, 
and only the latter is statistically significant. The 3rd and 4th conductive layers of the 
500-m coil-separation-sounding interpretations indicate a statistically significant annual 
decrease in resistivity. The trends are around 30-40 m/a. 
 
4.4.7 Station K50400/L11200 
 
The 200-m and 500-m coil-separation soundings carried out at Station K50400/L11200 
are of high quality whereas the 800-m coil-separation soundings were dropped from the 
monitoring programme in 2009 due to their low quality (see Appendix A13). Figure 12 
shows the a priori layer model and the layer models that were used to interpret the 200-
m and 500-m coil-separation soundings. The 200-m coil-separation soundings required 
an additional overburden layer to achieve a good fit. The two deep conductors in the a 
priori model were omitted from the 200-m coil-separation model because there was not 
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enough data to resolve it. Similarly, the top-most conductor was omitted from the 500-
m coil-separation model because there was no data to constrain it. 
 

 
 
Figure 12. The a priori model for Station K50400/L11200 and the actual layer models 
used to interpret the 200-m and 500-m coil-separation soundings. 
 
The results of the interpretations are shown in Appendix B7. The fits are mostly fairly 
good. 
 
The conductive layers of the interpretations indicate only small or statistically non-
significant trends in resistivity. 
 
 
4.4.8 Station K50600/L11200 
 
The soundings carried out at Station K50600/L11200 are of high quality (see Appendix 
A14). Figure 13 shows the a priori layer model and the layer models that were used to 
interpret the 200-m, 500-m and 800-m coil-separation soundings. 
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Figure 13. The a priori model for Station K50600/L11200 and the actual layer models 
used to interpret the 200-m, 500-m and 800-m coil-separation soundings. 
 
Both the 200-m and 500-m coil-separation soundings required an additional overburden 
layer to achieve a good fit. An additional middle layer was required to achieve a good 
fit in the cases of the 200-m and 500-m coil-separation soundings. This layer can be jus-
tified on the basis that it is located approximately on the extension of the hydrogeologi-
cal zone HZ056. Furthermore, conductive sections extrapolated from the drill hole OL-
KR33 are also located approximately at the depth range of the added conductor. 
 
Some of the deep layers in the a priori model were omitted from the models used to in-
terpret the 200-m and 500-m coil-separation soundings because there was not enough 
data to resolve such deep layers. Also, the two top-most conductive layers of the a priori 
model were omitted from model that was used to interpret the 800-m coil-separation 
soundings because there was not enough data to constrain it. 
 
The results of the interpretations are shown in Appendix B8. The fits are fairly good in 
the cases of the 200-m and 500-m coil-separation soundings. However, the 800-m coil-
separation soundings cannot be interpreted well with simple layer models. 
 
The 2nd and 3rd layers of the 200-m coil-separation-sounding interpretations indicate 
an annual decrease in resistivity. The trends are 50 m/a, and 11 m/a; the latter being 
statistically significant. Each conductive layer of the 500-m and 800-m coil-separation-
sounding interpretations indicates a statistically an annual decrease in resistivity. How-
ever, only the trends appearing in the 800-m coil-separation sounding interpretations are 
statistically significant. The trends range from 6 to 114 m/a. 
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5 SUMMARY AND CONCLUSIONS 
 
The Geological Survey of Finland continued the Olkiluoto Sampo monitoring pro-
gramme by carrying out a new monitoring survey in the autumn of 2011. During the 
survey, 39 soundings were carried out at 17 different stations. At present, the full moni-
toring data set spans 8 years from 2004 to 2011. 
 
The complete data set along with a new layer-model interpretation of 8 stations is pre-
sented in this report. Soundings carried out at most stations indicate annual changes. 
However, the stations furthest away from the ONKALO excavation site do not indicate 
changes. These stations can be used to assess the quality of Sampo soundings, which is 
very high based on the high degree of annual repeatability at these stations. 
 
The layer models used in the new interpretations are based on prior geological and geo-
physical data. As the only feasible factor affecting the electrical properties of the bed-
rock is saline groundwater flowing in permeable zones, most emphasis was put on the 
hydrogeological model of Olkiluoto. The hydrogeological model represents hydrauli-
cally permeable zones which formed the basis of the a priori layer models. After some 
adjustments to the a priori models, the annual soundings carried out at each of the 8 sta-
tions were interpreted using the adjusted models. The resistivities were allowed to 
change while the thicknesses were kept fixed. 
 
In many cases, simple layer models failed to provide a good fit to the observed data. 
Even though the data were carefully corrected for the effects of tilting, tilt correction 
remains problematic because in many cases there are insufficient data to estimate the tilt 
angle directly. The results of the interpretations display a significant amount of inter-
annual variability. The uncertainties arising from the layered-earth assumption, tilt cor-
rection and electromagnetic noise make it difficult to conclude whether the variability 
actually signify changes in the electrical properties of the bedrock due to movements of 
saline groundwater. 
 
All conductive layers of the interpretations of the 200-m coil-separation soundings from 
Station K50400/L10200 indicate a statistically significant annual increase in resistivity 
(see Appendix B3). Similarly, all conductive layers of the interpretations of the 200-m 
coil-separation soundings from Stations K50400/L11000 and K50600/L10000 indicate 
an annual increase in resistivity which is mostly statistically not-significant and only 
minor at Station K50600/L10000 (see Appendices B2 and B5). Moreover, a similar 
consistent and statistically significant annual increase is not found in the interpretations 
of the 500-m and 800-m coil-separation soundings from those stations. 
 
The interpretations of the 200-m, 500-m and 800-m coil-separation soundings from Sta-
tions K50600/L11000 and K50600/L11200 contain many conductive layers that indi-
cate a consistent annual decrease in resistivity. However, not all interpreted trends are 
statistically significant, and most of them are only minor. 
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APPENDIX A RESULTS OF THE SOUNDINGS 

Appendix A1 Station K50400/L10000 
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Appendix A2 Station K50600/L10000 
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Appendix A3 Station K50400/L10200 
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Appendix A4 Station K50600/L10200 
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Appendix A5 Station K50400/L10400 
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Appendix A6 Station K50600/L10400 
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Appendix A7 Station K50400/L10600 
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Appendix A8 Station K50600/L10600 
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Appendix A9 Station K50400/L10800 
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Appendix A10 Station K50600/L10800 
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Appendix A11 Station K50400/L11000 
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Appendix A12 Station K50600/L11000 
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Appendix A13 Station K50400/L11200 
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Appendix A14 Station K50600/L11200 
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Appendix A15 Station K50400/L11400 
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Appendix A16 Station K50600/L11400 
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Appendix A17 Station K50400/L11500 
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Appendix A18 Station A 
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Appendix A19 Station B 
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Appendix A20 Station C 
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APPENDIX B RESULTS OF THE LAYER-MODEL INTERPRETATIONS 

Appendix B1 Station K50400/L10000 

 



 70 



 71 



 72 



 73 



 74 

 



 75 

Appendix B2 Station K50600/L10000 
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Appendix B3 Station  K50400/L10200
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Appendix B4 Station K50600/L10200 
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Appendix B5 Station K50400/L11000 
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Appendix B6 Station K50600/L11000 
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Appendix B7 Station K50400/L11200 
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Appendix B8 Station K50600/L11200 
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