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Abstract

Posiva Flow Log/Difference Flow method can be used for relatively fast determination
of hydraulic conductivity and hydraulic head in fractures or fractured zones in cored
boreholes. This report presents the principles of the method as well as the results of the
measurements carried out in borehole KOV01 at Oskarshamn in February and March
2001.

The aim of the measurements presented in this report was to determine the depth and
flow rate of flowing fractures in borehole KOV01 prior to groundwater sampling.

The measurements in borehole KOV01 were carried out between 100−1000 m depth
using the so called detailed flow logging mode; the flow rate into a 5 m long test section
was measured. Detailed flow logging was repeated at the location of the detected flow
anomalies using 0.5 m section length and 0.1 m point intervals. The borehole was
pumped during these measurements.

The occurrence of saline water in the borehole was studied by electric conductivity
measurements. The flow guide encloses also an electrode for measuring of single point
resistance of the bedrock. It was measured with 0.01 m point intervals during the
detailed flow logging.

Depth calibration was made on the basis of the known depth marks in the borehole. The
depth marks were detected by caliper measurements and by single point resistance
measurements.
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1 Introduction

The measurements were carried out in borehole KOV01 at Oskarshamn in February and
March 2001. Borehole KOV01 is about 1000 m deep and its inclination is about 80
degrees. The diameter below 100 m depth is about 76 mm and greater above 100 m.
The flow measurements were done between 100 m and 1000 m depth.

The aim of the measurements was to determine the depth and flow rate of flowing
fractures prior to groundwater sampling. It is important that the natural groundwater
conditions are kept as undisturbed as far as possible. The occurrence of saline water in
the borehole because of pumping was studied by electric conductivity (EC)
measurements.

The field work was conducted by PRG-Tec Oy. The Posiva Flow Log/Difference Flow
method has been used previously in Posiva’s site characterisation in Finland as well as
at Äspö Hard Rock Laboratory. Borehole KLX02 in Laxemar has also been measured
using the Posiva Flow Log /Rouhiainen, 2000/.
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2 Principles of measurement and operation

The Posiva Flow Log consists of the Transverse flowmeter and the Difference
flowmeter. Only the Difference flowmeter is discussed in this report.

Ordinary borehole flowmeters measure the accumulated flow along the borehole.
However, the incremental changes of flow along the borehole are generally very small
and can easily be missed unless they are measured directly. The name “Difference
flowmeter” comes from the fact that this flowmeter directly measures differences of
flow along the borehole. These differences of flow are seepage from the bedrock into
the borehole or flows from the borehole into the bedrock.

With the flow guide the Difference flowmeter, the flow into or out from the borehole in
the test section is the only flow that passes through the flow sensor. Flow along the
borehole outside the test section is directed so that it does not come into contact with the
flow sensor. A set of rubber disks is used at both ends of the equipment to isolate the
test section from the borehole. These guide the flow to be measured, see Figure 2-1.

The Difference flowmeter can be used in two modes, in normal and detailed flow
logging modes. The normal mode is used for determination of hydraulic conductivity
and head /Öhberg and Rouhiainen, 2000/. The detailed mode is mostly used to deter-
mine the exact location of hydraulically conductive fractures and to classify them by
flow rates.

In the normal mode, the flow rate is measured by thermal pulse and thermal dilution
method. In the detailed mode, only thermal dilution method is used. The thermal pulse
and thermal dilution methods have to be calibrated to known flow rates. The flow rates
for calibration are measured by a weighing machine.�The points obtained by calibration
are plotted on the scale where y-axis is flow rate and x-axis is transfer time (thermal
pulse) or increase of temperature (thermal dilution). A calibration function is fitted to
these points. In both cases these functions are the form of:

Y = a×exp(-b×X)+c×exp(-d×X)+e×exp(-f×X)+... ,

where a, b, c … are chosen for the best fit to the calibration points.

The flow sensor was originally calibrated on November 10, 2000. The calibration was
checked on January 26, 2001. The calibration functions were not changed on the basis
of this checking.

The EC electrode was calibrated on November 10, 2000 to known concentrations of
NaCl.

The detailed flow logging was used in this study. It was used while the borehole was
pumped. The length of the test section was 5 m in this study and the spacing between
two sequential test sections was 0.5 m. The observed flow anomalies were double-
checked using a 0.5 m long test section and a spacing of 0.1 m.
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Electric conductivity (EC) of borehole water was measured before and after detailed
flow logging while the borehole was at rest (no pumping). The occurrence of saline
water in the borehole was monitored using the EC measurements.

For the measurement of EC from fracture-specific water, the borehole is pumped so that
the flow direction is always from the fractures into the borehole. Both electric
conductivity and temperature of flowing water from the fractures are measured
/Rouhiainen, 1999/. In this study fracture specific water was measured at some depths.

Figure 2-1.  Schematic of the downhole equipment used in the Difference flowmeter.
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The single point resistance measurement (grounding resistance) is another parameter
that is possible to measure with the flowmeter tool. The electrode of the single point
resistance tool is located within the upper rubber disks, see Figure 2-1. This sensitive
method is used for high resolution depth determination of fractures and geological
structures. In this study it was also used for detection of the depth marks drilled on the
wall of the borehole.
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3 Equipment specifications

Posiva Flow Log/Difference flow method monitors the flow of groundwater into or out
from a borehole by means of a flow guide (discs). That is, the flow guide defines the
test section to be measured but does not alter the hydraulic head. Groundwater flowing
into or out from the test section is guided to the flow sensor. Flow is measured using the
thermal pulse and/or thermal dilution methods. Measured values are sent in digital form
to the PC computer /Rouhiainen and Pöllänen, 1998/.

Type of instrument: Posiva Flow Log/Difference Flowmeter

Borehole diameters: 56 mm, 66 mm and 76 mm.

Length of test section: A variable length flow guide is used.

Method of flow measurement: Thermal pulse and/or thermal dilution.

Range of measurement: 2–5000 ml/min with thermal dilution

Additional measurements: Temperature, single point resistance,
conductivity of water

Winch: Mount Sopris Wna 10, 0.55 kW,
220V/50Hz. Steel wire cable 1450 m, four
conductors, Gerhard-Owen cable head.

Depth determination Based on the marked cable and on
the digital depth counter.

Logging computer: PC, Windows 95

Software Based on MS Visual Basic

Total power consumption: 1.5–2.5 kW depending on the pumps

Calibrated January 2001

Method of calibration Field calibration unit

Calibration of cable Using depth marks in the borehole
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4 Results

4.1 Field work
The field work was done in the borehole KOV01 in February and March 2001. The
activity schedule is presented in Table 4-1. Electric conductivity of borehole water was
first measured while the borehole was at rest (no pumping). Pumping was then started
again and the detailed flow logging was carried out (section length 5 m, step 0.5 m)
between 100–1000 m depth.

Depth marks had been previously drilled on the borehole wall. They were measured
using a caliper tool connected to the cable of the flowmeter.

The detailed flow logging was then continued, i.e. the previously measured flow
anomalies were double checked with 0.5 m section length and 0.1 m step. The tool got
stuck during this measurement. Pumping was stopped for three days. During this time
groundwater recovery was measured.

After the tool was unfastened a second set of borehole EC was measured during lifting.
Pumping was then started again and the detailed flow logging with the shorter section
length was finished.

Table 4-1. Detailed flow logging and testing in KOV01. Activity schedule.
____________________________________________________________________________

Started Finished Activity
____________________________________________________________________________

27.2.2001 ���� 27.2.2001 ����� Borehole EC without pumping.

28.2.2001 1���� 1.3.2001 ����� Detailed flow logging (section 5 m, step
0.5 m) 100–1000 m.

2.3.2001 ����� 2.3.2001 �	��� Depth calibration of the logging cable.

3.3.2001  �
��� 4.3.2001 ���� Detailed flow logging (section 0.5 m, step
0.1 m) 650–680 m and 750–931 m.
The tool got stuck during lifting at the
depth of 916.4 m.

4.3.2001 ����� 6.3.2001 ����� Groundwater recovery measurements.

5.3.2001 ���� 7.3.2001 ���� Rescue operation.

7.3.2001 ���� 7.3.2001 �	��� Borehole EC without pumping during
lifting.

7.3.2001 ����� 8.3.2001 ����� Detailed flow logging (section 0.5 m, step
0.1 m) 102–227 m and 387–470 m.

____________________________________________________________________________
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4.2 Electric conductivity
4.2.1 Borehole EC

Borehole EC was first measured before pumping the borehole both downwards and
upwards, see Appendix 2.1. After the rescue operation borehole EC was measured a
second time, see Appendix 2.1. These two measurements were carried out while the
borehole was at rest (no pumping), although the borehole had been pumped several days
prior to the second measurement, see Table 4-1.

Another difference between the two measurements was that the first set of measure-
ments was carried out without the lower rubber disks while the second measurement
was done with the lower rubber disks in place. The measuring geometry in the first
measurement is much more representative to borehole water since the flow guide in its
normal configuration (with both upper and lower rubber disks) may carry water with it
making the results less representative, especially if the section length is long.

Temperature of borehole water was measured during the EC measurements. The EC
values are temperature corrected to 25 °C to make them more comparable with other EC
measurements.

Borehole EC (Appendix 2.1 triangles) is between 0.5–0.6 S/m above 140 m where there
is a transition zone to about 2 S/m. There is a large fresh water anomaly between about
800 and 900 m. It is unlikely that this represent water condition in the bedrock at this
depth. The borehole was flushed with fresh water during the drilling and these EC
measurements were carried out as a first measurement after drilling. There were no clear
flowing fractures below the depth of 660 m, see Appendix 1. Flushing water can stay a
long time at the bottom of an impermeable borehole.

Borehole EC measurements were repeated after pumping period (four days) and non
pumping period (three days), see Appendix 2.1 crosses. As mentioned earlier, this
measurement is not as reliable as the previously done because both upper and lower
rubber disks were used. However some changes compared with the earlier EC results
can be seen. The bottom of the borehole (below 450 m) is more saline although the
fresh water anomaly is still visible. There is a large fresh water anomaly between 100 m
and 170 m. Fresh water had probably entered into the borehole from the fractures at the
depth of 137.9 m, 146.0 m and 151.6 m, see Appendices 1.2 and 1.3.

4.2.2 Fracture specific EC

EC was measured also during the detailed flow logging. The results of these measure-
ments are presented in Appendix 2.2. “Noise” in the results is caused by the flow guide
carrying water with it along the borehole since both upper and lower rubber disks were
used. This geometry is not good for measurement of borehole water but it is well
adapted to measurement of fracture specific water.

For measurement of fracture specific EC, the flow guide is stopped on a flowing
fracture. The target fracture can be found on the basis of the measured flow rate. Flow
rate determines also measuring time on a given fracture. EC measuring time is usually
chosen so that the water volume within the section was flushed at least three times. The
minimum measuring time, 700 seconds, was in this case enough to fulfil this criteria.
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Electric conductivity of fracture-specific water was measured from selected fractures at
the depths of 658.07 m, 445.93 m, 145.97 m, 145.57 m and 137.47 m. The last point in
these measurements is the most representative result of fracture specific water, black
crosses in Appendix 2.2. EC from the deepest fracture (658.07 m) is slightly more saline
than the borehole water at the same depth while the rest fracture specific waters are less
saline than borehole water at the same depth.

EC transients as a function of time at these depths are presented in Appendices 3.1–3.2.
The result at the depth of 146.97 m is more noisy than results at the other depths. Gas
bubbles in measured water is a probable reason of noise.

4.3 Temperature of borehole water
Temperature of borehole water was measured simultaneously with the EC measure-
ments. The temperature results in Appendix 4 correspond to the EC results in Appendix
2.1. The three temperature results are similar except some dependence on the direction
of measurement, especially above 50 m. The tool contains steel parts that can carry heat
when moving along the borehole.

4.4 Detailed flow logging
The detailed flow logging was performed with a 5 m section length and with 0.5 m
depth increments, see Appendices 1.1–1.45. The method gives the depth and the
thickness of the conductive zones with a depth resolution of 0.5 m. To make measure-
ments more quickly, only the thermal dilution method is used for flow determination.
The test section length determines the width of a flow anomaly of a single fracture. If
the distance between flowing fractures is less than the section length, the anomalies will
be overlapped resulting in a stepwise flow anomaly. The detailed flow logging was
repeated in the vicinity of identified flow anomalies using a 0.5 m long test section and
a spacing of 0.1 m.

The depths of flowing fractures are marked with lines in the appendices of the detailed
flow logs. Long line represents the depth of a leaky fracture, short line denotes that the
existence of a leaky fracture is uncertain.

There was an increased noise level during detailed flow logging in some part of bore-
hole. Some small flows may be missing because of the increased noise level. One
possible reason for the increased noise level is gas. The noise level may also increase if
the water contains small solid particles like drilling cuttings.

The electrode of the single point resistance tool is located within the upper rubber disks.
Thus the depth of the resistance anomalies of the leaky fractures fit with the lower part
of the flow anomalies.
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Figure 4-1. Water level in the borehole during the detailed flow logging (vertical depth below zero
depth).
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Figure 4-2. Pumping rates during the detailed flow logging.
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There is a level difference between the two detailed flow loggings. At some depths
resistance of 5 m measurement is larger than resistance of 0.5 m measurement. Level of
single point resistance depends among others on EC of borehole water. This seems to
explain the difference, see Appendix 2.2.

Water level in the borehole during the detailed flow logging (during pumping) is
presented in Figure 4-1. Zero depth is the same reference level as in all other depth
scales. The undisturbed water level is a little higher than zero depth, see the recovery
curve, Appendix 5. The aim was to keep drawdown constant during the flow
measurements.

Pumping rate was measured, see Figure 4-2. It showed a decreasing trend from the
beginning of each pumping period, changing from about 1.6 l/min to 1.4 l/min. This can
be compared with the summed up flow result from of detailed flow measurements from
the entire borehole. The sum is about 1.3 l/min.

4.5 Groundwater recovery
Groundwater recovery was measured during the rescue operation. Results of these
measurements are presented in Appendix 5-1.

4.6 Depth calibration
Depth marks were drilled in the borehole for depth calibration of various logging tools.
The depth marks in the borehole make it possible very accurate correction because the
cable can be calibrated in the borehole to be measured.

Each mark includes two 20 mm wide tracks on the borehole wall. Distance between the
tracks is 100 mm. The upper track of these two represents the reference level.

Depth marks were logged using a caliper probe provided by SKB. The caliper tool was
attached to the flowmeter cable. The depth marks were clearly visible in the caliper
results, see Appendices 6.1–6.12. Only the results near the borehole depth marks are
presented.

During the caliper logging, water leaked between the cable head and the cable connector
of the caliper probe. Because of that signal level decreased below 238 m during the
caliper measurements, see Appendix 6.

Depth marks can also be seen in single point resistance results of the flowmeter. Results
of these measurements are presented in Appendices 6.1–6.12. These results were chosen
for the basis of flowmeter depth calibration because they were made during the flow
measurement. Cable tension is therefore more correct than during the caliper measure-
ment that was a separate measurement without the flowmeter tool.
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Figure 4-3. Depth correction using depth marks in the borehole.

Single point resistance tool sees a low resistance when one of the upper rubber disks
hits a depth mark track. There are four rubber disks at the upper end of the section. The
single point electrode is between the two middle rubber disks.

The depth reference is the upper end of the section that is the same as the lowest one of
the four upper rubber disks. The point where the lowest rubber disks hits the upper one
of the two tracks is presented as a line in Appendices 6.1–6.12.

The first borehole depth mark is at the depth of 153 m. The flowmeter sees it at the
depth of 153.03 m, see Appendix 6.1. The error or correction at this depth is then 0.03
m, see Figure 4-3. The correction in Figure 4-3 shows the error that is left after normal
depth correction (“Corrected depth 1”). All other points in Figure 4-3 are obtained in the
same way.

Cable depth of the flowmeter is based on depth marks attached on the cable. An optical
sensor at the winch can detect these cable marks. A cable counter is used for depth
measurement between the cable marks.

 “Corrected depth 1” is the normal correction that takes into account the distance from
the winch to the depth reference and a constant factor (2.6 m) that is the distance from
the cable zero reference to the upper end to the test section.

 “Corrected depth 2” can be calculated by subtracting the correction from  “Corrected
depth 1”. “Corrected depth 2” is then the final, borehole depth mark corrected depth.

Corrections between the borehole depth marks were obtained for each depth by linear
interpolation.
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5 Discussion and conclusions

In this study Posiva Flow Log/Difference Flow method with the detailed flow logging
mode has been used to determine the depth and flow rate of flowing fractures for
groundwater sampling. Measurements were done during pumping using 5 m section
length with 0.5 m depth increments. Measurements were also carried out using 0.5 m
section length with 0.1 m depth increments over flow anomalies. The movement of
saline water in the borehole was followed by electric conductivity measurements.

The measurements were performed right after drilling. The detailed flow logging was
used because it is fast way to find out base information of flowing fractures. On the
basis of these measurements there are only a few flowing fractures in the borehole
KOV01. The movement of saline water was small.

Depth calibration was made using depth marks in the borehole. Depth marks can be
seen from single point resistance results of flowmeter. Depth correction can be done
very exactly because single point resistance was measured at the same time as the flow
measurements.
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Single point resistance (ohm)

Oskarshamn, borehole KOV01
Detailed flow logging
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Single point resistance (ohm)

Oskarshamn, borehole KOV01
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Single point resistance (ohm)

Oskarshamn, borehole KOV01
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Single point resistance (ohm)

Oskarshamn, borehole KOV01
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Single point resistance (ohm)

Oskarshamn, borehole KOV01
Detailed flow logging
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Single point resistance (ohm)

Oskarshamn, borehole KOV01
Detailed flow logging
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Single point resistance (ohm)

Oskarshamn, borehole KOV01
Detailed flow logging
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Single point resistance (ohm)

Oskarshamn, borehole KOV01
Detailed flow logging
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Single point resistance (ohm)

Oskarshamn, borehole KOV01
Detailed flow logging
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Single point resistance (ohm)

Oskarshamn, borehole KOV01
Detailed flow logging
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Single point resistance (ohm)

Oskarshamn, borehole KOV01
Detailed flow logging
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Single point resistance (ohm)

Oskarshamn, borehole KOV01
Detailed flow logging
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Single point resistance (ohm)

Oskarshamn, borehole KOV01
Detailed flow logging
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Single point resistance (ohm)

Oskarshamn, borehole KOV01
Detailed flow logging
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Single point resistance (ohm)

Oskarshamn, borehole KOV01
Detailed flow logging
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Single point resistance (ohm)

Oskarshamn, borehole KOV01
Detailed flow logging
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Single point resistance (ohm)

Oskarshamn, borehole KOV01
Detailed flow logging
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Single point resistance (ohm)

Oskarshamn, borehole KOV01
Detailed flow logging
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Single point resistance (ohm)

Oskarshamn, borehole KOV01
Detailed flow logging
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Single point resistance (ohm)

Oskarshamn, borehole KOV01
Detailed flow logging
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Single point resistance (ohm)

Oskarshamn, borehole KOV01
Detailed flow logging
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Single point resistance (ohm)

Oskarshamn, borehole KOV01
Detailed flow logging
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Single point resistance (ohm)

Oskarshamn, borehole KOV01
Detailed flow logging
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Single point resistance (ohm)

Oskarshamn, borehole KOV01
Detailed flow logging
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Single point resistance (ohm)

Oskarshamn, borehole KOV01
Detailed flow logging

1E+0 1E+1 1E+2 1E+3 1E+4 1E+5 1E+6

Flow rate (ml/h)

740

742

744

746

748

750

752

754

756

758

760

D
ep

th
 (m

)

0.01 0.10 1.00 10.00
Conductivity of water (S/m, 25 C )o

 

EC in the borehole (5.0 m section length)

 

5.0 m section length, 0.5 m steps
0.5 m section length, 0.1 m steps

758.4

 

EC in the borehole (0.5 m section length)

 

EC in the fracture (last)



Appendix 1.34

60

1E+1 1E+2 1E+3 1E+4

Single point resistance (ohm)

Oskarshamn, borehole KOV01
Detailed flow logging
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Single point resistance (ohm)

Oskarshamn, borehole KOV01
Detailed flow logging
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Single point resistance (ohm)

Oskarshamn, borehole KOV01
Detailed flow logging
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Single point resistance (ohm)

Oskarshamn, borehole KOV01
Detailed flow logging
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Single point resistance (ohm)

Oskarshamn, borehole KOV01
Detailed flow logging
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Single point resistance (ohm)

Oskarshamn, borehole KOV01
Detailed flow logging
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Single point resistance (ohm)

Oskarshamn, borehole KOV01
Detailed flow logging
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Single point resistance (ohm)

Oskarshamn, borehole KOV01
Detailed flow logging
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Single point resistance (ohm)

Oskarshamn, borehole KOV01
Detailed flow logging
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Temperature of borehole water
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