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Figure 7-9. The formation factors and apparent formation factors of samples 2 to 9.

7.10.2 Bias and precision of the measurements

Discussing the bias of the methods is difficult, as we cannot calibrate them against known data. In
Figure 7-10, the TEM formation factors obtained in part 2 are displayed together with the formation
factors obtained by through diffusion (TD) measurements using HTO as the tracer (see Table 4-1).

The TEM formation factors (as averaged for each sample) are on average a factor of 2.0 £ 1.8
(mean =+ standard deviation) larger than the TD formation factors. This indicates that it is unlikely
that the bias is larger than a factor of four, and likely that it is smaller. In case there is substantial
anion exclusion, the data are expected to deviate, which is discussed in subsection 7.10.4.

Based on measurements of the effective electro-osmotic mobility in /L6fgren and Neretnieks 2006/
it is estimated that the TEM formation factors are underestimated by a factor of about 10%, if the
sample was properly stabilized before the trace test (as in part 2). If the tracer test is run while the
pore water electrical conductivity is changing (as sometimes the case in part 1), the effect from
electro-osmosis is unknown.

The DC apparent formation factor overestimates on average the TEM formation factor 4.0 + 2.4 times.
However, this is partly due to surface conduction so the accuracy should be better than this.

The AC apparent formation factor obtained at 10 Hz overestimates the DC apparent formation
factor 1.16 + 0.16 times. The AC apparent formation factor obtained at 100 Hz overestimates the DC
apparent formation factor 1.18 = 0.15 times. The AC apparent formation factor obtained at 2,000 Hz
overestimates the DC apparent formation factor 1.21 + 0.07 times. It is interesting to note that if
increasing the frequency from 10 Hz up to 2,000 Hz, which is the frequency used in situ, this does
not induce significantly more data uncertainty.

The precision of the TEM method in part 2 can be assessed by taking the ratio of each TEM
formation factor and the average TEM formation factor for the specific sample. This gives 18 ratios
(18 TEM experiments were carried out) ranging from 0.77 to 1.22 with the standard deviation of
0.10. From this it can be said that data uncertainty due the precision is on the order of 10%, and is
thus shadowed by data uncertainty due to accuracy issues.

Concerning, representativity it can be said that only eight samples from both sites are studied, where-
fore the representativity may be limited. In addition, the samples measured upon are de-stressed.
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Figure 7-10. Comparing the TEM formation factors and HTO through diffusion (TD) formation factors.

7.10.3 Studying the F#*°/F; ratio

In Figure 7-11 the ratio of the apparent formation factor to the TEM formation factor in each separate
run is shown, in relation to the TEM formation factor. The legends representing the different ratios
are explained in the figure.

In Figure 7-11 one can see that the apparent formation factor is between 2 and 12 times larger than
the formation factor. The difference is more pronounced for samples of low formation factor. By
making some assumptions, it can be exemplified how much the apparent formation should over-
estimate the formation factor, assuming that Equation 3-9 is correct.

» The first assumption is that k; is constant for all rock, and that it is the same as that measured by
DC for sample 1 (k,=3.38-10 S/m). Surface conductivity measurements made on 82 samples
by /Ohlsson 2000, Lofgren 2004/ resulted in a range between 7-10 to 6-1075, indicating that
although «, differs for different samples, it differs within one order of magnitude. Furthermore,
our assumed «; values of 3.38:10 S/m is in the centre of that range. Although an empirical
correlation between «; and Fis suggested in /Lofgren 2004/, for the sake of simplicity we choose
a constant K,-value in this example.

» The second assumption is that k,, equals 0.9 S/m, which is a about the average electrical conduc-
tivity of the electrolytes used in part 2 of this study. This is also a fair estimate of the groundwater
electrical conductivity at the sites at repository depth (cf. Figure 4-11 of /Lofgren 2007/ for
boreholes KFMO01D and KFMO0SC).

The blue curve of Figure 7-12 shows the ratio of the modelled apparent formation factor and the
formation factor used as input to the model.

Of course, if modifying the assumptions within reasonable ranges, the curve would be somewhat
modified. This is done by assuming the highest and lowest value of k, measured in /Ohlsson 2000/
and /Lofgren 2004/, which is 6:107 and 7-10°% S/m, respectively. These latter k,-values give rise to
the red and green curves in Figure 7-12. What is important is that Figure 7-11 and Figure 7-12 share
similar features, even though Figure 7-11 displays higher ratios. It should be kept in mind that the
higher ratios of Figure 7-11 may be partly explained by anion exclusion.
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Figure 7-12. Modelled overestimation of the formation factor, if directly estimated from the apparent
formation factor; for a typical groundwater «,, of 0.9 S/m and surface conductivities of 7-107°, 3.38-10~°,
and 6-107° S/m.

There is the option to choose the above approach, based on Equation 3-9, to correct in situ apparent
formation factors obtained in the site investigations. Each of these apparent formation factors is
associated with a k,, and there are data on K, that can be used as generic data /e.g. Lofgren 2004/.
For the Forsmark site the in situ formation factor is thought to be on the order of 1-107 /Table 4-24,
Crawford 2008/. Figure 7-12 would imply large correction factors for in situ data. However, it is
not without associated uncertainty to extrapolate the information to in situ conditions. It should be
remembered that samples that in the laboratory feature low formation factors, as de-stressed, may
differ in geology from rock of the same in situ formation factor.
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7.10.4 Studying the effect of anion exclusion

The effect of anion exclusion can be studied by two approaches. The first approach is to compare the
TEM formation factors with the through diffusion (TD) formation factors previously obtained within
the site investigation program. This is a direct approach but the drawback is that it assumes that the
methods are directly comparable, and that the accuracy in both studies is good. Also, it assumes that
the samples have not been altered between measurements, and that the degree of saturation is similar
in both studies.

The second approach is correcting the apparent formation factors by Equation 3-9, and then directly
comparing the obtained formation factors with the obtained TEM formation factors. This is problem-
atic as the «;, of the individual samples has not been measured.

Comparing TEM formation factors and TD formation factors

In Figure 7-13, the TEM formation factors obtained in part 2 are displayed together with the forma-
tion factors obtained by through diffusion measurements using HTO as the tracer (see Table 4-1).

Due to anion exclusion, one would expect the TEM formation factors to be slightly lower than the
TD formation factors. However, as can be seen this is not always the case. Whether the difference
seen is due to some physical property or due to data uncertainty in any of the tracer test methods is
not known. What can be seen is that for none of the samples, a major effect of anion exclusion can
be seen. On average, for the Forsmark site (samples 2 to 5), the TEM formation factors are 96% of
the TD formation factors. For the Oskarshamn site (samples 6 to 9), the TEM formation factors are
larger that the TD formation factors, indicating that there is little ground for using these data for
estimating the effect of anions exclusion.

Correcting apparent formation factors and comparing with TEM formation factors

There are no sample specific data that would make this approach possible in a formal scene.
However, from comparing and Figure 7-11 and Figure 7-12, a few things can be said.

1. If there was no anion exclusion effect, one would not expect the F#?/TEM Fjratios in
Figure 7-11 to be larger than the modeled ones in Figure 7-12.

2. If the anion exclusion factor was major, say a factor of 10, one would expect the F/#?/TEM F;
ratios in Figure 7-11 to be much larger that the modeled ones in Figure 7-12.

A subjective estimate based on this comparison, and also on the comparison in Figure 7-13, is that
anion exclusion reduces the effective diffusivity by a few factors at the most. It is recognized that
from the laboratory results at hand, conclusions reaching further cannot be drawn.
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Figure 7-13. Comparing the TEM formation factors and HTO through diffusion formation factors.

R-09-57 53



8 Conclusions

In this report the geometric formation factor, as obtained in tracer tests, is compared with the appar-
ent formation factor, as obtained by electrical methods. This is done by performing measurements
with different methods on nine drill core samples from the Forsmark and Oskarshamn sites.

One of the overall objectives of this study was to investigate how much the apparent formation factor
overestimates the formation factor, for different pore water electrolytes and for different samples. This
objective is generally met and it is shown that the apparent formation factor in general overestimates
the formation factor. For samples saturated by an electrolyte of low ionic strength, the main reason for
such an overestimation is suggested to be surface conduction. This is especially shown in part 1 where
the apparent formation factor, as measured on a sample saturated by a 0.001 M NacCl electrolyte,

is at least one order of magnitude larger than the through diffusion formation factor, as previously
measured on the same sample.

We have suggested a method of how to account for surface conduction, enabling correction of

the apparent formation factor into the formation factor. This method may be adapted for correcting
previously obtained in situ apparent formation factors. This should reduce data uncertainty and
provide a better tool of performing the correction. The method can be compared to that of Forsmark
SDM-Site /Crawford 2008/ where the apparent formation factor was corrected to the formation
factor by simply dividing it by a factor of two. Based on the current experience from performing
these new and more elaborate corrections, however, it appears that the approach taken in Forsmark
SDM-Site on average would give about the same results as with the new correction.

In this report, it is shown that there is significant data uncertainty associated with estimating the
formation factor based on electrical measurements. Therefore, one may wonder if it would not be
easier to exclusively use the laboratory through diffusion method for determining the formation
factor. However, doing this may be a mistake as it is though that the laboratory formation factor
may overestimate the in situ formation by up to one order of magnitude. The main reasons given for
this is that laboratory samples are stress released and affected by excavation induced damage /e.g.
Skagius and Neretnieks 1986b, Crawford 2008/. In this respect, it would be non-conservative to
base the formation factor exclusively on laboratory through diffusion experiments.

The second objective of the study was to gain information on anion exclusion. One way of doing
this is to compare the measured TEM formation factors with those previously obtained with the
through diffusion method on the same samples, using HTO as the tracer. However, this comparison
indicated no or little anion exclusion and it is suspected that data from the two studies cannot be
directly compared. Three explanations provided are that 1) the samples have been altered between
measurements, 2) the degree of saturation differs in the two studies, where incomplete saturation in
the through diffusion measurements would explain the results, 3) the Fickian theory and equations
used are not accurate enough to properly resolve the relatively small differences in the results from
two methods.

By comparing the TEM formation factor with formation factors estimated from the electrical methods,
the anion exclusion could be suggested to reduce the effective diffusivity by a few factors at the
most. However, it is conceivable that this effect is larger in situ, as the porous system is compressed.

Finally it should be said that although there were some problems with the utilised methodology,
much has been learned in this study and many flaws in the original methodology have been cor-
rected. Some results of this study are unprecedented and if one has an interest to further investigate
the formation factor, much can be done by using the methods discussed in this report. Perhaps the
most important aspect of this method is that tracer tests can be repeated under different conditions.
This facilitates measurements using different pore water chemistries and, after modifications, per-
haps different ambient pressures. This is something that is not possible with the time consuming
through diffusion method. It should also be feasible to, within a reasonable time frame, perform
long-range tracer tests (on the metre scale) in the in situ rock matrix by adapting this method.
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Appendix A

Raw data from part 1
Appendix A1

Sample 1: Surface conductivity 0.001 M, first run

Borehole and borehole length: KFMO1A 312.66-312.67
35000 -
TEM event / feature Value Units
start experiment 18.8.11:23 date:time 30000
end experiment 18.8.14:23 date:time T M*%&—H—O—O—“
£ 25000
DC main voltage 25V fO,
TEM Sample potential drop 16.17 V 2 20000
initial porewater concentration 0.001 mol/l 2
initial el. conductivity of porewater 0.0197 S/m 2 15000
temperature of porewater 23.2°C f
tracer concentration -- mol/l 8 10000
time of injection -- date:time x
Volume of low concentration tracer cell 1.90E-04 m3 5000
surrounding electrolyte concentration 0.001 mol/l
initial el. conductivity of electrolyte 1.14E-02 S/m 0 i j j !
initial temperature of electrolyte -°C 0 50 100 150 200
lenght of water column 1 0.133 m Time (min)
lenght of water column 2 0.133 m
inner diameter of cell 0.0405 m
inner cell area 1.29E-03 m2
sample length 0.01025 m
sample diameter 0.05m
sample area 1.96E-03 m2
el. conductivity of electrolyte high conc. cell 1.14E-02 S/m
pH of electrolyte high conc. cell -
temperature of electrolyte high conc. Cell - °C
el. conductivity of electrolyte low conc. cell 1.14E-02 S/m
pH of electrolyte low conc. cell -
temperature of electrolyte low conc.cell - °C
Mean el. conductivity of electrolytes 0.0114 S/m
Time (min) Potential drop (V) Current (A) Cor. resistivity (ohm.m)
1 17.42 1.20E-04 24339
2 17.28 1.20E-04 24115
3 17.19 1.20E-04 23971
5 17.12 1.20E-04 23860
13 17.07 1.00E-04 29230
15 17.09 1.00E-04 29268
20 15.89 1.00E-04 26969
25 15.93 1.00E-04 27046
32 16.02 1.00E-04 27218
37 16.06 1.00E-04 27295
87 16.17 1.00E-04 27506
97 16.2 1.00E-04 27563
120 16.21 1.00E-04 27582,
132 16.22 1.00E-04 27601
142 16.21 1.00E-04 27582
156 16.19 1.00E-04 27544
175 16.2 1.00E-04 27563
180 16.2 1.00E-04 27563
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 10 Hz
AC formation factor 10 Hz 7.03 8.00E-05 13364 6.56E-03
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 100 Hz
AC formation factor 100 Hz 7.13 9.05E-05 11622 7.55E-03
Mean 3 corrected resistivity (ohm.m) DC Formaion factor
DC formation factor 27557 3.18E-03
Slope (mol/((m3s)) De (m2/s) TEM Formation factor
TEM formation factor

A guide how to read the spreadsheets in Appendix A is found in Appendix C.
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Appendix A2

Sample 1: TEM 0.03 M, first run

Borehole and borehole length: KFMO1A 312.66-312.67 8000
TEM event / feature Value units € 7000 /T
Start experiment 14/11/2008 11:39 date:time .g 6000 l
End experiment 14/11/2008 17:40 date:time = 5000 W
DC main voltage ~25V % 4000 1 _’“/J/
TEM Sample potential drop 1328 V ‘g 3000 7z
Initial porewater concentration 0.03 mol/l % 2000
Initial el. conductivity of porewater 0.3 S/m £ 1000 ,}
Temperature of porewater 24 °C 0
Tracer concentration 0.003 mol/l ' ' ' ' ' ' '
Time of injection 11:10 date:time -6000  -5000 -4000 -3000 -2000 -1000 0 1000
Volume of low concentration tracer cell 1.90E-04 m3 Time (min)
Surrounding electrolyte concentration 0.03 mol/l
Initial el. conductivity of electrolyte 0.336 S/m
Initial temperature of electrolyte °C 1.E-05 - Constant potential criterion
Lenght of water column 1 0.133 m !
Lenght of water column 2 0.133 m 9.E-06 1 ®
Inner diameter of cell 0.0405 m S 8E061 y = 3.746E-08x - 5.737E-06
Inner cell area 1.29E-03 m2 £ 7.E-06 4
Sample length 0.01025 m g 6.E-06 -
Sample diameter 0.05 m % 5.E-06
Sample area 1.96E-03 m2 -‘-:' 4.E-06 4 o
_ i 8 3E06 1 S
El. conductivity of electrolyte high conc. cell 0.361 S/m S 2.6-06 | 000
pH of electrolyte high conc. cell 6.08 1,606 4 QWWOO
Temperature of electrolyte high conc. cell 233 °C i
El. conductivity of electrolyte low conc. cell 0.395 S/m 0.E+00 j j j j ! !
pH of electrolyte low conc. cell 593 -100 0 100 200 300 400 500
Temperature of electrolyte low conc.cell 233 °C Time (min)
Mean el. conductivity of electrolytes 0.378 S/m
|Time from injection (min) Potential drop (V)  Current (A) Cor. resistivity (ohm.m) lodide concentration (mol/l)
-5764 10.82 0.00224 793
-5761 10.76 0.0021 850
0 12.56 5.02E-04 4688 1.30E-06]<-- Injection
15 12.6 4.98E-04 4742 1.29E-06
24 12.65 4.98E-04 4761 1.33E-06
35 12.58 5.00E-04 4715 1.25E-06
43 12.58 5.00E-04 4715 1.15E-06
52 12.57 5.02E-04 4692 1.25E-06
65 12.28 5.16E-04 4454 1.30E-06
77 12.26 5.16E-04 4447 1.29E-06
90 12.26 5.16E-04 4447 1.26E-06
103 11.75 5.42E-04 4048 1.47E-06
114 11.68 5.44E-04 4008 1.45E-06
125 11.71 5.42E-04 4034 1.58E-06
138 11.72 5.42E-04 4038 1.75E-06
150 11.77 5.40E-04 4071 1.82E-06
164 11.84 5.36E-04 4127 2.00E-06
180 11.92 5.32E-04 4187 2.03E-06
192 11.97 5.32E-04 4205 2.50E-06
205 12.02 5.30E-04 4240 2.72E-06
217 121 5.26E-04 4302 2.98E-06
231 12.15 5.24E-04 4337 3.88E-06
243 12.88 4.90E-04 4931 3.56E-06
255 13 4.86E-04 5019 3.87E-06
265 13.03 4.84E-04 5052 4.51E-06
279 13.09 4.80E-04 5119 4.85E-06
290 13.11 4.80E-04 5127 5.18E-06|
304 13.2 4.74E-04 5230 5.63E-06]
316 13.23 4.72E-04 5265 5.94E-06
324 13.3 4.68E-04 5339 6.00E-06
335 13.33 4.66E-04 5375 6.45E-06
347 13.35 4.64E-04 5407 6.83E-06
361 13.36 4.62E-04 5435 7.51E-06
369 13.4 4.60E-04 5476 9.03E-06
376 13.4 4.64E-04 5427 8.25E-06
382 13.41 4.60E-04 5480 8.57E-06
390 13.4 4.58E-04 5500 9.11E-06
Potential drop (V)  Current (A) Cor. resistivity (ohm.m) AC formation factor 10 Hz
AC formation factor 10 Hz 237 2.70E-04 1577 1.68E-03
Potential drop (V)  Current (A) Cor. resistivity (ohm.m) AC formation factor 100 Hz
AC formation factor 100 Hz 2.54 2.28E-04 2029 1.30E-03|
Mean 3 corrected resistivity (ohm.m) DC Formaion factor
DC formation factor 5469 4.84E-04|
Slope (mol/((m3s)) De (m2/s) TEM Formation factor
TEM formation factor 6.24E-07 3.97E-13 1.99E-04
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Appendix A3

Sample 1: TEM 0.05 M, first run

Borehole and borehole length: KFMO1A 312.66-312.67

6000 -
TEM event / feature Value Units B 5000 |
Start experiment 19/11/2008 11:50 date:time E
End experiment 19/11/2008 18:23 date:time i 4000
DC main voltage ~25V % 3000 + \0—’—’.’"
TEM Sample potential drop 11.27 V E 2000
Initial porewater concentration 0.05 mol/l <
Initial el. conductivity of porewater 0.544 S/m 8 1000
Temperature of porewater 23.8 °C © 0
Tracer concentration 0.005 mol/l 4700 »12‘00 _7‘00 _2‘00 3[‘]0 8[;0
Time of injection 13:20 date:time
Volume of low concentration tracer cell 1.90E-04 m3 Time (min)
Surrounding electrolyte concentration 0.05 mol/l
Initial el. conductivity of electrolyte 0.538 S/m
Initial temperature of electrolyte 236 °C 3E-05
Lenght of water column 1 0.133 m ’
Lenght of water column 2 0.133 m S 2E05 y = 6.840E-08x + 2.373E-06 A/
Inner diameter of cell 0.0405 m ° v /
Inner cell area 1.29E-03 m2 £ /
Sample length 0.01025 m § 2E05
Sample diameter 0.05 m s /
Sample area 1.96E-03 m2 £ 1E05 .)y *
o
c
El. conductivity of electrolyte high conc. cell 0.577 SIm 3 5.E-06 <
pH of electrolyte high conc. cell 5.83
Temperature of electrolyte high conc. cell 228 °C 0.E+00 . . . . ,
El. conductivity of electrolyte low conc. cell 0.579 S/m 100 0 100 200 300 400
pH of electrolyte low conc. cell 6.51
Temperature of electrolyte low conc.cell 22.8 °C Time (min)
Mean el. conductivity of electrolytes 0.578 S/m
Time from injection (min) Potential drop (V) Current (A) Cor. resistivity (ohm.m) lodide concentration (mol/l)
-1666 13.2 0.000484 5152
-1663 12.46 0.000428 5504
-1650 11.64 0.000402 5474
0 1.4 6.84E-04 3124 4.70E-06|<-- Injection
18 11.34 6.90E-04 3080 4.72E-06
43 11.28 6.92E-04 3054 5.75E-06
61 11.29 6.90E-04 3066 7.04E-06
73 11.27 6.92E-04 3051 9.32E-06
82 11.27 6.92E-04 3051 8.41E-06
95 11.26 6.92E-04 3049 8.45E-06
110 11.27 6.92E-04 3051 9.20E-06
127 11.26 6.94E-04 3040 9.97E-06
140 11.27 6.94E-04 3042 1.08E-05
155 11.27 6.94E-04 3042 1.20E-05]
166 11.26 6.94E-04 3040 1.37E-05]
177 11.27 6.94E-04 3042 1.45E-05
191 11.26 6.92E-04 3049 1.53E-05]
204 11.26 6.92E-04 3049 1.59E-05
218 11.27 6.90E-04 3060 1.65E-05]
231 11.28 6.90E-04 3063 1.78E-05]
243 11.29 6.90E-04 3066 2.01E-05
258 11.28 6.90E-04 3063 2.09E-05
274 11.28 6.88E-04 3072 2.15E-05
286 11.29 6.88E-04 3075 2.21E-05
303 11.28 6.88E-04 3072 2.33E-05
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 10 Hz
IAC formation factor 10 Hz 6.68 4.72E-04 2643 6.55E-04
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 100 Hz
/AC formation factor 100 Hz 6.82 4.94E-04 2576 6.72E-04
Mean 3 corrected resistivity (ohm.m) DC Formaion factor
DC formation factor 3073 5.63E-04
Slope (mol/(m3 s)) De (m2/s) TEM Formation factor
TEM formation factor 1.14E-06 5.12E-13 2.56E-04
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Appendix A4

Sample 1: TEM 0.1 M, first run

Borehole and borehole length: KFM0O1A 312.66-312.67 3000
TEM event / feature Value Units E 2500 +-&——
Start experiment 20/11/2008 13:40 date:time E I N
End experiment 20/11/2008 19:26 date:time % 2000
DC main voltage ~25V %; 1500
TEM Sample potential drop 11.69 V ? 1000
Initial porewater concentration 0.1 mol/l =
Initial el. conductivity of porewater 0.544 S/m é 500
Temperature of porewater 23.8 °C
Tracer concentration 0.01 mol/l 0 " J J J J " " '
Time of injection 14:00 date:time -1200 -1000 -800 -600  -400 -200 0 200 400
Volume of low concentration tracer cell 1.90E-04 m3 Time (min)
Surrounding electrolyte concentration 0.1 mol/l
Initial el. conductivity of electrolyte 1.085 S/m
Initial temperature of electrolyte 232 °C
Lenght of water column 1 0.133 m 8.E-05 5 Concentration criterion fails to eliminate transient part
Lenght of water column 2 0.133 m = 7.E-05 4
Inner diameter of cell 0.0405 m © 6.E-05 -
Inner cell area 1.29E-03 m2 E 5.E-05 1 ¥ = 3.156E-07x - 3.526E-05
Sample length 0.01025 m s 7
Sample diameter 0.05 m ® 4E054
Sample area 1.96E-03 m2 ;&: 3.E-05 4
El. conductivity of electrolyte high conc. cell 1.117 S/m g 2051 o0 000
pH of electroly)(e high conc. cellg 4.63 © 1E05 0000%%000
‘Temperature of electrolyte high conc. cell 231 °C 0.E+00 X . . . Y
El. conductivity of electrolyte low conc. cell 1.074 S/m 100 0 100 200 300 400
pH of electrolyte low conc. cell 6.8 . .
Temperature of electrolyte low conc.cell 23.1 °C Time (min)
Mean el. conductivity of electrolytes 1.0955 S/m
Time from injection (min) Potential drop (V) Current (A) Cor. resistivity (ohm.m) lodide concentration (mol/l)
-1133 12.8 0.0011 2192
-1129 12.01 0.000926 2448
-1122 11.92 0.000874 2576
0 11.72 1.038E-03 2127 5.70E-06|<-- Injection
10 11.69 1.042E-03 2113 1.04E-05
21 11.67 1.044E-03 2105 9.08E-06
33 11.67 1.046E-03 2101 9.48E-06
43 11.66 1.048E-03 2095 1.15E-05
51 11.66 1.050E-03 2091 1.09E-05
64 11.63 1.050E-03 2086 1.16E-05
75 11.63 1.050E-03 2086 1.11E-05
88 11.64 1.052E-03 2083 1.15E-05
100 11.64 1.052E-03 2083 1.36E-05
113 11.62 1.054E-03 2076 1.38E-05
126 11.63 1.054E-03 2078 1.59E-05
140 11.63 1.054E-03 2078 1.64E-05|
157 11.64 1.058E-03 2071 1.93E-05
170 11.64 1.060E-03 2067 2.24E-05
184 11.67 1.062E-03 2069 2.47E-05
196 11.67 1.064E-03 2065 2.75E-05]
21 11.67 1.066E-03 2061 3.13E-05]
226 11.69 1.066E-03 2065 3.60E-05|
240 11.68 1.068E-03 2059 4.09E-05
251 11.67 1.068E-03 2057 4.25E-05
269 11.69 1.066E-03 2065 4.88E-05
284 1.7 1.066E-03 2066 5.34E-05|
297 11.71 1.064E-03 2072 5.99E-05|
310 11.71 1.064E-03 2072 6.37E-05|
326 11.7 1.064E-03 2070 6.72E-05
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 10 Hz
AC formation factor 10 Hz 6.45 6.76E-04 1792 5.09E-04|
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 100 Hz
AC formation factor 100 Hz 6.53 7.10E-04 1726 5.29E-04
Mean 3 corrected resistivity (ohm.m) DC Formaion factor
DC formation factor 2072 4.41E-04]
Slope (mol/(m3 s)) De (m2/s) TEM Formation factor
'TEM formation factor 5.26E-06 1.14E-12 5.70E-04|
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Appendix A5

Sample 1: TEM 1 M, first run

Borehole and borehole length: KFMO1A 312.66-312.67 1600
TEM event / feature Value Units g 1400 :
Start experiment 25/11/2008 12:50 date:time § 1200 s
End experiment 25/11/2008 18:41 date:time > 1000
2 8004 ‘&
DC main voltage ~25V 2 600
TEM Sample potential drop 6.36 V 2 400 m
Initial porewater concentration 1 mol/l § 200
Initial el. conductivity of porewater 8.85 S/m @ 0 i i i i i i i i X
Temperature of porewater 239°C 2200 -1900 -1600 -1300 -1000 -700 400 -100 200 500
Tracer concentration 0.1 mol/l
Time of injection 14:35 date:time Time (min)
Volume of low concentration tracer cell 1.90E-04 m3
Surrounding electrolyte concentration 1 mol/l
Initial el. conductivity of electrolyte 8.25 S/m 3.E-04 -
Initial temperature of electrolyte 233 °C :
Lenght of water column 1 0.133 m
Lenght of water column 2 0.133 m g 2E044 y = 1.06E-06x - 4.00E-05
Inner diameter of cell 0.0405 m E
Inner cell area 1.29E-03 m2 c 2.E-04
Sample length 0.01025 m 2
Sample diameter 0.05 m .E 1.E-04 |
Sample area 1.96E-03 m2 g
c
ET. conductivity of electrolyte high conc. cell 8.3 S/m 8 5E-05 1 o
pH of electrolyte high conc. c_eII 6.56 o0 %o
Temperature of electrolyte high conc. cell 23 °C 0.E+00 . . . . . . . :
El. conductivity of electrolyte low conc. cell 8.69 S/m !
pH of electrolyte low conc. cell 5.62 <100 -50 0 50 100 150 200 250 300
Temperature of electrolyte low conc.cell 234 °C Time (min)
Mean el. conductivity of electrolytes 8.495 S/m
Time from injection (min) Potential drop (V) Current (A) Cor. resistivity (ohm.m) lodide concentration (mol/l)
-2023 10.8 0.00162 1272
-2018 11.98 0.00162 1412
-2010 11.69 0.00162 1377
0 6.37 3.70E-03 325 2.15E-05]<-- Injection
10 6.31 3.72E-03 320 1.78E-05
30 6.42 3.78E-03 321 1.79E-05
35 6.41 3.78E-03 320 1.66E-05|
43 6.43 3.78E-03 321 1.53E-05
56 6.46 3.76E-03 324 2.49E-05
69 6.49 3.80E-03 323 3.63E-05
80 6.49 3.80E-03 323 4.20E-05
93 6.47 3.82E-03 320 6.36E-05
105 6.39 3.82E-03 316 7.06E-05
121 6.15 3.84E-03 302 8.43E-05
133 6.08 3.86E-03 297 1.01E-04]
144 6.08 3.86E-03 297 1.06E-04|
155 6.47 3.88E-03 315 1.23E-04
167 6.31 3.88E-03 307 1.37E-04]
181 6.47 3.88E-03 315 1.57E-04
192 6.48 3.88E-03 315 1.69E-04
205 6.47 3.88E-03 315 1.74E-04]
219 6.44 3.88E-03 313 1.91E-04]
232 6.41 3.88E-03 312 2.03E-04|
246 6.38 3.88E-03 310 2.18E-04
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 10 Hz
IAC formation factor 10 Hz 3.556 3.08E-03 217 5.44E-04
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 100 Hz
AC formation factor 100 Hz 3.765 3.20E-03 221 5.33E-04
Mean 3 corrected resistivity (ohm.m) DC Formaion factor
DC formation factor 312 3.78E-04
Slope (mol/(m3 s)) De (m2/s) TEM Formation factor
TEM formation factor 1.77E-05 7.03E-13 3.52E-04]
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Appendix A6

Sample 1: Surface conductivity 0.

001 M, second run

Borehole and borehole length: KFM01A 312.66-312.67

TEM event / feature

Value Units

Start experiment
End experiment

25/11/2008 19:15 date:time
01/12/2008 15:33 date:time

15000

Rock resistivity (ohm.m)

4000 6000

Time (min)

0 2000

8000

10000

Mean el. conductivity of electrolytes

DC main voltage ~25V
TEM Sample potential drop \Y
Initial porewater concentration 1 mol/l
Initial el. conductivity of porewater S/m
Temperature of porewater °C
Tracer concentration mol/l
Time of injection date:time
Volume of low concentration tracer cell 1.90E-04 m3
Surrounding electrolyte concentration 0.001 mol/l
Initial el. conductivity of electrolyte 0.01108 S/m
Initial temperature of electrolyte 226 °C
Lenght of water column 1 0.133 m
Lenght of water column 2 0.133 m
Inner diameter of cell 0.0405 m
Inner cell area 1.29E-03 m2
Sample length 0.01025 m
Sample diameter 0.05 m
Sample area 1.96E-03 m2
El. conductivity of electrolyte high conc. cell 0.01781 S/m
pH of electrolyte high conc. cell

Temperature of electrolyte high conc. cell 244 °C
El. conductivity of electrolyte low conc. cell 0.02692 S/m
pH of electrolyte low conc. cell

Temperature of electrolyte low conc.cell 24.1 °C

0.022365 S/m

AC formation factor 100 Hz

DC formation factor

TEM formation factor

Time (min) Potential drop (V) Current (A) Cor. resistivity (ohm.m)
1 17.1 1.120E-03 1156
6 15.71 1.040E-03 1125]
12 15.01 1.020E-03 1050]
21 14.06 1.000E-03 925
786 16.51 2.606E-04 10368]
3886 17.73 1.174E-04 27161
3921 17.73 1.176E-04 27112
3994 17.73 1.178E-04 27063
4055 17.74 1.176E-04 27128,
4151 17.76 1.170E-04 27309
5458 18.04 1.054E-04 31018
5464 18 1.054E-04 30946
5505 17.99 1.044E-04 31241
5531 18 1.044E-04 31259
5549 18 1.042E-04 31323
8044 17.72 1.054E-04 30437
8051 17.73 1.052E-04 30516
8082 17.76 1.048E-04 30694
8187 17.8 1.046E-04 30830
8256 17.82 1.048E-04 30804
8351 17.82 1.046E-04 30866
8399 17.83 1.040E-04 31073
8419 17.83 1.040E-04 31073
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 10 Hz
AC formation factor 10 Hz 2.201 4.88E-05 6871 6.51E-03
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 100 Hz

2.361 5.32E-05

Mean 3 corrected resistivity (ohm.m)
31004

Slope (mol/(m3 s)) De (m2/s)

6733 6.64E-03

DC Formaion factor
1.44E-03

TEM Formation factor
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Appendix A7

Sample 1: TEM 0.03 M, second run

Borehole and borehole length: KFM01A 312.66-312.67 30000
TEM event / feature Value Units E 25000 1
Start experiment 20/01/2009 10:50 date:time _§ l
End experiment 20/01/2009 19:07 date:time & 20000 L\
DC main voltage ~25V % 15000
TEM Sample potential drop 14.10 V 2 10000 - Py,
Initial porewater concentration 0.03 mol/l % e sne
Initial el. conductivity of porewater 0.3 S/m £ 5000
Temperature of porewater 22 °C
Tracer concentration 0.003 mol/l 0 " " J " " '
Time of injection 20/01/2009 10:50 date:time -2000  -1500  -1000  -500 0 500 1000
Volume of low concentration tracer cell 1.90E-04 m3 Time (min)
Surrounding electrolyte concentration 0.03 mol/l
Initial el. conductivity of electrolyte 0.338 S/m
Initial temperature of electrolyte °C
Lenght of water column 1 0.133 m 7.E-06 4
Lenght of water column 2 0.133 m —~ 6.E-06 4
Inner diameter of cell 0.0405 m 3
Inner cell area 1.29E-03 m2 £ S5E064 Yy =1.262E-08x - 4.438E-07
Sample length 0.01025 m S 4.E-06 1
Sample diameter 0.05 m s
Sample area 1.96E-03 m2 £ 3.E-06 1
8 206 |
El. conductivity of electrolyte high conc. cell 0.361 S/m ] 000
pH of electrolyte high conc. cell 6.08 © 1E064, o® 4
Temperature of electrolyte high conc. cell 233 °C 0.E+00 © i i i i i X
El. conductivity of electrolyte low conc. cell 0.395 S/m .
pH of electrolyte low conc. cell 5.93 0 100 200 300 400 500 600
Temperature of electrolyte low conc.cell 233 °C Time (min)
Mean el. conductivity of electrolytes 0.378 S/m
Time from injection (min) Potential drop (V) Current (A) Cor. resistivity (ohm.m) lodide concentration (mol/l)
-1536 18.31 0.000138 25298
-1533 18.2 0.0001384 25072
-1510 17.36 0.0001572 21036
0 141 3.260E-04 8181 6.80E-07|<-- Injection
10 14.09 2.612E-04 10229 4.90E-07
20 14.11 2.482E-04 10785 8.00E-07
42 14.1 2.366E-04 11311 6.10E-07|
61 14.08 2.336E-04 11441 8.20E-07
70 141 2.342E-04 11428 8.50E-07
118 14.08 2.414E-04 11068 1.13E-06
144 14.09 2.458E-04 10876 1.50E-06
160 14.07 2.480E-04 10763 1.59E-06
176 14.05 2.508E-04 10627 1.59E-06
196 1412 2.546E-04 10519 2.04E-06
210 14.11 2.560E-04 10454 2.19E-06
223 14.11 2.572E-04 10404 2.27E-06
245 14.09 2.596E-04 10292 2.38E-06
262 14.09 2.622E-04 10189 2.86E-06
276 14.09 2.638E-04 10127 3.20E-06
298 14.09 2.664E-04 10027 3.58E-06
310 14.09 2.678E-04 9974 3.50E-06
325 14.12 2.710E-04 9876 3.73E-08|
343 14.09 2.720E-04 9818 4.11E-06
368 141 2.752E-04 9710 3.88E-08
390 14.09 2.772E-04 9632 4.74E-06
410 14.09 2.792E-04 9563 4.72E-06
425 14.09 2.802E-04 9528 4.79E-06
442 14.12 2.802E-04 9549 4.86E-06
463 14.13 2.812E-04 9521 5.22E-08|
477 14.12 2.822E-04 9480 5.55E-08
490 14.12 2.828E-04 9460 5.97E-08|
497 14.13 2.836E-04 9440 5.90E-06
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 10 Hz
AC formation factor 10 Hz 5.46 1.46E-04 7059 3.75E-04|
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 100 Hz
AC formation factor 100 Hz 5.58 1.53E-04 6882 3.84E-04|
Mean 3 corrected resistivity (ohm.m) DC Formaion factor
DC formation factor 9460 2.80E-04|
Slope (mol/(m3 s)) De (m2/s) TEM Formation factor

 TEM formation factor

2.10E-07 1.26E-13

6.30E-05|

R-09-57

65



Appendix A8

Sample 1: TEM 0.05 M, second run

Borehole and borehole length: KFM01A 312.66-312.67
10000
TEM event / feature Value Units T 7’\
Start experiment 21/01/2009 date:time £ 8000 'y
End experiment 22/01/2009 date:time § \\w
> 6000 4
DC main voltage ~25V 2
TEM Sample potential drop 13.61V 2 4000
Initial porewater concentration 0.03 mol/l E
Initial el. conductivity of porewater 0.378 S/m g 2000
‘Temperature of porewater 23 °C ©
Tracer concentration 0.005 mol/l 0 T T T !
Time of injection 22/1/09 9:05 date:time -1200 -700 -200 300 800
Volume of low concentration tracer cell 1.90E-04 m3 Time (min)
Surrounding electrolyte concentration 0.05 mol/l
Initial el. conductivity of electrolyte 0.623 S/m
Initial temperature of electrolyte 23.2°C
Lenght of water column 1 0.133 m 1.B-05 4 y = 2.839E-08x + 1.098E-06
Lenght of water column 2 0.133 m _ 1E-05
Inner diameter of cell 0.0405 m 3 ’
Inner cell area 1.29E-03 m2 £ 8.E-06 -
Sample length 0.01025 m H
Sample diameter 0.05m E 6.E-06 o
Sample area 1.96E-03 m2 €
§ 4.E-06
El. conductivity of electrolyte high conc. cell 0.664 S/m 3 2 E-06 4
pH of electrolyte high conc. c_eII 4.58 i oo
'El'iempeéatutl_'e_‘of eflelcmilytl?/thl?h conc. ceIIII 02633% OSC/: 0.E+00 i i i i i i :
. conductivity of electrolyte low conc. cel . m
pH of electroly{e low conc. cell 6.09 0 50 100 150 200 250 300 400
Temperature of electrolyte low conc.cell 23.3°C Time (min)
Mean el. conductivity of electrolytes 0.6495 S/m
Time from injection (min) Potential drop (V) Current (A) Cor. resistivity (ohm.m) lodide concentration (mol/l)
-1130 14.06 3.530E-04 7569
-1120 14.02 3.036E-04 8785
-1090 13.91 3.066E-04 8630
-1043 13.55 3.300E-04 7805
-992 13.05 3.518E-04 7045
-45 13.45 4.700E-04 5421
-35 13.44 4.700E-04 5417
-22 13.45 4.700E-04 5421
-10 13.45 4.700E-04 5421
0 13.66 4.720E-04 5483 8.90E-07]<-- Injection
10 13.61 4.740E-04 5439 8.80E-07|
25 13.6 4.820E-04 5344 9.90E-07|
40 13.59 4.820E-04 5340
55 13.61 4.820E-04 5348 2.69E-06
72 13.64 4.820E-04 5360 3.01E-06|
85 13.62 4.800E-04 5375 3.49E-06
99 13.63 4.800E-04 5379 3.86E-06
118 13.64 4.800E-04 5383 4.38E-06
131 13.62 4.800E-04 5375 4.58E-06|
143 13.6 4.780E-04 5389 5.62E-06
165 13.6 4.760E-04 5412 6.10E-06
179 13.6 4.760E-04 5412 6.22E-06
220 13.6 4.820E-04 5344 7.01E-06|
249 13.59 4.860E-04 5296 8.13E-06
281 13.58 4.880E-04 5270 9.12E-06
307 13.61 4.880E-04 5282 9.74E-06|
343 13.59 4.900E-04 5252 1.09E-05
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 10 Hz
IAC formation factor 10 Hz 5.67 2.50E-04 4284 3.59E-04|
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 100 Hz
IAC formation factor 100 Hz 5.79 2.65E-04 4125 3.73E-04|
Mean 3 corrected resistivity (ohm.m) DC Formaion factor
DC formation factor 5268 2.92E-04
Slope (mol/(m3 s)) De (m2/s) TEM Formation factor
'TEM formation factor 4.73E-07 1.76E-13 8.81E-05
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Appendix A9

Sample 1: TEM 0.1 M, second run

Borehole and borehole length: KFM0O1A 312.66-312.67 5000
TEM event / feature Value units T r\
Start experiment 22/01/2009 date:time £ 4000
End experiment 23/01/2009 date:time fg
> 3000 —<
DC main voltage ~25V 2
TEM Sample potential drop 11.60 V 3 2000 4
Initial porewater concentration 0.05 mol/l f
Initial el. conductivity of porewater 0.6495 S/m g 1000
Temperature of porewater 23.3°C ®
Tracer concentration 0.01 mol/l 0 - - - - - -
Time of injection 23/01/2009 13:35 date:time -1500 -1200 -900 -600 -300 0 300
Volume of low concentration tracer cell 1.90E-04 m3 Time (min)
Surrounding electrolyte concentration 0.1 mol/l
Initial el. conductivity of electrolyte 1.246 S/m
Initial temperature of electrolyte 22 °C
Lenght of water column 1 0.133 m 2.E-05
Lenght of water column 2 0.133 m _ 1.E-05
Inner diameter of cell 0.0405 m 3 1E-05 y = 6.591E-08x - 2.066E-06
Inner cell area 1.29E-03 m2 E
Sample length 0.01025 m s 1E05
Sample diameter 0.05 m § 8E06
Sample area 1.96E-03 m2 g 6.E-06
2 4.E-06 °
El. conductivity of electrolyte high conc. cell 1.315 S/m I o o ©
pH of electrolyte high conc. cell 4.63 2E-06 ©
Temperature of electrolyte high conc. cell 229 °C 0.E+00 + T T T T T |
El. conductivity of electrolyte low conc. cell 1.269 S/m 0 50 100 150 200 250 300
pH of electrolyte low conc. cell 6.77 , .
‘Temperature of electrolyte low conc.cell 227 °C Time (min)
Mean el. conductivity of electrolytes 1.292 S/m
Time from injection (min) Potential drop (V) Current (A) Cor. resistivity (ohm.m) lodide concentration (mol/l)
-1330 13.5 6.300E-04 4074
-1321 13.1 5.460E-04 4565
-1312 13.01 5.480E-04 4517
-285 11.44 7.900E-04 2743
-259 11.42 7.900E-04 2739
-213 11.44 7.860E-04 2757
-185 11.44 7.880E-04 2750
-141 11.48 7.900E-04 2753
-88 11.46 7.960E-04 2727
-45 11.45 7.960E-04 2725
-22 11.43 7.960E-04 2720
0 11.41 8.000E-04 2702 2.70E-06]<-- Injection
5 116 8.000E-04 2747 2.48E-06|
17 11.58 8.020E-04 2735 2.57E-06
35 11.59 8.040E-04 2731 2.16E-06|
54 116 8.040E-04 2733 2.71E-06|
70 11.61 8.080E-04 2722 3.23E-06
87 11.61 8.120E-04 2708 4.21E-06|
108 11.6 8.120E-04 2706 5.20E-06
131 11.61 8.160E-04 2695 6.07E-06|
150 11.6 8.180E-04 2686 7.83E-06
167 11.58 8.180E-04 2681 8.90E-06
185 11.59 8.160E-04 2690 1.05E-05
205 11.6 8.200E-04 2679 1.18E-05
223 11.58 8.160E-04 2688 1.27E-05
247 11.57 8.180E-04 2679 1.38E-05)
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 10 Hz
AC formation factor 10 Hz 3.32 4.14E-04 1506 5.14E-04|
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 100 Hz
AC formation factor 100 Hz 3.52 4.38E-04 1509 5.13E-04|
Mean 3 corrected resistivity (ohm.m) DC Formaion factor
DC formation factor 2682 2.89E-04|
Slope (mol/(m3 s)) De (m2/s) TEM Formation factor
'TEM formation factor 1.10E-06 2.40E-13 1.20E-04|
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Appendix A10

Sample 1: TEM 1 M, second run

Borehole and borehole length: KFMO1A 312.66-312.67
2500
TEM event / feature Value Units -
Start experiment 26/01/2009 date:time 3 2000 4
End experiment 27/01/2009 date:time £
5 1500
DC main voltage ~25V § 1000
'TEM Sample potential drop 6.52 V § \*M
Initial porewater concentration 0.1 mol/l S 500 * p—
Initial el. conductivity of porewater 1.292 S/m © Aedtannd
‘Temperature of porewater 22.7 °C 0 T T T T |
Tracer concentration 0.1 mol/l -1600 -1200 -800 -400 0 400
Time of injection 27/01/2009 11:50 date:time Time (min)
Volume of low concentration tracer cell 1.90E-04 m3
Surrounding electrolyte concentration 1 mol/l
Initial el. conductivity of electrolyte 9.09 S/m
Initial temperature of electrolyte 23 °C 1.E-04
Lenght of water column 1 0.133 m y = 6.450E-07x - 4.454E-05
Lenght of water column 2 0.133 m = 18041
Inner diameter of cell 0.0405 m 2 1E-04
Inner cell area 1.29E-03 m2 =
Sample length 0.01025 m S 8E05 o
Sample diameter 0.06 m £ 6E-05
Sample area 1.96E-03 m2 § o
£ 4.E-05 s
El. conductivity of _electrolyte high conc. cell 8.81 S/m © 2.E-05 | 00
pH of electrolyte high conc. cell 5.82 . o °
Temperature of electrolyte high conc. cell 234 °C 0.E+00 . °‘?° . . . . . )
El. conductivity of electrolyte low conc. cell 8.92 S/m 100 -50 0 50 100 150 200 250 300
pH of electrolyte low conc. cell 5.46
Temperature of electrolyte low conc.cell 23.7 °C Time (min)
Mean el. conductivity of electrolytes 8.865 S/m
Time from injection (min) Potential drop (V) Current (A) Cor. resistivity (ohm.m) lodide concentration (mol/l)
-1545 11.4 9.400E-04 2319
-1540 10.66 8.800E-04 2316
-1505 7.97 1.160E-03 1312
-1470 6.45 1.420E-03 866
-1423 5.83 1.680E-03 660
-1380 5.75 1.840E-03 594
-1325 5.77 2.020E-03 543
-1260 5.88 2.180E-03 512
-1220 5.95 2.280E-03 495
-5 6.54 3.240E-03 382 6.04E-06|
0 6.5 3.100E-03 397 6.30E-06]<-- Injection
12 6.51 3.100E-03 398 5.65E-06|
36 6.51 3.100E-03 398 9.83E-06
55 6.51 3.100E-03 398 1.49E-05|
75 6.51 3.100E-03 398 2.89E-05]
85 6.52 3.100E-03 398 3.07E-05]
103 6.53 3.120E-03 396 3.75E-05|
132 6.52 3.120E-03 396 4.88E-05|
155 6.52 3.140E-03 393 5.86E-05|
180 6.51 3.120E-03 395 7.13E-05
198 6.52 3.140E-03 393 7.68E-05]
218 6.52 3.140E-03 393 9.80E-05]
233 6.51 3.140E-03 393 1.05E-04|
250 6.52 3.140E-03 393 1.19E-04]
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 10 Hz
AC formation factor 10 Hz 3.05 1.82E-03 317 3.56E-04|
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 100 Hz
AC formation factor 100 Hz 3.18 1.92E-03 313 3.61E-04|
Mean 3 corrected resistivity (ohm.m) DC Formaion factor
DC formation factor 393 2.87E-04
Slope (mol/(m3 s)) De (m2/s) TEM Formation factor
'TEM formation factor 1.08E-05 4.18E-13 2.09E-04]
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Appendix A11

Sample 1: TEM 0.03 M, third run

Borehole and borehole length: KFM0O1A 312.66-312.67

6000
TEM event / feature Value Units € 5000 ToN >— Jue
Start experiment 28/01/2009 date:time -g 4000 //
End experiment 30/01/2009 date:time :;,
> 3000 4
DC main voltage ~25V 2 f
TEM Sample potential drop 13.40 V & 2000 f
Initial porewater concentration 1 mol/l 8 1000 -
Initial el. conductivity of porewater 8.865 S/m &
Temperature of porewater 237 °C 0 ' ' ' ' J ' '
Tracer concentration 0.003 mol/l -3000  -2500 -2000 -1500 -1000  -500 0 500
Time of injection 30/01/2009 09:25 date:time Time (min)
Volume of low concentration tracer cell 1.90E-04 m3
Surrounding electrolyte concentration 0.03 mol/l
Initial el. conductivity of electrolyte 0.337 S/m
Initial temperature of electrolyte 219 °C 5.E-06 4
Lenght of water column 1 0.133 m 5.E-06 -
Lenght of water column 2 0.133 m 4.E-06 4
Inner diameter of cell 0.0405 m 4.6-06 1 y = 2.637E-08x - 2.502E-06
Inner cell area 1.29E-03 m2
Sample length 0.01025 m 3.E-06 1
Sample diameter 0.05 m 3.E-06
Sample area 1.96E-03 m2 2.E-06 4
_ i 2.E-06 - o7
El. conductivity of glectrolyte high conc. cell 0.393 S/m 1.E-06 1 ° °
pH of electrolyte high conc. cell 4.46 | o
Temperature of electrolyte high conc. cell 21.8°C 5.E-07 0 o O
El. conductivity of electrolyte low conc. cell 0.389 S/m 0.E+00 . . . . . . . .
H of electrolyte low conc. cell 5.98
'Fl)'emperature)gf electrolyte low conc.cell 21.9 °C 100 -50 0 50 100150 200 250 300
Mean el. conductivity of electrolytes 0.391 S/m
Time from injection (min) Potential drop (V) Current (A) Cor. resistivity (ohm.m) lodide concentration (mol/l)
-2875 10.52 2.420E-03 732
-2870 10.43 2.150E-03 828
-2850 10.21 1.820E-03 973
-2810 11.22 1.460E-03 1371
-2765 13.33 1.120E-03 2179
-10 12.93 4.820E-04 5038 5.40E-07|
0 13.53 4.800E-04 5298 5.00E-07|<-- Injection
25 13.43 4.840E-04 5214 4.80E-07
55 13.4 4.860E-04 5181 5.30E-07|
75 134 4.880E-04 5159 9.50E-07|
90 13.39 4.880E-04 5155 7.90E-07|
117 13.39 4.880E-04 5155 9.60E-07|
135 13.37 4.880E-04 5147 1.39E-06
151 13.43 4.900E-04 5149 1.71E-06
170 13.41 4.900E-04 5141 1.90E-06
188 13.4 4.880E-04 5159 2.28E-06
201 13.39 4.880E-04 5155 2.78E-06
215 13.39 4.880E-04 5155 3.04E-06|
235 13.41 4.900E-04 5141 3.69E-06
245 13.4 4.900E-04 5137 4.06E-06
257 13.41 4.900E-04 5141 4.35E-06
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 10 Hz
AC formation factor 10 Hz 5.11 1.56E-04 6174 4.14E-04
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 100 Hz
AC formation factor 100 Hz 5.21 1.64E-04 5984 4.27E-04
Mean 3 corrected resistivity (ohm.m) DC Formaion factor
DC formation factor 5140 4.98E-04
Slope (mol/(m3 s)) De (m2/s) TEM Formation factor
TEM formation factor 4.40E-07 2.76E-13 1.38E-04
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Raw data from part 2

Appendix B1

Sample 2: TEM 0.1 M, first run

Borehole and borehole length: KFMO1A 312.54-312.55

TEM event / feature

Value Units

Start experiment
End experiment

03/02/2009 18:45 date:time
04/02/2009 14:00 date:time

DC main voltage ~25V
TEM Sample potential drop 15.50 V
Initial porewater concentration 0.1 mol/l
Initial el. conductivity of porewater 1.064 S/m
Temperature of porewater 22.1°C
Tracer concentration 0.01 mol/l
Time of injection 04/02/2009 07:45 date:time
Volume of low concentration tracer cell 1.90E-04 m3
Surrounding electrolyte concentration 0.1 mol/l
Initial el. conductivity of electrolyte 1.078 S/m
Initial temperature of electrolyte 223 °C
Lenght of water column 1 0.133 m
Lenght of water column 2 0.133 m
Inner diameter of cell 0.0405 m
Inner cell area 1.29E-03 m2
Sample length 0.01018 m
Sample diameter 0.05 m
Sample area 1.96E-03 m2
El. conductivity of electrolyte high conc. cell 1.18 S/m
pH of electrolyte high conc. cell 6.28
Temperature of electrolyte high conc. cell 244 °C
El. conductivity of electrolyte low conc. cell 1.102 S/m
pH of electrolyte low conc. cell 6.34
Temperature of electrolyte low conc.cell 246 °C
Mean el. conductivity of electrolytes 1.141 S/m

Appendix B

8000
7000
6000
5000
4000
3000
2000
1000

0 - T T T

Rock resistivity (ohm.m)

-800 -600 -400 -200

Time (min)

0 200

400

2.E-05
1.E-05
1.E-05
1.E-05
8.E-06
6.E-06
4.E-06
2.E-06 0000 °

Concentration (mol/dm3)

y = 3.88E-08x - 6.18E-07
R? = 9.90E-01

0.E+00 -+ T T T T T
0 50 100 150 200

Time (min)

250 300 350

400

Time from injection (min)

Potential drop (V) Current (A)

Cor. resistivity (ohm.m) lodide concentration (mol/l)

-780 15.90 5.16E-04 5908
-775 16.06 4.50E-04 6849
-765 16.02 4.26E-04 7218
-749 15.98 4.32E-04 7100
-725 15.90 4.36E-04 6999
-30 15.43 4.80E-04 6165
-15 15.42 4.80E-04 6161
-5 15.43 4.80E-04 6165 1.30E-06
0 15.96 4.90E-04 6247 1.17E-06
15 15.53 4.66E-04 6393 1.55E-06
30 15.50 4.64E-04 6408 1.57E-06
45 15.49 4.64E-04 6404 1.82E-06
60 15.50 4.64E-04 6408 1.77E-06
75 15.51 4.66E-04 6385 2.40E-06
87 15.51 4.66E-04 6385 2.42E-06
101 15.50 4.66E-04 6381 2.85E-06
17 15.50 4.68E-04 6353 3.35E-06
130 15.50 4.70E-04 6326 4.80E-06
145 15.49 4.72E-04 6295 5.42E-06
160 15.49 4.72E-04 6295 5.80E-06
175 15.49 4.74E-04 6268 6.02E-06
195 15.50 4.76E-04 6246 6.96E-06
210 15.49 4.78E-04 6215 7.73E-06
225 15.50 4.80E-04 6193 8.35E-06
240 15.49 4.80E-04 6189 9.26E-06
253 15.48 4.82E-04 6160 9.46E-06
320 15.51 4.88E-04 6095 1.19E-05
335 15.50 4.88E-04 6091 1.22E-05
355 15.52 4.88E-04 6099 1.26E-05]
375 15.51 4.90E-04 6070 1.38E-05
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 10 Hz
AC formation factor 10 Hz 5.67 2.06E-04 5274 1.66E-04
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 100 Hz
AC formation factor 100 Hz 5.79 2.16E-04 5135 1.71E-04
Mean 3 corrected resistivity (ohm.m) DC Formaion factor
DC formation factor 6087 1.44E-04
Slope (mol/(m3 s)) De (m2/s) TEM Formation factor
TEM formation factor 6.47E-07 1.05E-13 5.27E-05|

A guide how to read the spreadsheets in Appendix B is found in Appendix C.
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Appendix B2

Sample 2: TEM 0.1 M, second run

Borehole and borehole length: KFMO1A 312.54-312.55

TEM event / feature Value Units 7000
Start experiment 04/02/2009 14:45 date:time E 6000
End experiment 04/02/2009 18:15 date:time E 5000
A
DC main voltage ~25V Z 4000
TEM Sample potential drop 1551V % 3000
Initial porewater concentration 0.1 mol/l 2
Initial el. conductivity of porewater 1.064 S/m % 2000
Temperature of porewater 221 °C £ 1000
Tracer concentration 0.01 mol/l ol } } } } )
Time of injection 04/02/2009 14:45 date:time
Volume of low concentration tracer cell 1.90E-04 m3 0 50 100 150 200 250
Surrounding electrolyte concentration 0.1 mol/l Time (min)
Initial el. conductivity of electrolyte 1.078 S/m
Initial temperature of electrolyte 223 °C
Lenght of water column 1 0.133 m 7. 0E-06
Lenght of water column 2 0.133 m 3 60E06 = 3.766E-08x - 1 464E-06
Inner diameter of cell 0.0405 m £ °0F Y= S OPEEK - 1 ANEES
Inner cell area 1.29E-03 m2 3 5.0E-06 R =9.643E-01 g
Sample length 0.01018 m E
Sample diameter 0.05 m H 4.08-06
Sample area 1.96E-03 m2 ““;3 3.0E-06 o ©
£
[ET_conductivity of electrolyte igh conc. cell 1.12 S/m § 20808 o © °
pH of electrolyte high conc. cell 6.22 § 1.0E-06 ° o ¢
Temperatu(el of electrolyte high conc. cell 243 °C 0.0E+00 4 } } } } X
El. conductivity of electrolyte low conc. cell 1.105 S/m :
pH of electrolyte low conc. cell 6.41 0 50 100 150 200 250
Temperature of electrolyte low conc.cell 243 °C Time (min)
Mean el. conductivity of electrolytes 1.1125 S/m
Time from injection (min) Potential drop (V) Current (A) Cor. resistivity (ohm.m) lodide concentration (mol/l)
0 15.92 5.900E-04 5169 6.00E-07]<-- Injection
5 15.54 5.180E-04 5751 6.20E-07
15 15.49 4.860E-04 6112 6.50E-07|
30 15.49 4.800E-04 6189 1.08E-06
45 15.51 4.780E-04 6223 1.24E-06
60 15.48 4.740E-04 6263 1.45E-06
75 15.52 4.720E-04 6306 1.68E-06
90 15.51 4.720E-04 6302 2.08E-06
105 15.51 4.700E-04 6329 2.84E-06
120 15.52 4.700E-04 6333 2.94E-06]
135 15.52 4.700E-04 6333 3.83E-06
150 15.52 4.700E-04 6333 4.02E-06
165 15.52 4.700E-04 6333 4.82E-06
180 15.51 4.700E-04 6329 5.00E-06|
195 15.5 4.700E-04 6325 5.90E-06|
210 15.5 4.700E-04 6325 6.62E-06

IAC formation factor 10 Hz

IAC formation factor 100 Hz

DC formation factor

TEM formation factor

Potential drop (V) Current (A)
57 2.04E-04

Potential drop (V) Current (A)
5.81 2.13E-04

Mean 3 corrected resistivity (ohm.m)
6326

Slope (mol/(m3 s)) De (m2/s)
6.28E-07 1.02E-13

Cor.

Cor. resistivity (ohm.m) AC formation factor 10 Hz

resistivity (ohm.m) AC formation factor 100 Hz

5353 1.68E-04

5225 1.72E-04

DC Formaion factor
1.42E-04

TEM Formation factor
5.11E-05|
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Appendix B3

Sample 3: TEM 0.05 M, first run

Borehole and borehole length: KFM02A 554.60-554.61
8000
TEM event / feature Value units £ 7000
Start experiment 24/02/2009 12:15 date:time £ 5000
End experiment 26/02/2009 12:45 date:time s
:; 5000
DC main voltage 25V 2 4000
TEM Sample potential drop 13.39 V 2 3000
Initial porewater concentration 0.05 mol/l E 2000
Initial el. conductivity of porewater 0.543 S/m 8
‘Temperature of porewater 221 °C & 1000
Tracer concentration 0.005 mol/l 0 T T T T T T T '
Time of injection 25/02/2009 13:30 date:time -2000 -1500 -1000 -500 0 500 1000 1500 2000
Volume of low concentration tracer cell 1.90E-04 m3 Time (min)
Surrounding electrolyte concentration 0.05 mol/l
Initial el. conductivity of electrolyte 0.564 S/m
Initial temperature of electrolyte 23 °C
Lenght of water column 1 0.133 m __ 6.0E-05
Lenght of water column 2 0.133 m 4
Inner diameter of cell 0.0405 m § 5.08-05 y= 3'8424508)( - 4.968E-07
Inner cell area 1.29E-03 m2 g 4.0E-05 R®=9.962E-01
Sample length 0.01264 m =
Sample diameter 0.05 m S 3.0E-05
Sample area 1.96E-03 m2 g 2.0E-05
El. conductivity of electrolyte high conc. cell 0.593 S/m § 1.0E-05
pH of electrolyte high conc. cell 6.67 38
Temperature of electrolyte high conc. cell 223 °C 0.0E+00 : T T T T T T |
El. conductivity of electrolyte low conc. cell 0.578 S/m 0 200 400 600 800 1000 1200 1400 1600
pH of electrolyte low conc. cell 6.74
Temperature of electrolyte low conc.cell 22.3 °C Time (min)
Mean el. conductivity of electrolytes 0.5855 S/m
Time from injection (min) Potential drop (V) Current (A) Cor. resistivity (ohm.m) lodide concentration (mol/l)
-1515 14.62 3.326E-04 6773
-1510 14.48 3.200E-04 6974
-1500 14.36 2.956E-04 7491
-1470 14.11 2.950E-04 7375
-1440 13.84 3.096E-04 6889
-1425 13.74 3.136E-04 6751
-1410 13.6 3.212E-04 6522
-1380 13.39 3.356E-04 6143
-1350 13.19 3.476E-04 5840
-1295 13 3.642E-04 5490
-1250 12.8 3.730E-04 5276
-250 13.72 4.640E-04 4538
-240 13.35 4.520E-04 4533
-215 13.32 4.540E-04 4503
-190 13.31 4.560E-04 4479
-165 13.32 4.580E-04 4463
-145 13.32 4.600E-04 4443
-115 13.33 4.600E-04 4447
-85 13.33 4.620E-04 4427
-45 13.33 4.600E-04 4447
-15 13.35 4.600E-04 4453
-5 13.35 4.600E-04 4453 1.78E-06|
0 13.91 4.600E-04 4643 1.80E-06|<-- Injection
20 13.91 4.640E-04 4602 1.88E-06|
40 13.93 4.660E-04 4589 1.94E-06|
60 13.88 4.660E-04 4572 2.02E-06
80 13.89 4.660E-04 4575 2.62E-06
100 13.9 4.680E-04 4559 3.39E-06
120 13.89 4.700E-04 4536 4.06E-06|
140 13.89 4.720E-04 4517 4.61E-06
160 13.89 4.720E-04 4517 5.37E-06
180 13.88 4.740E-04 4494 6.12E-06
200 13.92 4.740E-04 4507 7.01E-06
220 13.92 4.760E-04 4488 8.03E-06
240 13.92 4.760E-04 4488 8.74E-06
1125 14.45 4.900E-04 4526 4.61E-05|
1140 13.94 4.780E-04 4475 4.59E-05|
1190 13.89 4.760E-04 4478 4.52E-05
1230 13.93 4.760E-04 4491 4.67E-05|
1285 13.91 4.760E-04 4485 4.75E-05|
1330 13.89 4.760E-04 4478 4.82E-05|
1350 13.9 4.760E-04 4481 5.06E-05
1395 13.9 4.720E-04 4520 5.30E-05
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 10 Hz
IAC formation factor 10 Hz 6.86 2.77E-04 3798 4.50E-04
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 100 Hz
AC formation factor 100 Hz 7.01 2.86E-04 3747 4.56E-04
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 2000 Hz
IAC formation factor 2000 Hz 7.02 2.99E-04 3597 4.75E-04
Mean 3 corrected resistivity (ohm.m) DC Formaion factor
DC formation factor 4493 3.80E-04|
Slope (mol/(m3 s)) De (m2/s) TEM Formation factor
'TEM formation factor 6.41E-07 2.98E-13 1.49E-04
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Appendix B4

Sample 3: TEM 0.05 M, second run

Borehole and borehole length: KFM02A 554.60-554.61
6000
TEM event / feature Value units B
Start experiment 26/02/2009 13:40 date:time g 5000 Topneengs. oo
End experiment 27/02/2009 14:00 date:time S 4000 4
>
DC main voltage ~25V ; 3000 -
TEM Sample potential drop 14.30 V K] 2000 |
Initial porewater concentration 0.05 mol/l <
Initial el. conductivity of porewater 0.543 S/m 8 1000
©
Temperature of porewater 221 °C
Tracer concentration 0.005 mol/l 0 j " " " ’ ’ " '
Time of injection 26/02/2009 13:40 date:time 0 200 400 600 800 1000 1200 1400 1600
Volume of low concentration tracer cell 1.90E-04 m3 Time (min)
Surrounding electrolyte concentration 0.05 mol/l
Initial el. conductivity of electrolyte 0.564 S/m
Initial temperature of electrolyte 23 °C
Lenght of water column 1 0.133 m __ T.0E-05
Lenght of water column 2 0.133 m T 6.0E-05
Inner diameter of cell 0.0405 m 3 5.0E-05 y = 3.929E-08x + 7.852E-07
Inner cell area 1.29E-03 m2 g R? = 9.972E-01 .
Sample length 0.01264 m = 4.0E-05
Sample diameter 0.05 m 2 g
Sample area 1.96E-03 m2 £ 3.0E-05
£ 20E-05
El. conductivity of electrolyte high conc. cell 0.604 S/m 2 1.0E-05
pH of electrolyte high conc. cell 5.77 3
Temperature of electrolyte high conc. cell 22.4 °C 0.0E+00 ¢ T T T T T T T .
El. conductivity of electrolyte low conc. cell 0.563 S/m 0 200 400 600 800 1000 1200 1400 1600
pH of electrolyte low conc. cell 6.04 . .
Temperature of electrolyte low conc.cell 22.3 °C Time (min)
Mean el. conductivity of electrolytes 0.5835 S/m
Time from injection (min) Potential drop (V) Current (A) Cor. resistivity (ohm.m) lodide concentration (mol/l)
0 14.54 5.420E-04 4112 5.07E-07|<-- Injection
5 14.29 4.880E-04 4494 5.12E-07|
25 14.33 4.640E-04 4742 1.37E-06
40 14.34 4.580E-04 4809 1.91E-06
60 14.32 4.540E-04 4845 2.60E-06
80 14.32 4.560E-04 4823 3.59E-06|
100 14.33 4.600E-04 4784 4.92E-06
120 14.32 4.600E-04 4781 5.20E-06
140 14.29 4.620E-04 4750 5.91E-06
170 14.31 4.660E-04 4715 7.17E-06]
1120 14.2 4.760E-04 4579 4.83E-05
1155 14.31 4.780E-04 4595 4.70E-05|
1180 14.3 4.780E-04 4592 4.77E-05|
1210 14.28 4.760E-04 4605 4.94E-05|
1240 14.28 4.780E-04 4586 4.94E-05|
1275 14.32 4.800E-04 4579 5.09E-05
1300 14.31 4.800E-04 4576 5.11E-05|
1330 14.32 4.820E-04 4560 5.17E-05|
1390 14.31 4.840E-04 4538 5.43E-05
1425 14.3 4.840E-04 4535 5.55E-05
1460 14.3 4.840E-04 4535 5.77E-05
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 10 Hz
AC formation factor 10 Hz 6.8 2.704E-04 3852 4.45E-04]
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 100 Hz
AC formation factor 100 Hz 6.92 2.796E-04 3790 4.52E-04|
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 2000 Hz
AC formation factor 2000 Hz 6.93 2.922E-04 3629 4.72E-04
Mean 3 corrected resistivity (ohm.m) DC Formaion factor
DC formation factor 4536 3.78E-04]
Slope (mol/(m3 s)) De (m2/s) TEM Formation factor
TEM formation factor 6.55E-07 2.85E-13 1.43E-04
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Appendix B5

Sample 4: TEM 0.1 M, first run

Borehole and borehole length: KFMO1A 554.71-554.72
4500
TEM event / feature Value units £ 4000
Start experiment 11/02/2009 18:00 date:time E 3500
End experiment 12/02/2009 13:40 date:time £ 3000
£ 2500
DC main voltage ~25V % 2000
TEM Sample potential drop 12.80 V g 1500
Initial porewater concentration 0.1 mol/l % 1000
Initial el. conductivity of porewater 1.064 S/m 2 500
Temperature of porewater 221 °C 04 ; ; ; ; ; ; ,
Tracer concentration 0.01 mol/l 21000  -800 -600 400 -200 0 200 400
Time of injection 12/02/2009 09:05 date:time Time (min)
Volume of low concentration tracer cell 1.90E-04 m3
Surrounding electrolyte concentration 0.1 mol/l
Initial el. conductivity of electrolyte ~1 S/m
Initial temperature of electrolyte °C 2.5E-05
Lenght of water column 1 0.133 m &
Lenght of water column 2 0.133 m 5 2.0E-05 y = 9.618E-08x - 4.760E-06
Inner diameter of cell 0.0405 m 3 R? = 9.873E-01
Inner cell area 1.29E-03 m2 E 15E.05
Sample length 0.01166 m s
Sample diameter 0.05 m % 1.0E:05
Sample area 1.96E-03 m2 §
8
El. conductivity of electrolyte high conc. cell 1.093 S/m 5 5.08-06
pH of electrolyte high conc. cell 6.52 © o 0 O
‘Temperature of electrolyte high conc. cell 221 °C 0.0E+00 ~ T T T T T !
El. conductivity of electrolyte low conc. cell 1.041 S/m 0 50 100 150 200 250 300
pH of electrolyte low conc. cell 6.32 Time (min)
Temperature of electrolyte low conc.cell 22 °C
Mean el. conductivity of electrolytes 1.067 S/m

Time from injection (min)

potential drop (V) current (A)

-905 15.75 7.300E-04
-900 15.25 6.900E-04
-885 15.21 6.000E-04
-865 15 6.220E-04
-80 1241 8.320E-04
-65 12.39 8.320E-04
-45 12.38 8.340E-04
-25 12.34 8.320E-04
-5 12.37 8.360E-04

0 12.98 8.300E-04

10 12.83 8.320E-04
25 12.81 8.460E-04
40 12.8 8.460E-04
55 12.81 8.560E-04
75 12.8 8.580E-04
95 12.77 8.620E-04
115 12.82 8.660E-04
138 12.79 8.700E-04
155 12.77 8.700E-04
175 12.83 8.780E-04
195 12.82 8.780E-04
215 12.78 8.780E-04
235 12.79 8.800E-04
255 12.83 8.840E-04
275 12.81 8.840E-04

cor. resistivity (ohm.m)

3601
3689
4236
4028
2479
2475
2467
2465
2459
2601
2564
2517
2515
2487
2480
2462
2460
2443
2439
2428
2426
2419
2415
2411
2408

iodide concentration (mol/l)

8.30E-07|
8.50E-07|
6.70E-07|
1.54E-06
1.57E-06
1.71E-06
3.36E-06
4.80E-06
5.42E-06|
8.80E-06|
1.02E-05
1.14E-05
1.47E-05
1.66E-05
1.72E-05
2.05E-05|
2.10E-05|

<-- Injection

Potential drop (V)
5.71

Current (A)
AC formation factor 10 Hz 4.14E-04
Potential drop (V) Current (A)

5.95 4.24E-04

IAC formation factor 100 Hz

Mean 3 corrected resistivity (ohm.m)
DC formation factor 2411
Slope (mol/(m3 s)) De (m2/s)
1.60E-06 3.59E-13

'TEM formation factor

Cor.

Cor. resistivity (ohm.m)

2290

resistivity (ohm.m)

2331

AC formation factor 10 Hz
4.09E-04

AC formation factor 100 Hz
4.02E-04

DC Formaion factor
3.89E-04

TEM Formation factor
1.80E-04|
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Appendix B6

Sample 4: TEM 0.1 M, second run

Borehole and borehole length: KFM01A 554.71-554.72
3000
TEM event / feature Value Units —
Start experiment 12/02/2009 15:00 date:time E 2500 L yq000- Fooe
End experiment 13/02/2009 10:00 date:time i 2000
DC main voltage ~25V g 1500
TEM Sample potential drop 12.16 V o
Initial porewater concentration 0.1 mol/l § 1000
Initial el. conductivity of porewater 1.064 S/m %
‘Temperature of porewater 221 °C 2 500
Tracer concentration 0.01 mol/l 0
Time of injection 12/02/2009 15:00 date:time ' ' ' ' ' ' '
Volume of low concentration tracer cell 1.90E-04 m3 0 200 400 600 800 1000 1200
Surrounding electrolyte concentration 0.1 mol/l Time (min)
Initial el. conductivity of electrolyte ~1 S/m
Initial temperature of electrolyte °C
Lenght of water column 1 0.133 m 1.0E-04
Lenght of water column 2 0.133 m @ 9.0E-05
Inner diameter of cell 0.0405 m £ 8.0E-05 y = 7.943E-08x - 9.996E-07
Inner cell area 1.29E-03 m2 3 7.0E-05 R? = 9.976E-01
Sample length 0.01166 m E §0E-05
Sample diameter 0.05m _E 5.0E-05
Sample area 1.96E-03 m2 ® 4.0E-05
£ 3.0E-05
El. conductivity of electrolyte high conc. cell 1.074 S/m g 2.0E-05
pH of electrolyte high conc. cell 6.56 8§ 1.0E-05
Temperature of electrolyte high conc. cell 231 °C 0.0E+00 € T T T T T |
El. conductivity of electrolyte low conc. cell 1.031 S/m 0 200 400 600 800 1000 1200
pH of electrolyte low conc. cell 6.33 . .
Temperature of electrolyte low conc.cell 229 °C Time (min)
Mean el. conductivity of electrolytes 1.0525 S/m
time (min) potential drop (V) current (A) cor. resistivity (ohm.m) iodide concentration (mol/l)
0 125 9.400E-04 2206 5.00E-07]<-- Injection
5 12.19 8.720E-04 2321 6.00E-07
20 12.19 8.480E-04 2388 8.30E-07|
40 12.21 8.380E-04 2421 1.49E-06|
60 1217 8.300E-04 2436 3.80E-06
80 12.19 8.300E-04 2440 5.17E-06|
100 12.22 8.320E-04 2440 6.74E-06|
1030 11.71 8.140E-04 2389 8.38E-05]
1050 12.2 8.200E-04 2472 8.19E-05]
1080 12.21 8.380E-04 2421 8.43E-05
1115 12.24 8.420E-04 2415 8.58E-05
1140 12.26 8.420E-04 2419 8.95E-05|
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 10 Hz
AC formation factor 10 Hz 5.58 4.01E-04 2310 4.11E-04|
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 100 Hz
AC formation factor 100 Hz 5.51 4.04E-04 2264 4.20E-04|
Mean 3 corrected resistivity (ohm.m) DC Formaion factor
DC formation factor 2418 3.93E-04|
Slope (mol/(m3 s)) De (m2/s) TEM Formation factor
'TEM formation factor 1.32E-06 3.13E-13 1.57E-04
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Appendix B7

Sample 5: TEM 0.05 M, first run
Borehole and borehole length: KFM02A 554.84-554.85

TEM event / feature
Start experiment
End experiment

Value Units
16/02/2009 09:40 date:time
18/02/2009 10:30 date:time

DC main voltage ~25V
TEM Sample potential drop 13.35 V
Initial porewater concentration 0.05 mol/l
Initial el. conductivity of porewater 0.543 S/m
Temperature of porewater 221°C
Tracer concentration 0.005 mol/l
Time of injection 17/02/2009 09:30 date:time
Volume of low concentration tracer cell 1.90E-04 m3
Surrounding electrolyte concentration 0.05 mol/l
Initial el. conductivity of electrolyte 0.545 S/m
Initial temperature of electrolyte 223 °C
Lenght of water column 1 0.133 m
Lenght of water column 2 0.133 m
Inner diameter of cell 0.0405 m
Inner cell area 1.29E-03 m2
Sample length 0.01138 m
Sample diameter 0.05 m
Sample area 1.96E-03 m2

N A O ®
S © © o
S © © ©
S & & o

Rock resistivity (ohm.m)

-1000

500

Time (min)

El. conductivity of electrolyte high conc. cell

pH of electrolyte high conc. cell

0.583 S/m
6.67

Temperature of electrolyte high conc. cell 23.1°C
El. conductivity of electrolyte low conc. cell 0.567 S/m
pH of electrolyte low conc. cell 6.35
Temperature of electrolyte low conc.cell 23.2 °C
Mean el. conductivity of electrolytes 0.575 S/m

Concentration (mol/dm3)

y = 5.539E-08x - 6.129E-06
R? = 9.992E-01

T
800 1000

Time (min)

Time from injection (min)

Potential drop (V)  Current (A)

-1430 15.8 2.960E-04
-1425 15.69 2.516E-04
-1400 15.27 2.500E-04
-1380 14.78 2.660E-04
-1370 14.45 2.874E-04
-1335 13.78 3.084E-04
-1310 13.25 3.352E-04
-1285 12.9 3.536E-04
-1245 12.39 3.880E-04
-1210 11.78 4.080E-04
-1170 11.57 4.300E-04
-1130 11.45 4.540E-04
-1110 1.4 4.600E-04
-1050 11.36 4.860E-04
-1035 11.34 4.940E-04
-75 12.83 5.500E-04
-70 12.74 5.440E-04
-45 12.76 5.440E-04
-20 12.77 5.420E-04
-5 12.8 5.420E-04

0 13.38 5.440E-04

15 13.3 5.420E-04
30 13.27 5.440E-04
50 13.29 5.480E-04
70 13.32 5.480E-04
90 13.29 5.500E-04
110 13.3 5.500E-04
130 13.29 5.500E-04
148 13.31 5.520E-04
200 13.35 5.540E-04
220 13.29 5.500E-04
240 13.3 5.500E-04
260 13.32 5.520E-04
280 13.3 5.500E-04
305 13.32 5.520E-04
330 13.33 5.540E-04
360 13.34 5.540E-04
390 13.32 5.540E-04
420 13.32 5.560E-04
450 13.33 5.540E-04
1305 13.95 5.420E-04
1320 13.29 5.180E-04
1375 13.33 5.120E-04
1430 13.34 5.080E-04
1470 13.31 5.060E-04
1500 13.3 5.060E-04

9148

10698
10477

9525
8613
7647
6758
6233
5448
4920
4581
4290
4214
3971
3899
3963
3979
3985
4003
4013
4182
4172
4147
4122
4132
4107
4110
4107
4098
4096
4107
4110
4101
4110
4101
4090
4093
4086
4072
4090
4379
4365
4430
4469
4477
4473

. resistivity (ohm.m) lodide concentration (mol/l)

3.40E-07
3.30E-07
3.00E-07
3.10E-07
5.80E-07
7.20E-07
1.04E-06|
1.58E-06
2.51E-06
2.75E-06
5.38E-06
6.51E-06
7.63E-06
8.40E-06
9.17E-06
1.04E-05]
1.21E-05]
1.34E-05]
1.47E-05
1.55E-05
1.79E-05]
6.57E-05|
6.61E-05|
7.16E-05|
7.43E-05|
7.53E-05|
7.63E-05

AC formation factor 10 Hz

AC formation factor 100 Hz

DC formation factor

TEM formation factor

Potential drop (V) Current (A)
6.75 3.09E-04

Potential drop (V) Current (A)
6.89 3.19E-04

Mean 3 corrected resistivity (ohm.m)
4473

Slope (mol/(m3s)) De (m2/s)
9.23E-07 3.89E-13

3707

3665

Cor. resistivity (ohm.m) AC formation factor 10 Hz

4.69E-04

. resistivity (ohm.m) AC formation factor 100 Hz

4.75E-04

DC Formaion factor

3.89E-04|

TEM Formation factor

1.94E-04
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Appendix B8

Sample 5: TEM 0.05 M, second run

Borehole and borehole length: KFM02A 554.84-554.85
__ 5000
TEM event / feature Value units E 4500 1”\’“_._,
Start experiment 18/02/2009 13:15 date:time % gggg 1
End experiment 19/02/2009 11:05 date:time Z 3000
. .2 2500 -
DC main voltage ~25V B 2000
'TEM Sample potential drop 13.80 V g 1500
Initial porewater concentration 0.05 mol/l % 1000
Initial el. conductivity of porewater 0.543 S/m S 5004
‘Temperature of porewater 221 °C 0 T T T T T T 1
Tracer concentration 0.005 mol/l 0 200 400 600 800 1000 1200 1400
Time of injection 18/02/2009 13:15 date:time Time (min)
Volume of low concentration tracer cell 1.90E-04 m3
Surrounding electrolyte concentration 0.05 mol/l
Initial el. conductivity of electrolyte 0.558 S/m
Initial temperature of electrolyte 233 °C 8.0E-05 4
Lenght of water column 1 0.133 m & 7.0E-05 4
Lenght of water column 2 0.133 m E 6.0E-05 1 y= 5-5222503)‘ - 1.762E-06
Inner diameter of cell 0.0405 m 3 R? = 9.982E-01
Inner cell area 1.29E-03 m2 E 5.0E-05 A
Sample length 0.01138 m S 4.0E-05 4
Sample diameter 0.05 m ®
Sample area 1.96E-03 m2 £ S0B-057
8 2.0E-05
El. conductivity of electrolyte high conc. cell 0.586 o/m § 1.0E-05 4
pH of electrolyte high conc. cell 5.78
Temperature of electrolyte high conc. cell 22.8 °C 0.0E+00 T T T T T T "
El. conductivity of electrolyte low conc. cell 0.552 S/m 0 200 400 600 800 1000 1200 1400
pH of electrolyte low conc. cell 5.99 Time (min)
Temperature of electrolyte low conc.cell 229 °C
Mean el. conductivity of electrolytes 0.569 S/m
Time from injection (min) Potential drop (V) Current (A) Cor. resistivity (ohm.m) lodide concentration (mol/l)
0 1417 5.520E-04 4367 1.00E-06]<-- Injection
5 13.82 5.200E-04 4523 8.50E-07|
25 13.78 5.080E-04 4618 1.33E-06
45 13.83 5.060E-04 4653 1.83E-06
65 13.85 5.040E-04 4679 2.51E-06
85 13.85 5.040E-04 4679 3.42E-06
105 13.81 5.040E-04 4665 4.14E-06
122 13.81 5.100E-04 4609 4.81E-06
140 13.84 5.120E-04 4601 5.08E-06
1110 13.53 5.480E-04 4197 5.73E-05
1125 13.8 5.540E-04 4235 5.87E-05
1155 13.83 5.520E-04 4260 6.47E-05|
1185 13.84 5.520E-04 4263 6.31E-05
1245 13.81 5.500E-04 4270 6.80E-05
1310 13.79 5.520E-04 4248 7.11E-05]
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 10 Hz
AC formation factor 10 Hz 6.77 2.94E-04 3910 4.49E-04
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 100 Hz
AC formation factor 100 Hz 6.91 3.12E-04 3759 4.68E-04
Mean 3 corrected resistivity (ohm.m) DC Formaion factor
DC formation factor 4260 4.13E-04
Slope (mol/(m3 s)) De (m2/s) TEM Formation factor
'TEM formation factor 9.20E-07 3.75E-13 1.87E-04|
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Appendix B9

Sample 6: TEM 0.1 M, first run
Borehole and borehole length: KLX04 489.49-489.50

1600
TEM event / feature Value Units T 1400
Start experiment 02/02/2009 09:30 date:time E 1500 wwm
End experiment 02/02/2009 18:35 date:time 3
E 1000
DC main voltage ~25V 2 800
TEM Sample potential drop 572V ‘2 600
Initial porewater concentration 0.1 mol/l E 400
Initial el. conductivity of porewater 1.064 S/m H 200
Temperature of porewater 221 °C L3
Tracer concentration 0.01 mol/l 0 T T T T T T '
Time of injection 02/02/2009 14:00 date:time -400  -300  -200  -100 0 100 200 300
Volume of low concentration tracer cell 1.90E-04 m3 Time (min)
Surrounding electrolyte concentration 0.1 mol/l
Initial el. conductivity of electrolyte 1.07 S/m
Initial temperature of electrolyte 221°C
Lenght of water column 1 0.133 m _ 16E05 y = 5.529E-08x + 1.597E-06
Lenght of water column 2 0.133 m "E’ 1.4E-05 R?=9.724E-01 rS
Inner diameter of cell 0.0405 m 2 12E-05
Inner cell area 1.29E-03 m2 E 1.0E-05
Sample length 0.00968 m =
Sample diameter 0.05 m S 8.0E-06
Sample area 1.96E-03 m2 £ 6.0E-06
§ 4.0E-06
El. conductivity of _eIec(ronTe high conc. cell 1.197 S/m 5 2. 0E-06 °
pH of electrolyte high conc. cell 6.23 o
Temperature of electrolyte high conc. cell 238 °C 0.0E+00 T T T T |
El. conductivity of electrolyte low conc. cell 1.105 S/m 0 50 100 150 200 250
pH of electrolyte low conc. cell 6.04 Time (min)
Temperature of electrolyte low conc.cell 241 °C
Mean el. conductivity of electrolytes 1.151 S/m
Time from injection (min) Potential drop (V) Current (A) Cor. resistivity (ohm.m) lodide concentration (mol/l)
-310 4.8 6.760E-04 1404
-307 4.01 6.680E-04 1181
-290 3.667 6.460E-04 1115
-240 4.02 6.980E-04 1132
-190 43 7.440E-04 1136
-160 4.49 7.740E-04 1140
-122 4.71 8.080E-04 1146
-105 4.79 8.220E-04 1146
-50 5.1 8.740E-04 1147
-30 517 8.880E-04 1145
-15 4.7 9.260E-04 993
-5 5.07 9.140E-04 1089 5.70E-07|
0 5.4 9.350E-04 1135 9.60E-07|<-- Injection
20 57 9.260E-04 1212 2.96E-06
35 5.72 9.320E-04 1209 3.48E-06
50 5.7 9.260E-04 1212 4.03E-06
63 5.68 9.380E-04 1192 5.65E-06
75 5.7 9.300E-04 1207 6.38E-06
92 5.73 9.120E-04 1238 7.18E-06|
105 5.71 9.220E-04 1220 7.82E-06
120 5.73 9.240E-04 1221 6.95E-06
132 5.71 9.220E-04 1220 7.90E-06
145 5.7 9.220E-04 1218 9.40E-06
160 5.72 9.300E-04 1211 1.02E-05
173 5.72 9.300E-04 1211 1.17E-05
185 5.73 9.340E-04 1208 1.12E-05
200 5.72 9.320E-04 1209 1.35E-05
216 5.74 9.400E-04 1202 1.36E-05
225 5.73 9.400E-04 1200 1.41E-05
235 5.71 9.360E-04 1201 1.47E-05
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 10 Hz
IAC formation factor 10 Hz 4.61 7.44E-04 1220 7.12E-04
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 100 Hz
[AC formation factor 100 Hz 4.69 7.76E-04 1190 7.30E-04
Mean 3 corrected resistivity (ohm.m) DC Formaion factor
DC formation factor 1201 7.23E-04
Slope (mol/(m3 s)) De (m2/s) TEM Formation factor
'TEM formation factor 9.22E-07 3.87E-13 1.93E-04|
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Appendix B10

Sample 6: TEM 0.1 M, second run

Borehole and borehole length: KLX04 489.49-489.50
1200 -
TEM event / feature Value Units £ 1000 1N+‘+‘_‘_FH—‘-H—O—H
Start experiment 03/02/2009 15:00 date:time £
End experiment 03/02/2009 18:10 date:time '\E‘ 800 4
>
DC main voltage ~25V 2 600
TEM Sample potential drop 520 V 2
Initial porewater concentration 0.1 mol/l @ 400
Initial el. conductivity of porewater 1.064 S/m § 200
‘Temperature of porewater 221°C o
Tracer concentration 0.01 mol/l 0 T T T |
Time of injection 03/02/2009 15:00 date:time 0 50 100 150 200
Volume O.f low concentration tracer. cell 1.90E-04 m3 Time (min)
Surrounding electrolyte concentration 0.1 mol/l
Initial el. conductivity of electrolyte 1.07 S/m
Initial temperature of electrolyte 22.1°C
Lenght of water column 1 0.133 m 1.6E-05
Lenght of water column 2 0.133 m g 1.4E-05 _ P
Inner diameter of cell 0.0405 m 3 oe0s y= 5'9522508" +6.981E-07 o
Inner cell area 1.29E-03 m2 ° - R” = 8.202E-01
Sample length 0.00968 m E 10805
Sample diameter 0.05 m § 80E-06
Sample area 1.96E-03 m2 :_é 6.0E-06
— _ § 4.0E-06
El. conductivity of electrolyte high conc. cell 1.19 S/m 2 o ®
pH of electrolyte high conc. cell 5.87 3 2.0E-06
Temperature of electrolyte high conc. cell 23.1°C 0.0E+00 ¥ T T T |
El. conductivity of electrolyte low conc. cell 1.118 S/m 0 50 100 150 200
pH of electrolyte low conc. cell 5.91 . .
Temperature of electrolyte low conc.cell 22.6 °C Time (min)
Mean el. conductivity of electrolytes 1.154 S/m
Time from injection (min) Potential drop (V) Current (A) Cor. resistivity (ohm.m) lodide concentration (mol/l)
0 5.7 1.030E-03 1086 6.60E-07]<-- Injection
15 5.22 9.660E-04 1060 2.70E-06
25 5.19 9.580E-04 1063 3.15E-06
35 5.2 9.640E-04 1058 3.29E-06
45 5.23 9.680E-04 1060 4.39E-06|
57 5.19 9.640E-04 1056 4.86E-06|
75 5.2 9.600E-04 1062 4.97E-06|
90 5.2 9.620E-04 1060 5.45E-06
100 5.2 9.660E-04 1056 5.68E-06
115 5.18 9.680E-04 1049 6.22E-06
130 5.21 9.700E-04 1053 7.21E-06
142 5.19 9.760E-04 1042 7.03E-06
156 5.21 9.880E-04 1033 7.30E-06
170 5.22 9.840E-04 1040 1.23E-05]
180 52 9.820E-04 1038 1.33E-05]
190 5.2 9.820E-04 1038 1.45E-05]
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 10 Hz
IAC formation factor 10 Hz 4.44 8.20E-04 1062 8.16E-04
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 100 Hz
[AC formation factor 100 Hz 4.52 8.46E-04 1047 8.27E-04|
Mean 3 corrected resistivity (ohm.m) DC Formaion factor
DC formation factor 1038 8.34E-04
Slope (mol/(m3 s)) De (m2/s) TEM Formation factor
'TEM formation factor 9.92E-07 4.56E-13 2.28E-04]
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Appendix B11

Sample 6: TEM 0.1 M, third run

Borehole and borehole length: KLX04 489.49-489.50

TEM event / feature
Start experiment
End experiment

Value units
10/02/2009 14:40 date:time
11/02/2009 17:20 date:time

DC main voltage ~25V
TEM Sample potential drop 10.39 V
Initial porewater concentration 0.1 mol/l
Initial el. conductivity of porewater 1.064 S/m
Temperature of porewater 221°C
Tracer concentration 0.01 mol/l
Time of injection 11/02/2009 13:00 date:time
Volume of low concentration tracer cell 1.90E-04 m3
Surrounding electrolyte concentration 0.1 mol/l
Initial el. conductivity of electrolyte ~1 S/m
Initial temperature of electrolyte °C
Lenght of water column 1 0.133 m
Lenght of water column 2 0.133 m
Inner diameter of cell 0.0405 m
Inner cell area 1.29E-03 m2
Sample length 0.00968 m
Sample diameter 0.05 m
Sample area 1.96E-03 m2
El. conductivity of electrolyte high conc. cell 1.101 S/m
pH of electrolyte high conc. cell 6.39
Temperature of electrolyte high conc. cell 221°C
El. conductivity of electrolyte low conc. cell 1.031 S/m
pH of electrolyte low conc. cell 6.25
Temperature of electrolyte low conc.cell 223 °C
Mean el. conductivity of electrolytes 1.066 S/m

Time from injection (min)

-1340
-1335
-1300
-1255
-220
-210
-170
-140
-110

-60
-10

20
40
60
80

100
120
140
160
180
200
220
240
260

Potential drop (V) Current (A)

13.6 8.200E-04
13.58 7.440E-04
13.31 6.880E-04
13.16 6.980E-04
10.54 1.032E-03
10.49 1.032E-03
10.45 1.034E-03
10.44 1.034E-03
10.42 1.036E-03
10.41 1.036E-03
10.41 1.040E-03
10.12 1.068E-03
10.39 1.086E-03

10.4 1.106E-03
10.38 1.090E-03
10.36 1.098E-03
10.39 1.106E-03
10.39 1.112E-03
10.42 1.118E-03

10.4 1.122E-03
10.37 1.120E-03

10.4 1.134E-03

10.4 1.134E-03
10.38 1.138E-03
10.39 1.138E-03

4500
— 4000
13
£ 3500 -
S 3000 1
;‘; 2500
@ 2000 4
8 1500
£
g 1000 +
500 4
0 T T T |
-1500 -1000 -500 0 500
Time (min)
_ 25E05
0
£ 20e0s y = 1.059E-07x - 5.600E-06
° R? = 9.931E-01
E 1se05
]
§ 1.0E-05
é 5.0E-06
g 5
5] o O ©
0.0E+00 ¢ - - - - - !
50 100 150 200 250 300
Time (min)
Cor. resistivity (ohm.m) lodide concentration (mol/l)
3325
3663
3885
3785
2032
2023
2011
2009
2001
1999
1991 8.20E-07|
1883 7.60E-07]<-- Injection
1901 1.48E-06
1868 1.76E-06|
1892 2.15E-06
1875 3.51E-06
1866 4.88E-06
1856 6.25E-06
1851 8.78E-06
1841 1.16E-05|
1839 1.34E-05|
1821 1.60E-05|
1821 1.83E-05|
1811 2.01E-05]
1813 2.12E-05]

AC formation factor 10 Hz

AC formation factor 100 Hz

DC formation factor

'TEM formation factor

Potential drop (V) Current (A)

3.33 6.20E-04
Potential drop (V) Current (A)
3.56 6.46E-04
Mean 3 corrected resistivity (ohm.m)
1815
Slope (mol/(m3 s)) De (m2/s)
1.77E-06 4.05E-13

Cor. resistivity (ohm.m) AC formation factor 10 Hz

Col

r.

1050 8.93E-04

resistivity (ohm.m) AC formation factor 100 Hz
1079 8.70E-04|

DC Formaion factor
5.17E-04|

TEM Formation factor

2.02E-04|
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Appendix B12

Sample 7: TEM 0.05 M, first run

Borehole and borehole length: KLX04 489.61-489.62
25000
TEM event / feature Value units T
Start experiment 09/03/2009 15:35 date:time £ 20000
End experiment 11/03/2009 11:30 date:time 5
> 15000
DC main voltage ~25V s
'TEM Sample potential drop 11.30 V % 10000
Initial porewater concentration 0.05 mol/l °
Initial el. conductivity of porewater 0.543 S/m S 5000
‘Temperature of porewater °C 2
Tracer concentration 0.005 mol/l 04 . . . . . . )
Time of injection 10/03/2009 15:30 date:time
Volume of low concentration tracer cell 1.90E-04 m3 -2000 1800 -1000  -500 0 500 1000 1500
Surrounding electrolyte concentration 0.05 mol/l Time (min)
Initial el. conductivity of electrolyte 0.558 S/m
Initial temperature of electrolyte 243 °C
Lenght of water column 1 0.133 m _ 45E05
:_engh;.of W?ter (f:olulrlnn 2 000132 m 2 4.0E-05
nner diameter of cel . m ] 2 -
Inner cell area 1.29E-03 m2 g ggigg v= 35;35:2;:3?1 E06
Sample length 0.00985 m = 25605 .
Sample diameter 0.05m S 5 0E05
Sample area 1.96E-03 m2 % 1.5E-05
8 1.0E-05
[ET. conductivity of electrolyte high conc. cell 0.602 S5/m g
pH of electrolyte high conc. cell 6.94 3 5.0E-06
Temperature of electrolyte high conc. cell 245 °C 0.0E+00 ¢ T T T T T T 1
El. conductivity of electrolyte low conc. cell 0.565 S/m 0 200 400 600 800 1000 1200 1400
pH of electrolyte low conc. cell 6.64 Time (min)
Temperature of electrolyte low conc.cell 245 °C
Mean el. conductivity of electrolytes 0.5835 S/m
Time from injection (min) Potential drop (V) Current (A) Cor. resistivity (ohm.m) lodide concentration (mol/l)
-1435 18.02 1.953E-04 18322
-1430 18.28 1.736E-04 20920
-1420 18.25 1.704E-04 21279
-1410 18.15 1.716E-04 21013
-1395 18 1.750E-04 20433
-370 11.66 5.780E-04 3951
-365 11.49 5.700E-04 3948
-355 11.45 5.720E-04 3920
-330 11.42 5.760E-04 3882
-315 11.41 5.760E-04 3878
-300 11.4 5.800E-04 3848
-285 11.39 5.820E-04 3831
-270 11.37 5.860E-04 3797
-255 11.36 5.880E-04 3781
-240 11.35 5.900E-04 3764
-225 11.34 5.920E-04 3748
-210 11.33 5.940E-04 3732
-160 11.23 5.960E-04 3685
-150 11.26 5.980E-04 3683
-135 11.28 6.000E-04 3677
-120 11.27 6.020E-04 3661
-90 11.24 6.080E-04 3615
-50 11.21 6.120E-04 3581
-30 11.22 6.120E-04 3584
-15 11.21 6.120E-04 3581
-5 11.2 6.140E-04 3566 3.51E-07
0 11.75 6.180E-04 3719 4.15E-07|<-- Injection
15 11.29 6.000E-04 3680 4.12E-07
30 11.31 6.040E-04 3662 3.72E-07
45 11.31 6.060E-04 3650 3.95E-07|
60 11.3 6.080E-04 3634 4.18E-07|
75 11.29 6.080E-04 3631 4.09E-07|
90 11.27 6.120E-04 3600 4.83E-07|
105 11.31 6.160E-04 3589 5.89E-07
120 11.29 6.160E-04 3583 6.94E-07
135 11.27 6.180E-04 3565 8.35E-07
150 1.3 6.220E-04 3551 1.01E-06|
165 11.28 6.220E-04 3544 1.20E-06
180 1.3 6.240E-04 3539 1.70E-06
195 1.3 6.260E-04 3528 1.87E-06
210 11.34 6.300E-04 3518 2.20E-06
225 11.33 6.300E-04 3514 2.53E-06
240 11.32 6.300E-04 3511 2.79E-06
250 11.31 6.320E-04 3497 3.07E-06
1000 1.3 6.760E-04 3262 3.87E-05|Calibration error
1010 11.29 6.720E-04 3278 3.07E-05
1050 1.3 6.700E-04 3291 3.11E-05
1070 1.3 6.700E-04 3291 3.40E-05|
1115 1.3 6.720E-04 3281 3.44E-05
1140 11.28 6.740E-04 3266 3.52E-05
1170 11.31 6.780E-04 3255 3.65E-05
1200 11.29 6.780E-04 3249 3.66E-05
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 10 Hz
[AC formation factor 10 Hz 6.5 4.540E-04 2783 6.16E-04
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 100 Hz
[AC formation factor 100 Hz 4.780E-04 2665 6.43E-04
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 2000 Hz
[AC formation factor 2000 Hz 6.62 4.920E-04 2612 6.56E-04
Mean 3 corrected resistivity (ohm.m) DC Formaion factor
DC formation factor 3256 5.26E-04|
Slope (mol/(m3s)) De (m2/s) TEM Formation factor
[TEM formation factor 6.16E-07 2.66E-13 1.33E-04|

82

R-09-57




Appendix B13

Sample 7: TEM 0.05 M, second run
Borehole and borehole length: KLX04 489.61-489.62

TEM event / feature

Value units

Start experiment
End experiment

DC main voltage

TEM Sample potential drop

Initial porewater concentration

Initial el. conductivity of porewater
Temperature of porewater

Tracer concentration

Time of injection

Volume of low concentration tracer cell
Surrounding electrolyte concentration
Initial el. conductivity of electrolyte
Initial temperature of electrolyte
Lenght of water column 1

Lenght of water column 2

Inner diameter of cell

Inner cell area

Sample length

Sample diameter

Sample area

11/03/2009 13:15 date:time
12/03/2009 12:00 date:time

~25V
11.47 V
0.05 mol/l
0.543 S/m
°C
0.005 mol/l
11/03/2009 13:15 date:time
1.90E-04 m3
0.05 mol/l
0.558 S/m
243 °C
0.133 m
0.133 m
0.0405 m
1.29E-03 m2
0.00985 m
0.05 m
1.96E-03 m2

pH of electrolyte high conc. cell

pH of electrolyte low conc. cell
Temperature of electrolyte low conc.cell
Mean el. conductivity of electrolytes

Temperature of electrolyte high conc. cell
El. conductivity of electrolyte low conc. cell

El. conductivity of electrolyte high conc. cell

0.604 S/m
6.65

4000
3500
3000
2500
2000
1500
1000

500

Rock resistivity (ohm.m)

0~ T T T T
0 200 400 600 800

Time (min)

1000 1200 1400 1600

y =5.015E-08x - 8.631E-08
R? = 9.993E-01

Concentration (mol/dm3)
»~
o
m
S
(3]

0.0E+00 ¢ T T T T

1000

800

Time (min)

1200 1400 1600

Time from injection (min)

0

5

15
30
45
60
75
90
1056
120
135
150
165
185
200
1195
1215
1245
1275
1305
1335
1365

24.3 °C

0.55 S/m

6.35

24.3 °C
0.577 S/m

Potential drop (V) Current (A)

12.4 7.400E-04
12.01 6.760E-04
11.56 6.500E-04
11.33 6.500E-04

1.3 6.540E-04

1.3 6.620E-04
11.33 6.720E-04
11.28 6.740E-04
11.31 6.820E-04
11.29 6.840E-04
11.32 6.900E-04

1.3 6.940E-04
11.29 6.960E-04
11.33 7.040E-04
11.32 7.060E-04
11.34 7.320E-04
11.33 7.320E-04
11.31 7.360E-04
11.31 7.400E-04
11.29 7.400E-04
11.29 7.400E-04
11.28 7.380E-04

Cor.

S

resistivity (ohm.m) lodide concentration (mol/l)

3269 6.02E-07]<-- Injection
3470 1.35E-06
3474 1.26E-06
3403 2.17E-06
3373 2.67E-06
3331 3.33E-06
3290 3.85E-06
3265 4.59E-08|
3234 5.13E-06
3219 5.80E-06
3199 6.50E-06
3174 7.18E-06
3162 7.76E-06
3137 8.90E-06
3125 9.37E-06
3017 5.72E-05
3014 6.10E-05
2992 6.28E-05
2975 6.38E-05
2970 6.57E-05
2970 6.73E-05
2975 6.95E-05

AC formation factor 10 Hz

AC formation factor 100 Hz

AC formation factor 2000 Hz

DC formation factor

TEM formation factor

Potential drop (V) Current (A)
5.75 4.040E-04

Potential drop (V) Current (A)
5.85 4.300E-04

Potential drop (V) Current (A)
5.82 4.340E-04

Mean 3 corrected resistivity (ohm.m)
2972

Slope (mol/(m3 s)) De (m2/s)
8.36E-07 3.56E-13

Cor. resistivity (ohm.m)

Cor. resistivity (ohm.m)

Co

r.

AC formation factor 10 Hz
2766 6.27E-04|
AC formation factor 100 Hz
2641 6.56E-04
resistivity (ohm.m) AC formation factor 2000 Hz
2602 6.66E-04|

DC Formaion factor
5.83E-04

TEM Formation factor
1.78E-04
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Appendix B14

Sample 8: TEM 0.1 M, first run

Borehole and borehole length: KSH02 474.47-474.48

TEM event / feature Value Units 12000
Start experiment 04/02/2009 18:40 date:time T 10000 4 Saturation of rock may be incomplete
End experiment 05/02/2009 16:55 date:time £
<
S 8000 4
DC main voltage ~25V 2>
TEM Sample potential drop 15.30 V g 6000 -
Initial porewater concentration 0.1 mol/l %
Initial el. conductivity of porewater 1.064 S/m © 4000 4
Temperature of porewater 221 °C k]
Tracer concentration 0.01 mol/l @ 2000 -
Time of injection 05/02/2009 08:00 date:time
Volume of low concentration tracer cell 1.90E-04 m3 0 J J J J ' " ' ' '
Surrounding electrolyte concentration 0.1 mol/l -1000 -800 -600 -400 -200 O 200 400 600 800
Initial el. conductivity of electrolyte 1.078 S/m ** Time (min)
Initial temperature of electrolyte 223 °C
Lenght of water column 1 0.133 m
Lenght of water column 2 0.133 m
Inner diameter of cell 0.0405 m i'g:_gg Failed concentration criterion! &
Inner cell area 1.29E-03 m2 s
Sample length 0.01029 m E 4.0E-06
s ; 3 3.5E-06 00®
ample diameter 0.05m E 00
Sample area 1.96E-03 m2 - 3.0E-06 o
§ 2.5E-06 LN
— - § 2.0E-06 ©,°
El. conductivity of glectrolyte high conc. cell ~1 S/m 2 4506 PPN 0o 4
pH of electrolyte high conc. cell not measured § 1‘0E 06 <><><><><> A4
Temperature of electrolyte high conc. cell not measured g 10E o
El. conductivity of electrolyte low conc. cell ~1 S/m 5.0E-07 $600°
pH of electrolyte low conc. cell not measured 0.0E+00 + T T T T T |
Temperature of electrolyte low conc.cell not measured °C 0 100 200 300 400 500 600
Mean el. conductivity of electrolytes 1 .S/m ) .
Time (min)
** Electrical conductivity used in DC formation factor
Time from injection (min) Potential drop (V) Current (A) Cor. resistivity (ohm.m) lodide concentration (mol/l)
-800 18.45 3.800E-04 9228
-795 18.3 3.514E-04 9901
-780 18.08 3.404E-04 10098
-760 17.95 3.450E-04 9891
-740 17.87 3.530E-04 9623
-45 15.27 5.060E-04 5722
-30 15.25 5.020E-04 5760
-15 15.24 5.040E-04 5733
-5 15.22 5.040E-04 5726 4.00E-07
0 155 5.280E-04 5565 4.50E-07|<-- Injection
15 15.31 5.400E-04 5373 3.90E-07
30 15.3 5.440E-04 5330 4.30E-07
45 15.31 5.240E-04 5539 4.40E-07
60 15.31 5.280E-04 5496 5.50E-07
75 15.32 5.260E-04 5521 1.00E-06
90 15.31 5.340E-04 5434 9.10E-07
105 15.3 5.340E-04 5431 9.40E-07
115 15.29 5.580E-04 5192 1.00E-06
140 15.29 5.520E-04 5249 1.15E-06
150 15.29 5.520E-04 5249 1.40E-06
165 15.31 5.500E-04 5275 1.22E-06
180 15.33 5.520E-04 5263 1.35E-06
195 15.31 5.520E-04 5256 1.18E-06
210 15.27 5.560E-04 5204 1.50E-06
225 15.28 5.580E-04 5189 1.41E-06
240 15.31 5.560E-04 5218 1.50E-06
280 15.24 5.580E-04 5175 1.59E-06
300 15.29 5.620E-04 5155 1.56E-06
315 15.27 5.680E-04 5093 1.75E-06
330 15.29 5.740E-04 5046 2.16E-06
345 15.28 5.780E-04 5008 1.90E-06
360 15.29 5.840E-04 4959 2.24E-06
375 15.31 5.900E-04 4915 2.48E-06
390 15.3 5.940E-04 4878 2.36E-06
405 15.32 6.000E-04 4836 2.85E-06
420 15.3 6.020E-04 4813 2.76E-06
435 15.32 6.080E-04 4772 3.26E-06
450 15.31 6.180E-04 4691 3.41E-06
465 15.34 6.160E-04 4715 3.32E-06
480 15.33 6.160E-04 4712 3.44E-06
495 15.32 6.160E-04 4709 3.52E-06
510 15.31 6.160E-04 4706 3.68E-06
525 15.3 6.160E-04 4703 4.50E-06
535 15.31 6.180E-04 4691 4.69E-06
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 10 Hz
IAC formation factor 10 Hz not measured
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 100 Hz
AC formation factor 100 Hz not measured
Mean 3 corrected resistivity (ohm.m) DC Formaion factor
DC formation factor 4700 1.97E-04|
Slope (mol/(m3 s)) De (m2/s) TEM Formation factor
[TEM formation factor failed measurement
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Appendix B15

Sample 8: TEM 0.1 M, second run

Borehole and borehole length: KSH02 474.47-474.48
6000
TEM event / feature Value Units ’g I
Start experiment 06/02/2009 08:15 date:time E
End experiment 06/02/2009 18:00 date:time S 4000
>
DC main voltage 25V 2 3000
'TEM Sample potential drop 14.01 V %
. . o 2000
Initial porewater concentration 0.1 mol/l =z
Initial el. conductivity of porewater 1.064 S/m S 1000
Temperature of porewater 221°C x
Tracer concentration 0.01 mol/l 0 T T T T '
Time of injection 06/02/2009 08:15 date:time 0 100 200 300 400 500
Volume of low concentration tracer cell 1.90E-04 m3 Time (min)
Surrounding electrolyte concentration 0.1 mol/l
Initial el. conductivity of electrolyte 1.063 S/m
Initial temperature of electrolyte 22.7 °C Failed concentration criterion!
Lenght of water column 1 0.133 m _ 6.0E-06 Second run, therefore half concentration criterium
Lenght of water column 2 0.133 m vg 5.0E-06 accepted!
Inner diameter of cell 0.0405 m 37 a
Inner cell area 1.29E-03 m2 o
Sample length 0.01029 m % 40808 v= 1'??5?3;{;:'3138506
Sample diameter 0.05 m ] 3.0E-06 e a >
Sample area 1.96E-03 m2 g 2.0E-06 o o oo
El. conductivity of electrolyte high conc. cell 1.192 S/m § 1.0E-06 060000
pH of electrolyte high conc. cell 6.05 S o 0O Co0
Temperature of electrolyte high conc. cell 23.1°C 0.0E+00 -+ : T T T |
El. conductivity of electrolyte low conc. cell 1.104 S/m 0 100 200 300 400 500
pH of electrolyte low conc. cell 6.04 . .
Temperature of electrolyte low conc.cell 24 °C Time (min)
Mean el. conductivity of electrolytes 1.148 S/m
Time from injection (min) Potential drop (V) Current (A) Cor. resistivity (ohm.m) lodide concentration (mol/l)
0 14 6.200E-04 4274 7.40E-07|<-- Injection
7 14.01 5.780E-04 4591 4.90E-07
15 14.02 5.540E-04 4795 4.40E-07
30 14.003 5.440E-04 4877 4.30E-07
45 14.02 5.400E-04 4920 5.50E-07
75 14.03 5.480E-04 4851 7.70E-07
90 14.03 5.500E-04 4833 6.20E-07
105 14.05 5.520E-04 4822 5.60E-07
120 14.04 5.560E-04 4784 1.25E-06
135 14.02 5.600E-04 4743 1.17E-06
150 14.03 5.640E-04 4712 1.16E-06
165 14.03 5.660E-04 4696 1.27E-06
180 14.02 5.700E-04 4659 1.31E-06
195 14.03 5.720E-04 4646 1.38E-06
210 14.01 5.760E-04 4607 1.60E-06
225 14.01 5.780E-04 4591 1.75E-06
265 14 5.860E-04 4524 1.82E-06
285 14.01 5.900E-04 4497 2.13E-08|
300 14 5.940E-04 4463 2.46E-06
315 14.02 5.980E-04 4439 2.70E-06
330 14.01 6.000E-04 4421 2.93E-06
345 14.01 6.040E-04 4392 2.95E-06
360 13.97 6.080E-04 4350 3.41E-06
375 14.02 6.120E-04 4337 3.11E-06
390 13.97 6.180E-04 4279 3.53E-06
405 14.02 6.200E-04 4281 3.80E-06
420 14.02 6.200E-04 4281 4.20E-06
435 14.02 6.220E-04 4267 4.32E-06
450 14.03 6.240E-04 4256 4.78E-06
465 14.03 6.260E-04 4242 5.06E-06
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 10 Hz
IAC formation factor 10 Hz 5.23 2.67E-04 3703 2.35E-04
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 100 Hz
IAC formation factor 100 Hz 5.34 2.82E-04 3579 2.43E-04
Mean 3 corrected resistivity (ohm.m) DC Formaion factor
DC formation factor 4255 2.05E-04|
Slope (mol/(m3 s)) De (m2/s) TEM Formation factor

'TEM formation factor

2.58E-07

4.69E-14

2.35E-05|
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Appendix B16

Sample 8: TEM 0.1 M, third run

Borehole and borehole length: KSH02 474.47-474.48

TEM event / feature Value units E 0000
Start experiment 09/02/2009 10:40 date:time £ 5000 ;M\
End experiment 10/02/2009 13:30 date:time s 4000
>
> )
DC main voltage ~25V 2 3000 4
'TEM Sample potential drop 1313 V 2 2000
Initial porewater concentration 0.1 mol/l 2
Initial el. conductivity of porewater 1.064 S/m § 1000 -
Temperature of porewater 22.1°C o 0 i i i .
Tracer concentration 0.01 mol/l
Time of injection 09/02/2009 10:40 date:time 0 500 1000 1500 2000
Volume of low concentration tracer cell 1.90E-04 m3 Time (min)
Surrounding electrolyte concentration 0.1 mol/l
Initial el. conductivity of electrolyte 1.063 S/m
Initial temperature of electrolyte 22.7 °C 2.5E-05 -
Lenght of water column 1 0.133 m =
Lenght of water column 2 0.133 m £ 2.0E-05 - _
Inner diameter of cell 0.0405 m 3 20805 y= 1'5228_508)( - 2791E-08
Inner cell area 1.29E-03 m2 E R"=9.968E-01
~ 1.5E-05 q
Sample length 0.01029 m 5
Sample diameter 0.05 m s
Sample area 1.96E-03 m2 g 1.08-05
o
El. conductivity of electrolyte high conc. cell 1.096 S/m 5 S5.0E-06 4
pH of electrolyte high conc. cell 6.48 ©
Temperature of electrolyte high conc. cell 224 °C 0.0E+00 & T T T |
El. conductivity of electrolyte low conc. cell 1.032 S/m 0 500 1000 1500 2000
pH of electrolyte low conc. cell 6.38 ) .
Temperature of electrolyte low conc.cell 224 °C Time (min)
Mean el. conductivity of electrolytes 1.064 S/m
Time from injection (min) Potential drop (V) Current (A) Cor. resistivity (ohm.m) lodide concentration (mol/l)
0 13.5 5.500E-04 4647 6.50E-07]<-- Injection
5 13.09 5.000E-04 4959 5.60E-07
20 13.08 4.800E-04 5163 6.00E-07|
50 13.12 4.780E-04 5200 4.10E-07
70 13.11 4.860E-04 5110 4.60E-07
130 13.23 5.020E-04 4992 8.00E-07
165 13.1 5.060E-04 4903 1.26E-06
180 13.12 5.060E-04 4911 1.12E-06
205 13.1 5.140E-04 4826 1.19E-06
220 13.15 5.160E-04 4826 1.25E-06
240 13.12 5.160E-04 4815 1.44E-06
265 13.15 5.240E-04 4752 1.51E-06
280 13.12 5.260E-04 4722 1.65E-06
300 13.12 5.300E-04 4687 1.70E-06
315 13.12 5.340E-04 4651 2.10E-08|
330 13.13 5.360E-04 4637 2.15E-06
1355 13.36 6.800E-04 3712 1.87E-05
1370 13.1 6.680E-04 3705 1.81E-05)
1400 13.09 6.700E-04 3691 1.86E-05)
1430 13.07 6.720E-04 3674 1.47E-05|Calibration error
1460 13.13 6.740E-04 3680 1.67E-05|Calibration error
1490 13.09 6.760E-04 3658 1.96E-05)
1520 13.09 6.760E-04 3658 2.04E-05
1565 13.09 6.800E-04 3636 2.09E-05|
1610 13.12 6.880E-04 3602 2.25E-05]
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 10 Hz
AC formation factor 10 Hz 5.59 3.36E-04 3138 3.00E-04
Potential drop (V) Current (A) Cor. resistivity (ohm.m) AC formation factor 100 Hz
IAC formation factor 100 Hz 5.72 3.47E-04 3108 3.02E-04
Mean 3 corrected resistivity (ohm.m) DC Formaion factor
DC formation factor 3632 2.59E-04
Slope (mol/(m3 s)) De (m2/s) TEM Formation factor
'TEM formation factor 2.55E-07 4.92E-14 2.46E-05)
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Appendix B17

Sample 9: TEM 0.05 M, first run

Borehole and borehole length: KSH02 474.66-474.67
__ 20000
TEM event / feature Value Units £ 18000
Start experiment 02/03/2009 13:20 date:time E 16000
End experiment 04/03/2009 14:50 date:time S 14000
2 12000
DC main voltage ~25V % 13888
TEM Sample potential drop 1547 V ? 6000
Initial porewater concentration 0.05 mol/l = 4000
Initial el. conductivity of porewater 0.543 S/m S 2000
Temperature of porewater °C «© 04 . . . . .
Tracer concentration 0.005 mol/l 1500  -1000  -500 0 500 1000 1500
Time of injection 03/03/2009 13:30 date:time ) i
\VVolume of low concentration tracer cell 1.90E-04 m3 Time (min)
Surrounding electrolyte concentration 0.05 mol/l
Initial el. conductivity of electrolyte 0.564 S/m
Initial temperature of electrolyte °C 4.0E-05 -
Lenght of water column 1 0.133 m -
Lenght of water column 2 0.133 m £ 3.56-05 1 y = 2.586E-08x - 3.403E-06
Inner diameter of cell 0.0405 m 3 3.0E-05 4 R? = 9.995E-01
Inner cell area 1.29E-03 m2 £ 25E-05
Sample length 0.01027 m S 2.0E-05 4
Sample diameter 0.05 m “E 15E-05
Sample area 1.96E-03 m2 £
8 1.0E-05 -
El. conductivity of electrolyte high conc. cell 0.602 S/m S 5.0E-06 4
pH of electrolyte high conc. cell 7.09 o 0.0E+00
Temperature of electrolyte high conc. cell 223 °C . ! ! ! ! ! !
El. conductivity of electrolyte low conc. cell 0.546 S/m 0 200 400 600 800 1000 1200
H of electrolyte low conc. cell 6.67 i i
Ell'emperature);tf electrolyte low conc.cell 223 °C Time (min)
Mean el. conductivity of electrolytes 0.574 S/m
Time from injection (min) Potential drop (V) Current (A) Cor. resistivity (ohm.m) lodide concentration (mol/l)
-1450 17.65 2.226E-04 15091
-1440 17.19 1.894E-04 17283
-1425 16.97 1.942E-04 16638
-1410 16.65 2.024E-04 15659
-1390 17.01 2.168E-04 14932
-1370 16.73 2.304E-04 13814
-1350 16.47 2.408E-04 13008
-1330 16.16 2.538E-04 12105
-1310 15.94 2.644E-04 11457
-1290 15.98 2.756E-04 11017
-1270 15.42 2.890E-04 10132
-1250 15.25 2.978E-04 9722
-1230 15.05 3.094E-04 9231
-1210 14.82 3.204E-04 8775
-255 1.3 5.900E-04 3593
-175 11.29 5.980E-04 3541
-140 11.28 5.960E-04 3550
-120 11.3 5.960E-04 3556
-90 11.32 5.960E-04 3563
-45 11.32 6.000E-04 3538
-10 11.32 6.000E-04 3538 4.75E-07
0 11.9 6.020E-04 3711 1.02E-06[<-- Injection
15 11.89 6.040E-04 3695 5.67E-07
30 11.89 6.040E-04 3695 5.72E-07
60 11.88 6.060E-04 3679 5.79E-07
75 11.88 6.080E-04 3667 7.57E-07
90 11.88 6.080E-04 3667 7.76E-07
110 11.8 6.100E-04 3630 8.90E-07
130 11.79 6.140E-04 3602 1.09E-06
150 11.81 6.160E-04 3597 1.25E-06
170 11.8 6.160E-04 3594 1.67E-06
190 11.81 6.180E-04 3585 2.06E-06
210 11.79 6.160E-04 3590 2.50E-06
230 11.79 6.160E-04 3590 2.78E-06
250 11.8 6.160E-04 3594 3.23E-06
270 11.8 6.160E-04 3594 3.52E-06
290 11.8 6.180E-04 3582 3.98E-06
310 11.82 6.180E-04 3588 4.31E-06|
1005 11.61 6.400E-04 3399 2.24E-05
1020 11.8 6.460E-04 3424 2.24E-05
1035 11.81 6.460E-04 3426 2.30E-05
1050 11.81 6.460E-04 3426 2.38E-05]
1070 11.83 6.480E-04 3422 2.43E-05
1475 11.77 6.340E-04 3481 3.50E-05
1500 11.79 6.320E-04 3498 3.54E-05
1520 11.8 6.320E-04 3501 3.63E-05
Potential drop (V)  Current (A) Cor. resistivity (ohm.m) AC formation factor 10 Hz
AC formation factor 10 Hz 6.39 4.060E-04 2940 5.93E-04|
Potential drop (V)  Current (A) Cor. resistivity (ohm.m) AC formation factor 100 Hz
AC formation factor 100 Hz 6.52 4.180E-04 2913 5.98E-04|
Potential drop (V)  Current (A) Cor. resistivity (ohm.m) AC formation factor 2000 Hz
AC formation factor 2000 Hz 6.53 3.980E-04 3068 5.68E-04|
Mean 3 corrected resistivity (ohm.m) DC Formaion factor
DC formation factor 3493 4.99E-04|
Slope (mol/(m3s)) De (m2/s) TEM Formation factor
TEM formation factor 4.31E-07 1.41E-13 7.05E-05
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Appendix B18

Sample 9: TEM 0.05 M, second run

Borehole and borehole length: KSH02 474.66-474.67
__ 4000
TEM event / feature Value Units E 3500
Start experiment 04/03/2009 15:20 date:time E 3000 o- *000000
End experiment 05/03/2009 11:30 date:time o
> 2500
DC main voltage ~25V 2 2000
TEM Sample potential drop 11.80 V % 1500
Initial porewater concentration 0.05 mol/l 2 1000
Initial el. conductivity of porewater 0.543 S/m 3
by 8 500
Temperature of porewater C [4
Tracer concentration 0.005 mol/l 0- j " i ! ! ! '
Time of injection 04/03/2009 15:20 date:time 0 200 400 600 800 1000 1200 1400
Volume of low concentration tracer cell 1.90E-04 m3 Time (min)
Surrounding electrolyte concentration 0.05 mol/l
Initial el. conductivity of electrolyte 0.564 S/m
Initial temperature of electrolyte °C
Lenght of water column 1 0.133 m _. 4.0E-05
Lenght of water column 2 0.133 m ‘E 3.5E-05 y = 3.140E-08x - 4.790E-07
Inner diameter of cell 0.0405 m 2 30E-05 R? = 9.973E-01
Inner cell area 1.29E-03 m2 2 25605
Sample length 0.01027 m -
Sample diameter 0.05 m S 20E-05
Sample area 1.96E-03 m2 8 15E-05
& 1.0E-05
El. conductivity of electrolyte high conc. cell 0.603 S/m E 5.0E-06
pH of electrolyte high conc. cell 6.52 o
Temperature of electrolyte high conc. cell 224 °C 0.0E+00 4 T T T T T T !
El. conductivity of electrolyte low conc. cell 0.554 S/m 0 200 400 600 800 1000 1200 1400
H of electrolyte low conc. cell 6.32 . "
"Femperature )gf electrolyte low conc.cell 224 °C Time (min)
Mean el. conductivity of electrolytes 0.5785 S/m
time (min) potential drop (V) current (A) cor. resistivity (ohm.m) iodide concentration (mol/l)
0 11.79 7.200E-04 3062 4.25E-07|<-- Injection
10 11.81 6.440E-04 3438 5.78E-07
25 11.82 6.220E-04 3565 9.21E-07
40 11.76 6.220E-04 3546 1.31E-06
55 11.8 6.380E-04 3468 1.76E-06
70 11.81 6.420E-04 3449 2.21E-06
85 1.8 6.520E-04 3392 2.66E-06]
100 11.79 6.600E-04 3347 3.07E-06
120 11.77 6.700E-04 3290 3.40E-06
140 11.81 6.800E-04 3252 4.03E-06]
160 11.77 6.820E-04 3231 4.43E-06
1075 11.84 7.220E-04 3067 3.46E-05
1110 11.81 7.180E-04 3077 3.42E-05]
1130 11.8 7.160E-04 3083 3.46E-05
1150 11.81 7.180E-04 3077 3.57E-05
1170 11.81 7.180E-04 3077 3.58E-05]
1190 11.82 7.160E-04 3088 3.67E-05
1210 11.82 7.180E-04 3079 3.74E-05

IAC formation factor 10 Hz

AC formation factor 100 Hz

AC formation factor 2000 Hz

DC formation factor

[TEM formation factor

Potential drop (V)
5.83

Current (A)
4.020E-04

Potential drop (V)
5.92

Current (A)
4.140E-04

Potential drop (V)
5.99

Current (A)
4.020E-04

Mean 3 corrected resistivity (ohm.m)
3081

Slope (mol/(m3 s)) De (m2/s)
5.23E-07 2.24E-13

Cor. resistivity (ohm.m) AC formation factor 10 Hz

2704

6.39E-04|

Cor. resistivity (ohm.m) AC formation factor 100 Hz

Cor.

resistivity (ohm.m)
2781

6.48E-04|

AC formation factor 2000 Hz
6.22E-04

DC Formaion factor
5.61E-04

TEM Formation factor

1.12E-04

88

R-09-57



Appendix B19

Sample 9: TEM 0.05 M, third run

Borehole and borehole length: KSH02 474.66-474.67

TEM event / feature

Value Units

Start experiment
End experiment

06/03/2009 08:30 date:time
06/03/2009 15:00 date:time

DC main voltage ~25V
' TEM Sample potential drop 13.30 V
Initial porewater concentration 0.05 mol/l
Initial el. conductivity of porewater 0.543 S/m
[ Temperature of porewater °C
Tracer concentration 0.005 mol/l
Time of injection 06/03/2009 08:30 date:time
Volume of low concentration tracer cell 1.90E-04 m3
Surrounding electrolyte concentration 0.05 mol/l
Initial el. conductivity of electrolyte 0.558 S/m
Initial temperature of electrolyte 243 °C
Lenght of water column 1 0.133 m
Lenght of water column 2 0.133 m
Inner diameter of cell 0.0405 m
Inner cell area 1.29E-03 m2
Sample length 0.01027 m
Sample diameter 0.05 m
Sample area 1.96E-03 m2
El. conductivity of electrolyte high conc. cell 0.71 S/m
pH of electrolyte high conc. cell 6.63
Temperature of electrolyte high conc. cell 245°C
El. conductivity of electrolyte low conc. cell 0.56 S/m
pH of electrolyte low conc. cell 7.58
Temperature of electrolyte low conc.cell 245 °C
Mean el. conductivity of electrolytes 0.635 S/m
Time from injection (min) Potential drop (V) Current (A)
0 13.1 5.940E-04
20 13.29 4.700E-04
40 13.26 4.620E-04
60 13.3 4.680E-04
80 13.31 4.840E-04
100 13.3 4.940E-04
120 13.29 5.060E-04
135 13.32 5.160E-04
255 13.28 5.580E-04
270 13.31 5.600E-04
290 13.27 5.640E-04
310 13.29 5.740E-04
330 13.31 5.920E-04
350 13.28 6.320E-04
370 13.32 6.480E-04
390 13.3 6.560E-04

6000
E
£ 5000
£
< 4000
b
2 3000
B
$ 2000
g 1000
[
0+ - - - - !
0 100 200 300 400 500
Time (min)
1.2E-05 -
2 1.08-05
£ y = 2.913E-08x - 1.153E-06
?E, 8.0E-06 | R? = 9.908E-01
§ 6.0-06 -
g
€ 4.0E-06 -
H
2.0E-06
o 3
000
0.0E+00 - - - - !
0 100 200 300 400 500
Time (min)
Cor. resistivity (ohm.m) lodide concentration (mol/l)
4154 1.18E-06]<-- Injection
5344 8.27E-07|
5425 9.53E-07|
5371 1.03E-06
5195 1.35E-06
5085 1.64E-06
4959 2.19E-06
4873 2.52E-06
4488 6.46E-06|
4482 7.14E-06
4436 7.49E-06|
4364 7.95E-06
4236 8.66E-06
3955 8.98E-06
3868 9.37E-06
3814 9.84E-06

IAC formation factor 10 Hz

IAC formation factor 100 Hz

AC formation factor 2000 Hz

DC formation factor

TEM formation factor

Potential drop (V) Current (A)
5.97 3.490E-04

Potential drop (V) Current (A)

3.620E-04

Potential drop

V) Current (A)
.08 3.820E-04

o

Mean 3 corrected resistivity (ohm.m)
3879

Slope (mol/(m3s)) De (m2/s)
4.89E-07 1.87E-13

Cor. resistivity (ohm.m) AC formation factor 10 Hz

3208 4.91E-04|

Cor. resistivity (ohm.m) AC formation factor 100 Hz

Cor.

3154 4.99E-04|

resistivity (ohm.m) AC formation factor 2000 Hz

2981 5.28E-04

DC Formaion factor
4.06E-04|

TEM Formation factor
9.36E-05|
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Appendix C

Guide how to read raw data spread sheet

In the spread sheet below there are explanations helping the reader understanding what data
represents and from where data are taken.

Sample no.: NaCl background electrolyte concentration; first, second or third run
Borehole and borehole length sample is taken from:

TEM event / feature Value Units £ 2500 1 Rock resistiviy = corrected resistivity
Start experiment date:time £ 2000 M
End experiment date:time i
= 2 1500
- DC main voltage (potential drop over the entire cell) \% 2
o Potential drop over the studied sample \Y 2 1000
3 NaCl concentration in pore water at initiation of trace test mol/l ;'-'
= EC of solution the sample is equilibrated with prior to tracer test S/m g 500
8 Temperature of porewater °C ©
g ‘a':; lodide tracer concentration in the source electrolyte mol/l 0+ i T i i T T !
3E Time of tracer injection date:time -100 -50 0 50 100 150 200 250
‘6— 'g Volume of low concentration tracer cell m3 Time (min)
- & Surrounding electrolyte NaCl concentration mol/l
% o EC of solution the sample prior to the tracer test S/m
2 Initial temperature of electrolyte surroundn.mg the sample °C 1805 TEM tracer test breakthrough curve
S Lenght of water column 1, between potential electrode and sample m -
§ Lenght of water column 2, between potential electrode and sample m 2 1.6E-05
- Inner diameter of the TEM cylinder m T 1.4E-05 y = 1.206E-07x - 8.090E-06
= Inner area of the TEM cylinder m2 2 12605 R’ = 9.962E-01
= Sample length m = 1.0E-05
Sample diameter m 2 8.0E-06
Sample area m2 ;E 6.0E-06
) <o
B o | [T conductivity of electrolyte high conc. cell Sim E 4.0E-06 N A4
3£ .g\ pH of electrolyte high conc. cell o 20E-06 2 ©
SB 5’| [Temperature of electrolyte high conc. cell °C 0.0E+00 + T T T T |
§ 8 5 | |El conductivity of electrolyte low conc. cell S/m 0 50 100 150 200 250
= = 8 pH of electrolyte low conc. cell Time (min)
C 7 © | [Temperature of electrolyte low conc.cell °C
[ Mean el. conductivity of the two surrouding electrolytes S/m
Time from injection (min) Potential drop (V)  Current (A) Cor. resistivity (ohm.m) lodide concentration (mol/l)
v The time relative to tracer injection
() The potential drop over the studied sample,
§ The current running througt the cell
3 The rock resistivity, corrected for potential drop in water columns
o lodide concentration in low concentration tracer compartme
8 -140 10.44 1.034E-03 2009
E, -110 10.42 1.036E-03 2001
E -60 10.41 1.036E-03 1999
_g -10 10.41 1.040E-03 1991 8.20E-07|
- 0 10.12 1.068E-07 1883 7.60E-07|<-- Tracer injection
o 20 10.39 1.086E-43 1901 1.48E-06
2 40 10.4 1.106E-03 1868 1.76E-06|
2 60 10.38 1.090£-03 1892 2.15E-06
g 80 10.36 1.098E-03 1875 3.51E-06
© 100 10.39 1.706E-03 1866 4.88E-06
© 120 10.39 1.112E-03 1856 6.25E-06
= 140 10.42 1.118E-03 1851 8.78E-06
g 160 10.4 1.122E-03 1841 1.16E-05
"4 180 10.37 1.120E-03 1839 1.34E-05
200 10.4 1.134E-03 1821 1.60E-05
Potential drop (V)  Current (A) Cor. resistiyity (ohm.m) AC formation factor 10 Hz

The potential drop «ver the studied sample,
The current running through the cell
The rock fesistivity, corrected for potential drop in water columns
Obtained AC apparent formation factor at 10 or 100 Hz

AC formation factor 10 Hz 3.33 6.20E-04 1050 8.93E-04
IAC formation factor 100 Hz 3.56 6.46E-04 1079 8.70E-04
Mean 3 corrected resistivity (ohm.m) DC Formaion factor

Mean value of last three corrected resistivties
Obtained DC apparent formation factor
DC formation factor 1815 5.17E-04
Slop: (mol/(m3's)) De (m2/s) TEM Formation factor
Slope of steady state part corrected for volume, slope can be used for obtaining N
De calculated from equation

I EM formation factor calculated from equation

Formation factor and apparent formation
factor (also raw data)

TEM formation factor 1.77E-06 4.05E-13 ) 2.02E-04]
FzD, dau ¥zD au
N € cc 22 —_Ff. weo 42
“ RT 7 dx 7 RT 7 dx
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Appendix D

Test with impervious sample

Two studies were made using an impervious Plexiglas slab instead of the central rock sample in the
TEM cell. The aims of the studies were:

1) To confirm that there is no substantial void space between the rock sample, the sealing ring, and
the TEM cylinder. In such void space the electrical current would be conducted and as a result the
obtained rock resistivity would be underestimated.

2) To confirm that the TEM equipment does not significantly disturb the rock resistivity measure-
ments. Especially for the AC measurements one can expect that capacitance effects in the filter
rocks (and possibly other part of the equipment) give rise to an underestimated rock resistivity.

Figure D-1 shows the development of the Plexiglas/sealing ring resistance as measured by direct
current. In the measurements the background electrolyte of the TEM equipment was 0.05 M NaCl.

The fact that is takes so long time to stabilise the system may indicate that there are polarisation
effects. In any case, the resistance should be compared with that if a typical rock sample placed in
the equipment. If using the same background electrolyte, then the rock sample resistance is about
10,000 — 20,000 ohm. From this one can conclude that there is no significant void space between
the sealing ring and the TEM equipment.

To test that there is no significant void space between the sealing ring and the rock sample, compara-
tive measurements were made. In these measurements the sealing ring was either fitted normally on
the rock sample, or glued to the rock sample. No significant differences in measured rock sample/
sealing ring resistance could be seen, and it was thus concluded that there is no significant void
space between the sealing ring and rock sample.

When measuring the resistance of the setup using AC, with the power supply connected to the
potential electrodes, the resistance decreased with increasing frequency. For 10, 100, and 2,000 Hz,
the resistances were 2.2-10°, 2.0-10%, and 3.1-10° ohm, respectively. This indicates capacitance
effects, for example in the filter rocks. In the context of the resistivity of a typical rock sample, the
influence from these capacitance effects are insignificant at 10 and 100 Hz, and minor at 2,000 Hz.

8.E+06

- )_‘_‘_/—v—\

4.E+06

2.E+06

Resistance (ohm)

0.E+00 T T T T T
0 50 100 150 200 250 300

Time (minutes)

Figure D-1. Development of the Plexiglas/sealing ring resistance as measured by DC.
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