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Experimental evaluation of the impact of the interactions
of CO,-SO,, brine, and reservoir rock on petrophysical
properties: A case study from the Ketzin

test site, Germany
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D-14473 Potsdam, Germany (juliane.kummerow@gfz-potsdam.de)

[1] The objective of this study is to evaluate the impact of impure CO, on a possible CO, repository. Here
we present experimental data on the simulation of the injection of pure CO, and CO, and cocontaminant
SO, into a saline aquifer. Long-term exposure experiments with pure CO, reveal no significant changes in
the petrophysical properties (electrical resistivity, elastic wave velocity, and permeability). In contrast, for
the injection of CO, and cocontaminant SO, (1 vol %) we have observed significant and irreversible
changes of all monitored physical parameters. On the one hand, the decrease of P wave velocity and
the increase of electrical resistivity indicate a dissolution of some framework material. On the other hand,
the decrease of permeability points to the mobilization and redistribution of fines. These data might be rel-
evant for subsequent modeling and estimations about tolerable concentration limits regarding the contami-
nants of CO, to be stored.
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1. Introduction gas treatment or cryogenic liquefaction are aimed
to produce CO, as pure as possible. However,

[2] CO, capture and storage (CCS) in geological the CO, aerated.ﬂue gas contains still at least 1
formations is considered as a mitigating approach 0 2% of contaminants, e.g., N, Ar, O, SO, and
to meet middle- to long-term targets in reducing N_Ox- Generally the pleanmg of CO; is COSﬂ_Y apd
anthropogenic CO, emission [International Energy will reduce the efficiency of a power plant s1gn1f1-
Agency, 2004; Intergovernmental Panel on Climate ~ cantly [e.g., Kather and Scheffknecht, 2009]. While
Change, 2005]. Combustion technologies like the ~ from a chemical point of view, no critical interac-
Oxyfuel method and coal gasification in combi-  tions on ﬂuldg and rocks are expected for Ar and
nation with purification procedures such as amine N2 the contaminants SO,, NOy and O, may have a
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Table 1. The pKg Values at 25°C*

Acid Base pKs
H,S0,4 HSO,4 —-3.00
HNO; NO; ~1.37
H,SO; HSO3; +1.90
CO; + H,O HCO3 +6.35

*After Riedel [2004] (pKs = —lg K).

considerable impact on the integrity of reservoir
and caprocks. Many aspects of the influence of pure
CO, on formation water and reservoir/caprocks
have been studied. Our own research as well as
published studies, show that at least quartz-rich
sandstones are not altered significantly, and the
amount of newly formed minerals is quite small
[Spangenberg and Borm, 2001; Schiitt et al., 2005;
Forster et al., 2006; Xue and Lei, 2006]. To our
knowledge, hardly any data are publicly available
which describe the influence of SO, and NO, dis-
solved in formation water on geological CO, repos-
itories. Only some modeling studies have been
published, but without any experimental validation
[Knauss et al., 2005; Xu et al., 2007]. While CO,
forms just a weak acid with water (Table 1), SO,
and NO, have higher water solubilities, dissociate
more easily, and, thus, form strong acids (sulfurous
acid, sulfuric acid, nitric acid). Hence, even though
SO, and NO, occur only in small concentrations in
the flue gas they should have, at least theoretically,
a much stronger impact on the rock components
than that of carbonic acid. It is also known that
the solubility of sulfates in water is mostly lower
than that of carbonates. Both dissolution and pre-
cipitation of minerals can strongly change the criti-
cal reservoir properties, porosity and permeability
[Johnson et al., 2001; Xu et al., 2004; Schiitt et al.,
2005; Li et al., 2006; Le Guen et al., 2007].

[3] Since 2004 the first European on shore research
storage test site has been operated in Ketzin
(Brandenburg, Germany) to study CO, storage in a
terrestrial saline aquifer. Currently, food grade CO,
is injected into the reservoir. However, discussions
are ongoing to inject flue gas captured from an
Oxyfuel pilot power plant directly. Besides CO,,
these gases also contain SO, and NO,. For this
reason we have investigated the impact of pure
and impure CO, on the petrophysical parameters of
a sample from the Ketzin reservoir horizon. Here,
we report on the experimental results of interac-
tions between CO,, brine, and rock and between
CO,-S0,, brine, and rock. The effect of pure and
impure CO, injection on the sample is monitored
by electrical resistivity, ultrasonic velocity, and per-

meability measurements, which are sensitive to
structural variations in the sample such as changes
of pore space and the rock matrix.

2. Rock Characteristics

[4] The experiments were carried out on sample
B2-3b from a reservoir sandstone of the Ketzin test
site (Upper Triassic Stuttgart formation). The sam-
ple used is 49.45 mm in length and 47.6 mm in
diameter and was cored from the Ketzin well Ktzi
202/2007 at 629 m depth. It is fine grained and
contains predominantly angular fragments of quartz
and feldspar embedded in a clay-rich, ferritic matrix
(Table 2). Quartz and feldspar are often coated by
iron oxides. Partially, the material is cemented by
anhydrite and dolomite. The sample has a porosity
of 28.07%. In thin sections the distribution of
porosity is inhomogeneous with less porous lentic-
ular clay layers and porous grain supported sand-
stone layers. The lithology of the Ketzin reservoir
is described in more detail by Forster et al. [2010].
To mimic reservoir conditions, the sample was satu-
rated with a synthetic formation brine composed of
215.27 g/l NaCl, 6.37 g/l CaCl,, 3.96 g/l MgSQ,,
1.28 g/I Na,SOy, 0.67 g/l KC1 (0 =22.8 S/m at 25°C).

3. Experimental Setup and Methodology

3.1. Apparatus

[5] The flow experiments were performed in the
Field Laboratory Experimental Core Analysis Sys-
tem FLECAS [Kulenkampff and Spangenberg,
2005] at simulated conditions of the Ketzin reser-
VOIT (Peont = 15 MPa, pyore = 7.5 MPa, and T = 40°C).

Table 2. XRD Analyses of the Original Sample Material and
of the Sample After the CO,-SO, Experimental Cycle*

After CO,SO, Exposure:
Volume Fraction

Original Material:
Volume Fraction

Component (wt %) (wt %)
Quartz 393 +£2.0 42.0+2.0
Albite 316 £2.2 33.0£22
Orthoclase 74 +£1.1 85+1.2
Dolomite 28 +0.5 1.5+ 0.6
Anhydrite 45+1.0 -

Ilite 109+1.4 107 £ 1.4
Hematite 2.1+02 25+0.3
Halite 14+£02 1.9+£0.2

*Errors are absolute errors.
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Table 3. P Wave Velocities and Volume Fractions®

After

Original CO,S0,

Material: Exposure:

Volume Volume

Fraction Fraction

Component Vp (m/s) (%) (%)
Quartz 6030 0.2830 0.2846
Albite 5940 0.2275 0.2236
Orthoclase 5630 0.0533 0.0576
Dolomite 3500 0.0202 0.0102
Anhydrite 5620 0.0324 0.0000
Clay 4320 0.0785 0.0725
Hematite 6510 0.0151 0.0169
Halite 4560 0.0101 0.0129
Pores (brine filled) 1780 0.2800 0.3224
by 0.9994 0.9991
Vp Before Vp After
Experiment Experiment Decrease of
(v/s) (m/s) Vp (%)
Reuss model 3493.81 3318.90 5.01
Measured 2999.40 2769.70 7.67

Single crystal P wave velocities and volume fractions of the rock
forming minerals are used to model the velocities of the sample
before and after the CO,-SO, experimental cycle. The volume
fractions account for the sample porosity. The P wave velocities of
the single crystals are taken from Gebrande [1982] and Eastwood
and Castagna [1987]. The P wave velocity of the pore fluid was
calculated after Batzle and Wang [1992]. The Reuss model was
applied because in the experiment the velocities were measured normal
to the bedding planes.

The system consists of an internally heated oil pres-
sure vessel, capable of a maximum confining pres-
sure, Peons of 70 MPa and a maximum working
temperature of 250°C (Figure 1a). Confining and
pore pressures are controlled by syringe pumps
(ISCO 100DM and ISCO 500DM, respectively). The
pore fluid pressure system is operated by a total
of three pumps. On the upstream side two pumps
deliver brine and supercritical CO, (scCO,) to the
system at constant flow rates while the downstream
pump is kept in constant pressure mode. The whole
pore pressure system (pumps, valves, capillaries)
is embedded in a thermal insulation system and
heated up to the experimental working temperature
of 40°C. Equalization of the temperatures in the
pumps and sample allows for reliable monitoring of
flow rates and flow volumes displayed by the pump
controllers. Furthermore, the heating of the pumps
is essential to reach the stability field of scCO,.

[6] To minimize the risk of corrosion of the syringe
pumps in the flow experiment with scCO,-SO, the
gas mixture was preconditioned in a heated media
separator using the upstream CO, pump for pres-
surization (Figure 1b).

3.2. Specimen Setup, Data Acquisition,
and Processing

[71 The cylindrical rock sample (47.6 mm in diam-
eter and 49.45 mm in length) is placed between
end caps made of Hastelloy (Figure 2). Sample and
end caps are jacketed with a PFA (perfluoralkoxy)
heat shrinkable tubing. The end caps contain the
pore pressure port, ultrasonic P and S wave trans-
ducers and act as electrodes. Hence, the specimen
setup allows for the combined measurement of the
hydraulic, electric, and elastic rock parameters.

3.2.1. Permeability Measurements

[8] The brine permeability, &, of the Ketzin reser-
voir sample was determined using Darcy’s law [e.g.,
Darcy, 1856; Scheidegger, 1974]:

o Q - n(Tsappare) . L

k(pcan/ﬁppore) == Ap (1)

w2’
where Q is the flow rate, / is the length of the
sample, 7 is the fluid viscosity, Ap is the pressure
difference, and r the sample radius.

[s] Pumps, capillaries, and valves were heated to
the reservoir temperature of 40°C. Therefore, no

endcap with —__ @

= pore pressure
port

= ultrasonic
transducers

= electrodes

sample

furnace —

oil pressure vessel~

@ generation of P,

Pore Pressure System

media
s Separator

@ generation of P, Pore Pressure System

Figure 1. Experimental setups for (a) long-term two-
phase flow experiments using CO, and brine at different
ratios and (b) water alternating gas (WAG) tests with
brine and a CO,-SO, mixture.
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Figure 2. Measuring arrangements for the determination of elastic wave velocities and electrical resistivity.

corrections for temperature- and pressure-dependent
molar volumes were necessary. The fluid viscosity,
0 (Ts, Ppore), at the pore pressure and sample tem-
perature was taken from Lemmon et al. [2010].

3.2.2. Ultrasonic Measurements

[10] Ultrasonic measurements were performed in the
pulse transmission mode at a resonance frequency
of 500 kHz. The signals were recorded after at least
30 min were given for the samples to adjust to the
experimental pressure and temperature conditions.

[11] The traveltimes were corrected for the dead
time, ¢, of the recording device (transducer, function
generator, oscilloscope) and the traveltime through
the end caps, #;,, which were determined at ambient
conditions. Changes in the sample length, /, due

to increasing pressure cannot be measured directly
during the experiment. Therefore, a correction is
made from determined velocities v, vy, and the rock
density, po, at 1 bar, using an approximation based
on Gebrande [1982]:

) :
’(li): 1+i/ — || | @)
0 ﬂOO vg_gvf

where 1j is the initial sample length.

3.2.3. Determination of Resistivity

[12] The sample resistivity was measured with a four
electrode arrangement (Figure 2). The end caps act
as current electrodes 4 and B to which a 1 kHz AC
voltage with an amplitude of 1 V is applied. The
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voltage drop is recorded between two silver elec-
trodes (M and N) that are attached to the sample
surface and contacted through the PFA jacket. The
potential is monitored with a scanning data acqui-
sition system (Agilent 34970A). The resistivity, p;,
is calculated from:

ps[Qm] =R-—, (3)

EIS

where R is the resistance, 4 is the cross-sectional
area of the sample and d, is the distance between
the potential electrodes M and M.

3.2.4. Determination of Water Saturation

[13] Since we have no opportunity for a direct deter-
mination of water saturation of the sample during
the experiments in the high-pressure cell, we deter-
mined the saturation exponent for the sample under
ambient conditions. This provides the possibility to
estimate the water saturation from resistivity mea-
surements based on Archie’s 2nd equation:

B = sy, @)

Po

where pq is the resistivity of the fully brine satu-
rated sample and p, the resistivity at partial satu-
ration. The determined saturation exponent of n =
1.62 is low compared with the average value of 2
for sandstones. This low value is most likely caused
by the high clay content of about 11%. Figure 3
shows the resistivity index versus water saturation
in a log-log plot and the comparison of the mea-
sured water saturation with the values that result
from the application of Archie’s 2nd equation with
n = 1.62. The maximum error in the saturation

] T T L IO T H T T

1.0 m  data ]

] S cal. =S meas.
w w

0.6+ i .

0.4 L | .

S, calculated

0.2+ f 5

OO L AN I A T LR . P IINE S L  SURLLR SR |
0.0 0.2 0.4 0.6 0.8 1.0

S, measured

(a) Resistivity index versus water saturation and (b) the comparison of measured water saturation and
values estimated with Archie’s 2nd equation and n = 1.62.

estimation is 5.4%. However, the application of a
calibration under ambient condition for an experi-
ment under simulated in situ pressure involves the
uncertainty that the estimation error might increase,
since the electrical properties depend to a certain
degree on pressure. The uncertainty of this approach
will further increase when fluid-rock interaction
causes changes of the structure of the fluid rock
interface and the pore microstructure.

4. Experimental Procedure and Results

[14] The flow experiments were conducted over per-
iods of 2 and 4 weeks at constant pressure and tem-
perature, simulating the conditions of the Ketzin
reservoir. After the in situ confining pressure, po.s
of 15 MPa was applied, the temperature, 7, was
increased to 40°C. When temperature equilibrium
was reached, a vacuum was applied to the sample
via one pore pressure port and formation brine was
sucked into the sample via the second pore pressure
port. After completion of the sample saturation the
pore pressure, p,,., was adjusted to 7.5 MPa.

4.1. Flow Experiment With Formation
Brine and CO,

[15] Pure scCO, was injected in the completely
brine saturated sample for 166 h (~7 days). After
48 h the flow rate was reduced from 0.4 ml/min to
0.2 ml/min to reduce the risk of mobilization of
fines. The resaturation with brine (imbibition) was
performed as a two-phase flow experiment, whereby
the flow rate of the brine was successively increased
by 0.05 ml/min at a constant flow rate of the scCO,
stream. The pore volume was exchanged at least
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Figure 4. Electrical resistivity p and P wave velocity v, as functions of the brine saturation Sy of the sample.
The permeability £, was determined at the beginning and the end of the flow cycles. (a) CO,-brine flow and

(b) CO,-SO,-brine flow.

20 times before the flow ratio (brine: CO, ratio)
was changed. Prior to the change of flow ratio the P
and S wave velocities were measured and the elec-
trical resistivity was determined. The permeability
was measured before the scCO, injection and again
after a complete imbibition with brine was achieved
and no further changes in petrophysical parameters
occur (after 6 days of pure brine flow).

[16] The S wave velocity increases with decreasing
brine saturation from 1.38 km/s to 1.40 km/s, what
accounts only for a velocity change of about 2%.
This is primarily due to the decreasing sample
density with decreasing brine saturation. The mea-
sured resistivity and P wave velocity versus brine
saturation are shown in Figure 4a. As CO, is non-
conductive, the charge transfer in the sample is pri-
marily bound to the formation pore fluid. Hence,
the resistivity increases with decreasing brine sat-
uration from 0.54 Om to 1.73 (dm and decreases
when the sample is brine flooded again. The P wave
velocities v, show an hysteretic behavior resulting
from a relative rapid decrease of v, with decreasing
brine saturation from 3.20 km/s to 2.69 km/s and a
hesitant increase of v,, at brine imbibition. Both, the
resistivity and P wave velocity reach their initial
values after the sample is resaturated with brine at

the end of the experiment. We observe a minimal
increase of the permeability at the end of the
experiment from 90.25 mD to 92.01 mD. However,
this is most probably related to the mobilization of
clay minerals, which were found in the capillaries
after the experiment was finished.

[17] At the end of the experiment we had to carry
out some maintenance work at the system and to
install the media separator in the fluid pressure
system, so the sample had to be taken out of the
system carefully. We cleaned the sample cautiously
from salt precipitations and kept it saturated in a
closed container with synthetic formation water for
the following experiment.

4.2. Flow Experiment With Formation
Brine Alternating CO,-SO,

[18] Reaction fluids of experiments with scCO, +
SO, (99.5 + 0.5 vol %) have a pH between 2 and 3,
when they are in contact with silicate phases
[Erzinger et al., 2010]. We expect a similar pH
value for the flow experiment with a mixture of
99% CO, and 1% SO,. Thus, to minimize the
corrosion risk of the experimental facility due to
the higher acidity of the CO,-SO, mixture, we
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Figure 5. Fluid substitution models for a homogeneous
and patchy saturation. Blue solid circles represent mea-
sured v, data during a CO, flow experiment, and red and
green triangles indicate data points recorded during the
first and the fourth WAG cycles of the CO,-SO, flow
experiment, respectively.

have performed four shorter WAG cycles (water
alternating gas). The experiment was started with
pure brine at a flow rate of 0.2 ml/min. Then, the
brine flow was stopped and the preconditioned
scCO,-SO, mixture was injected into the sample.
After a maximum 65.5 h of constant flooding, the
sample was resaturated with pure formation brine.
In total, the sample was scCO,-SO, flooded for
117.5 h.

[19] No interpretable S wave data are available for
this run as we had an accidental ground almost
from the beginning of the experiment. After pass-
ing four complete WAG cycles the electrical
resistivity at complete brine saturation increases by
16.26%, while the P wave velocity and the per-
meability decrease by 7.67% and 45.97%, respec-
tively (Figure 4b). The changes in the determined
petrophysical properties are irreversible. The sam-
ple surface shows a greenish discoloring when the
sample is disassembled. Since the sample is poorly
consolidated and sanding during handling, it was
not possible to determine the porosity change.

5. Discussion

[20] The effect of the injection of supercritical CO,
and CO,-SO, in a brine saturated reservoir rock
sample from the Ketzin CO, sequestration site on
permeability, electrical resistivity, and ultrasonic
velocities has been investigated at simulated in situ
conditions (peon = 15 MPa, ppore = 7.5 MPa, and

T = 40°C) over periods of 2 and 4 weeks, respec-
tively. Our study shows a strong distinction between
flow experiments conducted with pure CO, and that
performed with a CO,-SO, mixture. After expos-
ing the Ketzin reservoir sample to pure supercritical
CO, for 236 h the variations of the measured phys-
ical rock properties are reversible and provide no
indications of mineral reactions.

[21] In contrast, the reservoir rock is highly affected
by the injection of supercritical CO,-SO,. This is
reflected by the discoloring of the sample as well as
by the considerable changes of the intrinsic phys-
ical rock properties. The irreversible reduction
of the P wave velocity after 117.5 h of CO,-SO,
flooding indicates a degradation of the rock’s frame
modulus possibly due to the dissolution of, e.g.,
grain cement. In contrast, the increase of electrical
resistivity and the decrease of permeability point to
a reduction of the transport efficiency of the pore
network. Since we have no evidence for precipi-
tation of new solid phases we interpret the decrease
as a result of fines mobilization and redistribution
in the porous system. In this situation, the relocated
fines decrease the efficiency for charge and fluid
transport but did not contribute to a stiffening of
the frame modulus. There is no indication for a
precipitation of new minerals from XRD analyses
(Table 2). But, in the CO,-SO, exposed sample the
dolomite fraction is lower compared to that in the
original material and the anhydrite is missing com-
pletely, while all other phases remain more or less
constant. This could be a hint for mineral dissolu-
tion. From single crystal P wave velocities of the
rock-forming minerals and their volume fractions
in the sample P wave velocities were calculated for
the original and the sample after CO,-SO, expo-
sure. The modeled velocity reduction is on the
order of the measured one (Table 3). However, as the
samples analyzed with XRD could not be the same
for technical reasons, we cannot exclude the
influence of sample heterogeneities.

5.1. Fluid Substitution Modeling

[22] On the basis of the measured velocity data fluid
substitution models for a homogeneous (Gassmann)
and a patchy fluid distribution [Kazemeini et al.,
2010] were calculated (Figure 5). Gassmann’s
[1951] relation has been used for the modeling in
the following form:

(=)
Knarric
K _ K matrix
ket T ) K O
K/luid Kmatrix Krznatrix
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where ¢ is the sample porosity and K,.sivs Kerys
and Kj,;4 are the bulk moduli of the matrix material,
the dry rock skeleton and the pore fluid, respectively.
K,,anix Was calculated considering the mineralogi-
cal composition of the rock material (see Table 2).
The modulus of the brine (215 g/l NaCl) has been
calculated for in situ conditions based on the equa-
tion of Batzle and Wang [1992]. The modulus of
CO;, and the densities of CO, and water have been
taken from the NIST database. The density of the
composite fluid was calculated with

pﬂuid - pbrineSW + (1 - SW)pC027 (6)

and the density of the saturated rock is given by

Psat = pﬂuid¢ + (1 - ¢)pmaz‘rix~ (7)

The patchy model was calculated following the
approach of Kazemeini et al. [2010] which is based
on the works of Hill [1963] and Berryman and
Milton [1991]:

-1
n

X 4
Kpatchy = Z 74 - g Gv (8)
(ki+39)

i=1

where n is the number of patches with different
fluid content, x; is the volume fraction of the ith
patch, K; is the bulk modulus of the rock com-
pletely saturated with the ith fluid, and G is the
shear modulus of the rock.

[23] At least the data of the CO, flow experiment
do not fit the Gassmann model. Rather, they follow
the trend of a patchy saturation model. The velocity
for the saturated sample is below the model pre-
diction. This is possibly due to the high clay con-
tent of the Ketzin reservoir of about 11%, because
in water-saturated clay containing rocks often a
“weakening” of the frame moduli occurs and thus
one assumption of fluid substitution models is not
fulfilled. From the observed velocity trend we
assume that the transport of the pure CO, through
the sample occurs via the permeable flow path
ways in the sandy portions of the sample, while
large patches of the sample remain fully brine
saturated presumably due to the higher capillarity
and lower permeability in the fine pored clay-rich
layers.

[24] For the CO,-SO, flow experiment the P wave
velocity is 6.5% lower at complete brine saturation
than it was determined for the flow experiment
with pure CO, (Figure 5). After the last velocity

measurement of the first experiment the sample
properties might have been influenced by (1) stress
relaxation after the sample was brought back to
room pressure and temperature; (2) the cleaning from
salt precipitations and resaturation; and (3) the fol-
lowing installation, pressurization and heating to in
situ conditions for the second experiment.

[2s] We will not speculate which of these influ-
ences in combination with the clay mobilization
during the first flow experiment might be the dom-
ination effect, however, for the second flow exper-
iment the sample shows a different behavior of
seismic properties. The wave velocities rather fit
the Gassmann model, after already one WAG cycle
with CO,-S0,.

5.2. Supercritical CO, Drying

[26] For the adjusted flow rates we did not observe
a “drying effect” of supercritical CO, or CO,-SO,
in the electrical measurements as a minimum brine
saturation of 47% was attained. Although super-
critical CO, has the ability to dissolve water, it
requires much longer experimental time or/and
much higher flow rates to produce a clear “drying
effect” in this type of rock for the following reasons:

[27] 1. Thin section analysis shows areas of per-
meable open or clay free pores accessible for brine
displacement by CO, and clay filled areas, which
very likely remain water saturated. This patchy satu-
ration distribution is supported by the dependence
of the P wave velocity on saturation (see Figure 5).

[28] 2. The displacement of the water in this clay-
free pore network by scCO, causes a certain
decrease in the rock resistivity. The remaining
bound water is now accessible for dissolution in the
scCO, at the CO,-brine interface. The dissolution
process results in a decrease of the thickness of the
bound water layer and an increase of the bound
water salinity. As long as the solubility limit is
not reached and no precipitation of salt occurs, this
will not have a significant effect on the electrical
resistivity of the drained pore network as the num-
ber of free charge carrier remains constant.

[29] 3. The clay-filled water saturated patches form
a conductive network and are responsible for the
remaining low resistivity of the partially saturated
rock. Because the ratio of CO,-brine interface to
brine volume of these water saturated clay-filled
patches is much smaller than that of the bound
water CO, interface in the clay-free pore network,
the drying of these patches by scCO, occurs on
order of magnitude longer time scale.
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[30] 4. However, the high residual water saturation
and the low rock resistivity is a result of the clay
content. Even if we get’/have salt precipitation in
the already drained clay-free pore network, we
cannot expect a strong effect on the overall low
rock resistivity.

6. Conclusion

[31] This study shows that the injection of scCO,-
SO, into the Ketzin reservoir formation changes
considerably the critical reservoir properties. In a
real injection case the impact of fluid-rock inter-
actions is expected to be greatest in the vicinity of
the injection point, and to have an adverse effect on
the long-term injection performance.

[32] Fluid-rock interactions are generally very com-
plex and CO, exposure experiments in batch reac-
tors show that the alteration of minerals and/or the
precipitation of new ones depend on a variety of
parameters: pressure and temperature, rock com-
position, fluid chemistry, structural parameters, such
as porosity, pore space structure, internal reaction
surface, permeability, and time [Schiitt et al., 2005;
Wigand et al., 2008]. Consequently, more data are
needed in the future to cover the broad spectrum
of different reservoir types. Furthermore, a suffi-
cient amount of sample material is necessary in
order to compare the impact of different influ-
ences and parameters, which cannot always be
provided within the site specific demonstration
projects with only limited amount of core material.
Besides this, an improvement of the methodology
by the combination of the state-of-the-art petro-
physical measurements with the visualization tech-
niques like 4CT monitoring, NMR technique, etc,
is required to increase the significance and reli-
ability of interpretation.
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