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ABSTRACT

Geologic carbon capture and sequestration (CCS) is a well-established method for storing large amounts of CO,. However,
monitoring the dissolved carbonate species associated with solubility trapping remains challenging. This study evaluated whether
electrical resistivity (ER) can detect the carbonate-rich brines formed during solubility trapping, rather than focusing solely on
freephase CO,. Potassium carbonate (K, CO3), a highly conductive tracer, was examined within Austin Chalk limestone cores sat-
urated with solutions ranging from 0.1 to S wt% in deionized water (DI) and synthetic produced water (PW). Fluid-only tests
showed minimal resistivity variation across a wide range of frequencies (12 Hz-10 kHz), but the resistivity decreased significantly
with increasing carbonate concentration. In DI solutions, resistivity dropped from approximately 5.27 - m at 0.1 wt% to 0.16 Q- m
at S wt%. When introduced into the Austin Chalk matrix (porosity ~25%-27%), the bulk resistivity increased owing to the resistive
nature of the rock, but the inverse relationship between resistivity and carbonate concentration remained consistent. For example,
in the K, CO; + PW system at 1 kHz using the 4electrode setup, resistivity decreased from 1.81 - m at 0.1 wt% to 1.50 Q. m at
S wt%. Frequency-dependent trends were also observed; higher frequencies (10 kHz) consistently yielded lower resistivities than
low-frequency measurements (12 Hz), particularly in rock-saturated systems. Overall, these results establish a quantitative basis for
applying electrical geophysical methods to monitor the changes in carbonate concentrations in carbonate reservoirs and support

improved longterm CO, containment strategies.
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1. INTRODUCTION

Climate change is a major environmental challenge of the 21st
century, with measurable impacts observed across both environ-
mental and engineered systems, including rising land and ocean
temperatures, glacier retreat, sea-level rise, and ecosystem degra-
dation'. The primary driver of these changes is the accumulation
of greenhouse gases (GHGs) in the atmosphere, particularly
carbon dioxide (CO,), which is largely emitted in fossil fuel
combustion and industrial activities*. Although CO, is naturally
present and plays an essential role in maintaining Earth’s radiative
balance, elevated atmospheric concentrations enhance the green-
house effect and accelerate global warming*. Long-term observa-
tions indicate that the global mean sealevel hasrisen at an average
rate of approximately 1.8 mm/year since 1961, and more than
3 mm/year since the early 1990s, primarily because of thermal
expansion and melting of ice masses . Because CO, is the dom-
inant GHG emitted by human activities, carbon management
technologies are needed along with the use of renewable energy.
Hence, the global climate policy focuses on emission reduc-
tion, with numerous countries committed to achieve a net-zero
target by the mid-century®. International climate frameworks,
therefore, emphasize deep decarbonization pathways®.

Among the available mitigation strategies, geological carbon
capture and sequestration (CCS) has emerged as a mature and
scalable technology capable of reducing emissions from large sta-
tionary sources, such as power plants, cement industries, and
refineries”. In CCS operations, the captured CO, is compressed
and injected into deep geological formations, including saline
aquifers, depleted hydrocarbon reservoirs, and unmineable coal
seams’. Once injected, CO, can be immobilized through mul-
tiple trapping mechanisms, including structural, residual, solu-
bility, and long-term mineral trapping®. Deep saline aquifers, in
particular, offer the largest global storage capacity and are there-
fore considered one of the most promising long-term storage
options”. Although the engineering feasibility of CO, injection
has been widely demonstrated, monitoring the long-term stabil-
ity and geochemical evolution of the stored CO, remains a criti-
cal challenge. Solubility trapping involves the dissolution of CO,
into formation brine, forming carbonic acid that dissociates into
bicarbonate (HCO5-) and carbonate (COs-) ions'?. These
dissolved carbonate species alter the pore-fluid chemistry, ionic
strength, and potential reservoir properties through dissolution-
precipitation reactions'!, highlighting the importance of devel-
oping monitoring tools capable of detecting carbonate-rich fluids
rather than focusing solely on free-phase CO,.
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The electrical resistivity method is a noninvasive geophysi-
cal approach for characterizing subsurface fluid distribution and
has long been applied in hydrogeology and petroleum engi-
neering'*. In relatively clean carbonate systems, the bulk resis-
tivity is largely controlled by the pore-fluid conductivity and
porosity, as described by Archie’s foundational relationship '2.
Therefore, variations in ionic composition and salinity directly
influence the electrical response, suggesting that resistivity mea-
surements may be sensitive to the dissolved carbonate species
generated during CO, solubility trapping. Early investigations
established the dependence of resistivity on saturation and salin-
ity, which formed the basis for modern petrophysical interpre-
tation 2. More recent studies have extended these concepts to
CCS monitoring, primarily focusing on detecting free-phase CO,
plumes because of their high resistivity relative to that of forma-
tion brines '*. Although effective for tracking plume migration,
this approach is inherently less sensitive to dissolved carbonate
ions, which are a key mechanism for long-term CO, storage.

Experimental studies have revealed that saturating carbonate
rock samples with CO-saturated brines causes changes in the
rock properties. Mineral dissolution experiments demonstrated
that calcite-rich formations are highly reactive under CO, stor-
age conditions, leading to measurable changes in porosity and

permeability®. Additional work investigating acid-driven worm-
holing processes highlighted how fluid chemistry evolution influ-
enced both the mechanical behavior and petrophysical properties
of carbonate rocks'®. Recent studies on rock properties under
CO, storage conditions have suggested that salinity in CO,-
saturated brines affects wormhole formation and rock stiffness,
thus showing the importance of monitoring dissolved carbonate
species in addition to the supercritical CO, phase'°. However,
these studies have focused more on core flooding, geochemical
modeling, and mechanical tests, whereas electrical geophysical
tests have received limited attention.

Austin Chalk is a highly porous Upper Cretaceous formation
commonly used as an analog for carbonate reservoirs because
of its relatively simple mineralogy and consistent petrophysical
characteristics. Micropetrographic and X-ray diffraction (XRD)
analyses indicate that Austin Chalk is composed predominantly
of calcite with minimal clay or dolomite content, thereby reduc-
ing surface conduction effects and allowing the fluid-controlled
electrical behavior to be more clearly isolated . Recent geo-
electrical investigations of carbonated brine injection in car-
bonate aquifers have demonstrated the potential of electrical
methods for monitoring CO, storage. However, the reported fre-
quency dependence and electrode configuration responses are
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Figure 1. Scanning electron microscope (SEM) images and energy-dispersive X-ray spectroscopy (EDS) analyses of the Austin Chalk carbonate sam-
ple. (a) Core holder and SEM sampling location. (c) SEM micrograph showing analyzed spots. (b) and (d) Representative EDS spectra indicating the
dominant elemental composition of the carbonate matrix. Modified after Helmi et al. (2025) '
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Table 1. Material and fluid properties

Material Description Initial Porosity (%)
Austin Chalk Limestone (>90% Calcite) 25-27
Formation Age Upper Cretaceous -
Permeability 8-15mD -

UCS 2500-3000 psi -
Homogeneous No -

PW Base High-salinity Brine -

DI Base Deionized Water -

Additive Potassium Carbonate (K, CO3) (0.1-5wt%) -

inconsistent across experimental setups'*. These inconsisten-
cies raise questions regarding the measurement precision and
practical limits of resistivity monitoring in carbonate reservoirs.

Despite the extensive body of CCS research, only a lim-
ited number of studies have systematically evaluated whether
electrical resistivity can be used to monitor carbonate-rich flu-
ids quantitatively. Most existing studies rely on NaCl brines or
live CO, systems, where the influences of the carbonate con-
centration, measurement frequency, and electrode configuration
remain poorly constrained '*. As a result, a clear knowledge gap
exists regarding the detectability limits and reliability of elec-
trical resistivity for monitoring solubility-trapping processes in
carbonate formations such as Austin Chalk.

This study addresses that gap by evaluating the resistivity
response to controlled carbonate concentrations using potas-
sium carbonate (K,CO;3) as a surrogate carbonate source.
The use of K,COj; allows precise control of dissolved car-
bonate levels under laboratory conditions, which is diffi-
cult to achieve using pure CO, because of phase behav-
ior and solubility limitations. Experiments were conducted in
deionized water (DI) and synthetic produced water (PW)
over a concentration range of 0.1-5 wt%, with measure-
ments at 12 Hz, 1 kHz, and 10 kHz. The investigation was
extended to rock—fluid systems using Austin Chalk cores with
well-characterized porosity and mineralogy to evaluate the
influence of the rock matrix on bulk resistivity. By isolat-
ing the fluid chemistry effects from rock-controlled parame-
ters, this study established a quantitative baseline for assess-
ing the feasibility of electrical resistivity as a monitoring
tool for carbonate-rich fluids associated with CO, solubility

trapping.

2. METHODOLOGY

2.1. Materials and Brine Preparation. The brines used
in this study were prepared using analytical-grade K,CO; dis-
solved in both DI and PW. Austin Chalk limestone sister cores
were selected as the rock samples for all rock—fluid interaction
experiments and were cut to uniform dimensions (length: 2.8
inches, ~7.11 cm; diameter: 1.5 inches, ~3.8 cm) to ensure con-
sistency across all measurement frequencies.

Two fluid systems were prepared to simulate different reser-
voir baselines:

1. DI: Used as a control to isolate the rock-fluid interaction.

2. Synthetic PW: Prepared to mimic the complex chemistry of
deep-formation brines. The composition per liter of DI was:
53.668 g NaCl, 8.515 g MgCl, - 6H20, 18.817 g CaCl, -
2H,0, and 1.351 g Na,SO,.

Analytical-grade potassium carbonate (K,CO3) was added to
these base fluids at varying concentrations: 0.1, 0.25, 0.5, 0.75, 1,
2,3,4,and S wt%. The comprehensive physical and mineralogical
properties of the materials and fluids, including the initial poros-
ity and mechanical strength of the Austin Chalk, are summarized
in Table 1.

Figure 1 shows the mineralogical composition and micro-
texture of the Austin Chalk limestone samples as determined
by scanning electron microscopy-energy dispersive X-ray spec-
troscopy (SEM-EDS) characterization. As can be observed,
the calcite-dominated carbonate matrix is accompanied by only
minor accessory phases, confirming the relative mineralogical
simplicity of the rock and minimizing the influence of clay-related
surface conduction on the electrical measurements.

2.2. Test Workflow . Experiments were conducted using
a custom hydrostatic core holder equipped with two to four
electrode arrays for the rock—fluid system. This configuration
minimizes contact resistance, which is critical for measuring con-
ductive saline fluids. The experimental workflow is illustrated
in Figure 2 , representing the sequential analysis of both the
fluid system and the integrated rock—fluid system. The procedure
involves four key stages:

1. Fluid characterization: Measurement of density, viscosity, pH,
resistivity of bulk fluids, and temperature. Baseline resistivity
measurements at frequencies of 12 Hz, 1 kHz, and 10 kHz
with multi concentrations of K,COj3 solutions (DI or PW)
were established for the fluid system to verify the electrical
properties of the brine before core introduction.

2. Core saturation: Vacuum-saturation of dry sister limestone
cores with K, COj5 solutions (DI or PW with multi concentra-
tions).

3. Porosity analysis: The gravimetric porosity of each core was
calculated by comparing the dry and wet weights, ensuring
that the samples were fully saturated. 1

4. Resistivity measurement: The resistivity was measured at fre-
quencies of 12 Hz, 1 kHz, and 10 kHz using two- and four-
electrode systems.
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Table 2. Austin chalk core properties and calculated porosity

Sample Environment Concentration (wt%) Dry Weight (g) Wet Weight (g) Porosity (%)
Austin Chalk 4+ DI 0.1 180.66 201.20 25.37
Austin Chalk + DI 5.0 175.55 197.67 26.16
Austin Chalk + PW 0.1 178.75 198.50 26.45
Austin Chalk + PW S.0 177.87 199.98 25.11

3. EXPERIMENTAL WORK

3.1. Fluid-only system. For the fluid-only system mea-
surements, K, COj3 brines solutions were prepared in DI and PW
under ambient temperature and pressure. Solutions with various
concentrations (0.1, 0.25, 0.5, 0.75, 1, 2, 3, 4, and 5 wt%) were
prepared to examine how the resistivity varied with increasing salt
content. Prior to the readings, the temperature and pH of each
solution were recorded. The resistivity was then measured using
abenchtop dip-cell resistivity meter at three frequencies—12 Hz,
1 kHz, and 10 kHz—for DI

3.1.1. Fluid + rock system. To evaluate the interaction
between the K, CO; brine solutions and Austin Chalk, cylindri-
cal core samples were cut to approximately 2.8 inches in length
and 1.5 inches in diameter. The end faces were leveled to ensure
a proper fit within the benchtop resistivity setup. The dry weight
of each sample was measured. The samples were then vacuumed
according to their pore structures and saturated over four to five
nights.

After saturation, the wet weight of each core was recorded and
used to calculate the gravimetric porosity based on the dry and
saturated masses. Resistivity measurements were then carried out

using the two- and four-electrode configurations at 12 Hz, 1 kHz,
and 10 kHz under the same conditions applied during the fluid-
only phase. The physical properties and calculated porosities of
the Austin Chalk cores are summarized in Table 2.

3.2. Instrumentation. All instruments were calibrated
before testing to minimize measurement uncertainty and ensure
repeatability across frequencies and fluid systems. In addition, all
experiments were carried out on an integrated benchtop mea-
surement platform designed to ensure accurate and repeatable
characterization of the electrical and physicochemical properties
in both fluid-only and rock-fluid systems, as shown in Figure 3
. Baseline resistivity measurements were first determined for the
prepared brines using the benchtop dip-cell resistivity setup, as
illustrated in Figure 3 (a), before introducing the rock samples
to isolate the fluid-controlled electrical behavior. Core satura-
tion was conducted in a vacuum chamber, as shown in Figure
3 (b), to ensure that the rock pore spaces were fully occupied
with fluids and that the air content, which is known to introduce
substantial uncertainty in the resistivity measurements of porous
rock, was kept at a minimum. Bulk resistivity measurements were
performed using a high-precision impedance analyzer, shown
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Figure 2. Workflow for detecting carbonate levels
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in Figure 3 (c), which can be operated in both two- and four-
electrode configurations. The precision of the impedance ana-
lyzer can be set at £0.05%, covering a frequency range of 12
Hz to 200 kHz. This allowed for a systematic evaluation of the
frequency-dependent effects and electrode configuration sensi-
tivity. The four-electrode configuration was used to reduce elec-
trode polarization and resistance, particularly in highly conduc-
tive brines, whereas the two-electrode configuration was used for
a comparative assessment of the robustness of the measurements.

The fluid chemistry was continuously monitored using a
benchtop electrochemical meter, as illustrated in Figure 3 (d),
with the capability to measure pH, oxidation-reduction poten-
tial (ORP), and temperature with a resolution of +0.01 pH
units. This ensured that changes in electrical response could be
understood in the context of well-controlled chemical conditions,

especially considering the highly alkaline nature of the K,COs3
solutions. The densities and kinematic viscosities of the carbon-
ate brines were measured using a calibrated viscometer, as shown
in Figure 3 (e). This instrument measures density and kine-
matic viscosity simultaneously, and is useful in assessing changes
in these properties with increasing concentrations of carbonate.
Gravimetric measurements were performed using a semi-micro
analytical balance, as shown in Figure 3 (f), with a resolution of
0.01 mg. This balance was used to accurately prepare the concen-
trations of K, COj3 and to measure the dry and saturated masses
of the core used to calculate porosity. This instrumentation suite
was used to control and measure the electrical, chemical, and
physical properties, and to ensure that changes in resistivity could
be attributed to changes in the frequency and concentration of
the carbonate solutions rather than experimental uncertainty.

(b)

i

Q0999999

Figure 3. Experimental setup for carbonate brine characterization: (a) solution resistivity device; (b) vacuum saturation chamber for Austin Chalk
cores; (c) GW Instek LCR 821 for resistivity measurements; (d) Hanna Instruments device for pH, redox potential, and temperature; (e) Anton Paar
viscometer for viscosity and density; and (f) A&D GR semi-microbalance for solution preparation and porosity verification
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Table 3. Electrical and pH measurements of K CO3 in deionized water

Concentration pH Res 12Hz Res 1kHz Res 10 kHz
0.1 11.17 §5.271130S 5.315967 5.315546

0.25 11.44 2.1985041 2.18080105 2.18088525
0.5 11.56 1.150287775 1.1748847 1.17533517
0.75 11.65 0.8058361 0.83961714 0.8414527

1 11.68 0.66918371 0.70668639 0.708364075
2 11.84 0.31378814 0.34663456 0.34716081
3 11.93 0.2632513 0.26571415 0.26664035
4 12 0.19581973 0.19784053 0.198865665
S 12 0.162865955 0.164343665 0.165194085

4. RESULTS AND DISCUSSION

The results of this study demonstrate the sensitivity of the ER
method to varying carbonate concentrations and solvent types
within Austin Chalk limestone. The following sections analyze
the resistivity trends across fluid-only systems and saturated
rock—fluid systems.

4.1. Fluid-only Resistivity Trends. The electrical resis-
tivity of the K,COj solutions, both DI and PW, exhibited a
significant, non-linear decrease as concentration increased from
0.1 to 5 wt%. This trend is fundamental for monitoring geochem-
ical reactions and CO,-brine-rock interactions in deep saline
aquifers. As detailed in Table 3, the resistivity of the DI sys-
tem at 1 kHz decreased rapidly from 5.316 Q- m at 0.1 wt%
to 0.164 Q- m at S wt%, representing a substantial reduction of
approximately 96.9%. This high-contrast geophysical signature,
illustrated in Figure 4 , tracks the resistivity response across the
tested concentration range. In addition, Figure 4 shows that the
pure fluid resistivity values remained nearly identical across the
tested frequency spectrum of 12-10 kHz.

By contrast, the PW system characterized in Table 4 and
Figure S maintained a significantly lower baseline resistivity due
to its inherent high salinity, with values decreasing from 0.087
Q- m at 0.1 wt% to 0.066 Q- m at 5 wt%. Although the relative
change in the PW system was dampened compared to that in
the DI system, both environments demonstrated a clear inverse
relationship between the carbonate concentration and resistivity
across the tested range. This comparison is highlighted in Figure
6, which shows that the high ionic strength of the host brine acted
as a conductive mask, reducing the relative signal of the added
K, COj3. The physical properties of the PW solvent also showed
measurable shifts, with the baseline density recorded at 0.1 wt%
and a slight increase in viscosity from 1.13 to 1.15 cP, as depicted
in the profiles in Figure 7.

Furthermore, the pH measurements presented in Tables 3 and
4 reflect a marked increase in alkalinity with increasing carbonate
enrichment. In the DI system, the pH rose from 11.17 to 12.0,
whereas in the PW system, it increased from 8.02 to 10.83. As
illustrated in Figure 8 , these pH shifts serve as critical secondary
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Figure 4. Electrical resistivity as a function of K, CO3 concentration in deionized water at different frequencies
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Figure S. Electrical resistivity as a function of K, CO3 concentration in produced water

indicators for detecting geochemical equilibrium shifts during the
carbon sequestration processes. The correlation between increas-
ing pH and decreasing resistivity provides a robust framework for
multiparameter reservoir monitoring.

4.2. Austin Chalk Saturated Core Results. The bulk
resistivity in the Austin Chalk cores (porosity ~25%-27%)
decreased in line with the fluid-only systems; however, the mea-
sured values were higher because the limestone matrix was resis-
tive and reduced the pore volume available for the ionic current
flow. A comparison of the 4-electrode measurements in Table
S with the 2-electrode measurements in Table 6 shows that the

2-electrode setup reports a higher resistivity at every tested fre-
quency for each brine type. For example, at 0.1 wt% K,COj3 in
DI at 1 kHz, the 2-electrode configuration recorded 81.647 Q.
m (Table 6), whereas the 4-electrode setup recorded a signifi-
cantly lower value, 65.921 Q- m (Table S). This discrepancy is
attributed to the inclusion of the contact resistance and electrode
polarization in the 2-electrode setup, whereas the 4-electrode
configuration isolates the true bulk properties of the saturated
rock.

The sensitivity of these electrical signatures to the car-
bonate levels is heavily influenced by the background fluid
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Figure 6. Comparison of electrical resistivity across varying K, CO3 concentrations for deionized water and produced water solvents
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environment. In the DI-saturated Austin Chalk, increasing the
K,COj; concentration led to a substantial resistivity drop from
65.921 to 1.072 Q- m (at 1 kHz, 4e), indicating high diagnostic
sensitivity in low-salinity aquifers. Conversely, as can be observed
in Table 5, the PW environment demonstrated a much more
attenuated response, with resistivity values only shifting from

1.815 to 1.496 Q- m. This behavior confirms that the high ini-
tial ionic strength of PW acts as a conductive mask that dampens
the relative impact of additional carbonate ions. Furthermore, the
data in Table 5 highlights the frequency-dependent response or
dispersion. At 0.1 wt% concentration, the bulk resistivity dras-
tically declines from 80.605 Q- m at 12 Hz to 66.040 Q- m at
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Figure 8. Variation of pH of deionized water and produced water with varying concentrations of K;CO3 (0.1 and S wt%)
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10 kHz. This sharp reduction indicates that at higher frequen-
cies, the electrical signal is better able to bypass the polarization
barriers at the rock—fluid interface and within the narrow pore
throats of the limestone. In the PW-saturated system, the disper-
sion follows a similar pattern, dropping from 3.266 to 1.110 Q- m
at the same frequencies. Collectively, these results demonstrate
that while electrical resistivity is a robust indicator of carbon-
ate levels, the most accurate characterization is achieved using
4-electrode measurements and accounting for the frequency-
dependent behavior of the specific host aquifer fluid.

The patterns shown in Figures 9 and 10 support the numeri-
cal differences observed between the 2- and 4-electrode methods.
Figure 9 shows that in a low-salinity DI solution, the 2-electrode
approach overestimates the resistivity at low frequencies because
ions accumulate at the electrode—fluid interface and cause elec-
trode polarization. However, the 4-electrode setup largely avoids
this artifact by separating the electrodes used to drive the cur-
rent from those used to measure the voltage. Figure 10 shows
that the high ionic strength of PW lowers the bulk resistiv-
ity; however, a consistent difference remains between the two
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Figure 10. Comparative analysis of 2- and 4-electrode resistivity measurements for Austin Chalk samples across frequencies from 12 Hz to 10 kHz. The
samples were saturated with produced water containing 0.1 and 5 wt% K, CO3to illustrate the discrepancy between measurement techniques at varying

salinity levels
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Table 4. Electrical and pH measurements of K, CO3 in produced water

Concentration pH Res

0.1 8.02 0.086880973
0.25 8.06 0.08583691

0.5 7.78 0.084889643
0.75 7.79 0.083963056
1 7.81 0.08361204

2 8.96 0.079302141
3 10.19 0.075930144
4 10.59 0.071022727
S 10.83 0.066093853

measurement methods. This gap indicates that the contact resis-
tance contributes meaningfully, even when the background brine
salinity is high. Collectively, these results show that a 4-electrode
setup is needed to measure the true frequency-dependent disper-
sion of the Austin Chalk because it reduces the artifacts that can
mask carbonate concentration changes in a standard 2-electrode
system.

4.3. Mechanistic Interpretation of Resistivity Behav-
ior. The observed non-linear decrease in resistivity with increas-
ing K,CO; concentration reflects enhanced ionic conductivity
within the pore fluid. This behavior is consistent with the funda-
mental relationship between the fluid conductivity and resistivity
in porous media established by Archie’s law'%. Furthermore,
the observed resistivity reduction aligns with recent geoelectri-
cal evaluations of CO, storage, which demonstrate that increased
ionic strength from carbonate species significantly enhances bulk
conductivity '*. This sensitivity is further influenced by the salin-
ity of the host brine, because high-salinity environments can act
as a conductive mask that dampens the electrical signature of the
added carbonate species, a phenomenon observed in recent stud-
ies on CO,-brine—rock interactions'>. At low concentrations,
the increase in carbonate ion availability significantly improves
the charge transport pathways, resulting in rapid resistivity reduc-
tion. However, above approximately 3 wt%, the resistivity trend
becomes relatively stable, suggesting that the conductive path-
ways approach saturation, and additional ions contribute less
effectively to bulk electrical transport. The limited frequency
dependence observed in the fluid-only systems indicates that

conduction is dominated by ionic mobility rather than by inter-
facial polarization effects within the tested frequency range. In
rock—fluid systems, the Austin Chalk matrix introduces tortuosity
and geometric constraints that increase bulk resistivity while pre-
serving the inverse relationship between carbonate concentration
and electrical response.

4.4, Challenges and Scaling of CO, Monitoring Exper-
iments. Pure CO, was not used in the current study because of
the complexities involved in maintaining a stable dissolved CO,
concentration. In its place, potassium carbonate, K,CO3, was
employed owing to its stable chemical properties, which could
simulate the effects of the carbonate-rich aqueous solution in a
subsurface reservoir. The solubility of K, COj3 in water produces
carbonate ions, which influence the ionic conductivity in the
same manner as the dissolved CO,, that is, HCO;_ and COs-.
However, in a real subsurface reservoir, the dissolved CO, causes
geochemical reactions, including reduction of pH, dissolution
of minerals, and precipitation, which also influence the electri-
cal properties. The current study showed the strong influence
of carbonate concentration on the electrical properties. In future
studies, CO, injection experiments will be performed to assess
the applicability of the proposed method for CCS monitoring in
real reservoir conditions.

5. CONCLUSIONS

This study demonstrated that ER can detect controlled K,CO;
concentration changes in both fluid-only and carbonate rock
systems, thus providing a potential monitoring pathway for
solubility-trapped CO,. The main conclusions are as follows:

o The test specimens showed uniform electrical properties, vali-
dating the experimental setup.

e The solvent used significantly affects the resistivity, with DI
leading to larger changes than the high-salinity PW.

e Electrode configuration is important; four-electrode setups
better capture the true bulk resistivity.

e Frequency influences rock—fluid systems due to interfacial
polarization. For example, the resistivity of DI-saturated Austin
Chalk (0.1 wt%) dropped from 80.6 Q- m at 12 Hz to 66.0
- m at 10 kHz, whereas fluid-only systems remain frequency-
independent.

Table S. Bulk resistivity of Austin Chalk cores (4-electrode system)

Sample Environment Concentration (wt%) At12Hz (4e) Q- m  At1kHz(4e) Q m  At10kHz (4e) Q- m
Austin Chalk + DI 0.1 80.605 65.921 66.040

Austin Chalk + DI S.0 1.126 1.072 1.074

Austin Chalk + PW 0.1 3.266 1.815 1.110

Austin Chalk + PW 5.0 3.151 1.496 0913

Table 6. Bulk resistivity of Austin Chalk cores (2-electrode system)

Sample Environment Concentration (wt%) At12Hz (2¢) Q- m At1kHz (2¢) Q- m At10kHz (2¢) Q- m
Austin Chalk + DI 0.1 83.249 81.647 80.884
Austin Chalk + DI 5.0 3.584 3.318 3.310
Austin Chalk + PW 0.1 3.573 1.863 1.857
Austin Chalk + PW 5.0 3.264 1.540 1.549
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e ERis highly sensitive at low K,CO3 concentrations (<3 wt%)
but stabilizes at higher concentrations.

This study adds evidence to the research aimed at strengthen-
ing monitoring methods for carbon sequestration and describ-
ing the geochemical properties of subsurface reservoirs. Future
research should focus on long-term studies of geochemical dura-
bility, dynamic flow conditions, and true CO,-brine systems to
evaluate field-scale geophysical tests and computational mod-
eling. These steps will help extend the results to other set-
tings and refine real-time monitoring approaches for high-salinity
aquifers.
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