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ABSTRACT: During the last few years, there has been an increase in awareness related to global
warming. In this context, carbon capture and storage comes into play, intending to reduce the
emission of greenhouse gases. This research focuses on reservoir rocks from the San Jorge Gulf
Basin (Argentina). To analyze the feasibility of storing CO, in the reservoir layer, this research
studies the evolution of the rock’s porosity and mechanical properties, using samples obtained from
outcrop. With this aim, a series of tests such as Mercury Intrusion Porosimetry, X-Ray Fluorescence,
and Uniaxial Compressive tests were performed over both unaltered and CO»-altered specimens.
Preliminary results show a variable affectation of the porosity, mainly in the carbon dioxide contact
zone. Carbonated samples also seem to present modifications in their mechanical properties.
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1 INTRODUCTION

Since 1979, the year in which the World Meteorological Organization first brought up the climate
change topic, there has been an increasing interest in finding alternatives to mitigate global warming.
Considering the fact that this phenomenon is produced due to the high rate at which greenhouse effect
gases are emitted (Saddiqui et al. 2022), more particularly CO, (Working Group III of the
Intergovernmental Panel on Climate Change 2014), attention is being paid to the handling of these
fluids.

Carbon capture and storage (CCS) is a widely known option for reducing the atmospheric
concentration of carbon dioxide. This proposal consists of capturing the greenhouse gas either
directly from its emission source or the atmosphere and injecting it into an underground suitable
rock. According to Bachu (2000), different formations have been proven to be adequate for carbon
dioxide storage, such as oil and gas reservoirs, unminable coal beds, and deep saline formations.

In this article, the stratum proposed as a case study for CO; storage is part of an oil and gas
formation. The reservoir rock chosen is part of the San Jorge Gulf Basin, located in the Argentinian
Patagonian region. This rock is a well-sorted glauconitic sandstone, formed of marine sediments,
which constitutes the shallowest oil reservoir of the basin, depleted at present (Foix 2009).
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When considering whether if a certain reservoir rock is adequate for carbon storage, it is necessary
to analyze the evolution of the rock’s properties when altered by supercritical carbon dioxide
(scCO,). Among the properties to which more attention should be paid, porosity, composition, and
strength should be considered. The variation in the rock’s microstructure is of particular interest due
to its direct influence over the reservoir’s storage capacity and the trapping mechanism involved in
the CCS process (Bradshaw et al. 2007). These characteristics combined with the evolution in the
strength of the studied rock would determine the reservoir’s integrity for CO, long-term-storage
(Hawkes et al. 2004).

Given the fact that CCS is a booming topic nowadays, several authors have studied the
modification produced in the behavior of reservoir rocks and more particularly sandstones, under the
action of carbon dioxide (Rosenbauer et al. 2005, Wigand et al. 2008, and Marbler et al. 2012).
Bearing this in mind, this article aims to analyze the evolution of the properties of a San Jorge Gulf
Basin (Patagonia-Argentina) sandstone when altered by scCO,. As there is little information related
to the geomechanical characterization of the studied sandstone in its pristine state, the behavior of
the unaltered and carbonated rock will be examined.

2 MATERIALS AND METHODS

2.1 Sandstone-core obtention
2.1.1 Pristine sandstone cores

The studied sandstone belongs to a Formation of the San Jorge Gulf Basin, located in the Patagonian
Region of Argentina. This rock stratum is a shallow depleted oil and gas reservoir, considered to be
a feasible storage for carbon dioxide. This statement is based on two main facts. The first one is that
it is one of the alternatives for storing CO, mentioned by Bachu (2000), given the fact that it is a
sandstone with high natural porosity and permeability (Rodriguez et al. 2014). The second one is that
this rock layer has already been considered and used as a subsurface gas reservoir (Rodriguez et al.
2014).

To characterize the sandstone at both states, pristine and carbonated, samples were obtained from
outcrop considering that obtaining deep reservoir samples was unaffordable. Once samples were
available, a coring machine and a saw were employed to extract the specimens that would be furtherly
tested, following the specifications of the ASTM D 4543 — 01.

2.1.2 Carbonated sandstone cores

To obtain scCO2-altered sandstone cores, it was first necessary to establish a series of parameters,
which would ensure that the exposure of the studied rock was as close to reality as possible. In
particular, the temperature and pressure of the CO, had to be determined, ensuring its supercritical
state, which according to Ranjith et al. (2013) is reached for temperatures and pressures above
31.48°C and 7.38 MPa. Considering the reservoir reaches a mean temperature of 60°C, and an
estimated confinement pressure of 18 MPa, these were the target values for the CO, injection.

Once the properties of the scCO, were defined, the core-alteration began. The sandstone cores
were water-saturated by submerging them for 24 hours, bearing in mind that CO, diffusion is more
effective in saturated environments. Afterward, the saturated cores were introduced into the reaction
cell and water was poured into the cell’s bottom to maintain a saturated environment. CO, flowed in
the cell until it was filled and the valves were closed, isolating the whole system. At this point,
temperature was risen in steps of 20°C/hour until the desired value was reached. The final pressure
registered was of 10.5 MPa, indicating the CO was in a supercritical state. When the proposed 30-
day-exposure period was fulfilled, the temperature and pressure inside the cell were taken to room
conditions by performing a series of steps to avoid the breakage of the rock cores, first reducing the
temperature and then the pressure. Finally, the carbonated cores were extracted from the cell.
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2.2 Mechanical property determination

With the aim of analyzing the evolution in the mechanical properties of the studied sandstone,
Uniaxial Compressive tests were performed, following the ASTM D 3148 — 02 specifications. It
should be noted that the specimens didn’t verify the length/diameter ratio condition, mainly due to
the core breakage through weakness planes during their coring process.

Two groups of sandstone cores were tested, the first group was composed of sixteen intact rock
cores, and the second group was formed of six 30-day-carbonated cores. All of the specimens tested
were adequately measured and weighed, after which, horizontal and vertical strain gauges were
pasted to their surface to furtherly plot their stress-strain curves.

2.3 Microstructural property determination

When determining the microstructural properties of the sandstone at both its pristine and carbonated
state, the aim was to study in general terms the evolution of the rock’s porosity as well as the reactions
produced during the short-term CO, exposure. This would lead to a detailed analysis of the variation
in the mechanical properties of the rock in terms of the microstructural properties. Another more
focused objective was to study the reach range of the carbon dioxide alteration inside each core.

As a means of achieving the mentioned goals, X-Ray Fluorescence (XRF) and Mercury Intrusion
Porosimetry (MIP) tests were performed for the cores subjected to the Uniaxial Compressive tests.
Given that both tests need small amounts of material with no particular shape, pieces of sandstone
were obtained from the center and the edge of the 30-day-carbonated sandstone cores, to analyze the
penetration degree of the CO,. To study the evolution in the microstructural properties due to the
scCO; exposure of the sandstone, pieces of the pristine tested cores were also extracted.

3 RESULTS AND DISCUSSION

3.1 Uniaxial compressive strength

In the following graphs (Figure 1 and Figure 2), the results obtained for the Uniaxial Compressive
tests performed for the pristine and carbonated sandstone cores are presented. As it was previously
mentioned, the cores presented certain variability in their length/diameter ratio, reason why the
Uniaxial Compressive Strengths (UCS) determined during the tests were corrected and standardized
for a two-value-ratio, using the recommendations stablished by the ASTM D 7012-10.
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Figure 1. UCS results obtained from performing Figure 2. Young’s Modulus results obtained from
Uniaxial Compressive tests. performing Uniaxial Compressive tests.
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As it might be observed from Figure 1 and Figure 2, the mean UCS and Young’s Modulus values for
the pristine rock are 21.04 MPa and 10.29 GPa respectively, while the 30-day-carbonated-sandstone
presented values of 12.67 MPa and 4.27 GPa. From these results, we can conclude that there is a
reduction in the UCS when the rock is exposed to scCO», a behavior also noted by Rathnaweera et
al. (2015). It might also be noted that there is a change in the breakage behavior of the rock, becoming
more ductile after the scCO,-aging.

3.2 Mercury intrusion porosimetry

When analyzing the results obtained from performing the MIP tests on the different pieces extracted
from the intact and CO,-altered cores, the porosity was determined. The values determined could be
divided into three different groups in terms of the type of specimen analyzed: a) pristine sandstone,
b) 30-day-carbonated sandstone obtained from the center of the tested cores, and c) 30-day-
carbonated sandstone extracted from the edge of the tested cores. Bearing this classification in mind,
the results have been plotted in the following graph (Figure 3).

As it might be observed in Figure 3, an important reduction in the sandstone’s porosity occurred
after the 30-day-CO; exposure. The decrease in the porosity in the edge of the cores tested is around
50% regarding the sandstone’s porosity before being introduced into a CO»-rich environment. It can
also be seen that there is a greater dispersion in the porosity results obtained for the pristine sandstone
than for the altered rock. This is mainly because the amount of available intact sandstone sample was
larger than the scCO»-aged one, being it more probable for the heterogeneity of the rock to show up.

When analyzing the variation in the rock’s properties in terms of the carbon dioxide’s reach range
inside of the core, it might be noted that the center of the cores also suffered modifications in their
porosity. It must be brought to attention that the reduction in the center’s porosity is smaller than the
one produced on the edge of the core. This is an expected result given the short period of exposure
to which the sandstone cores were submitted. It is also important to consider that the edges were
influenced by the action of scCO; from the beginning, while the center of the specimens was exposed
for a shorter time. This statement refers to the fact that the core’s center came into contact with the
carbon dioxide once its diffusion through the water had occurred.
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Figure 3. Results obtained from performing Mercury Intrusion Porosimetry.
3.3 X-Ray fluorescence
The results obtained from performing the X-Ray Fluorescence (XRF) test on the different types of
sandstone specimens are presented in the following table (Table 1). As it might be observed, in

general terms, the variation in the content of the different elements which compose the 30-day-
carbonated sandstone specimens is more notable in the ones extracted from the core edges. This was
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the expected result considering that the edges of the specimens were directly exposed to the CO,
action from the beginning and was corroborated when analyzing the MIP results.

Table 1. Results obtained from performing the X-Ray Fluorescence test.

Main elements

Specimen description

Pristine sandstone

30-day-carbonated
sandstone (center)

30-day-carbonated
sandstone (edge)

AL Os 5.24 5.55 5.57
CaO 16.61 14.65 11.28
Fex0s 6.30 4.10 8.70
MgO 0.66 0.65 0.76
Si0, 49.35 5541 50.05
Others 21.84 19.64 23.64

When analyzing the XRF results more deeply, it might be mentioned that there is a notable increment
in the content of ALO;, Fe,Os, SiO,, and MgO. According to Othman et al. (2018), these
modifications in the composition are produced during the dissolution of clay minerals, present in the
intact sandstone studied (5% reported by the X-Ray Diffraction test performed). The increase in SiO;
could also be a consequence of quartz dissolution (unaltered sandstone contains 26% according to
the X-Ray Diffraction test performed). The observed decrease in the concentration of CaO, indicates
that during the scCO; injection, calcite present in the unaltered sandstone is dissolved (28% reported
by the X-Ray Diffraction test performed).

The modifications produced in the composition of the studied rock after being exposed for 30
days to a CO»-rich environment, are directly related to the UCS and porosity decrease. On the one
hand, the dissolution of quartz and clay minerals produces a reduction in the sandstone’s strength as
its rock matrix is altered (Rathnaweera et al. 2015). On the other hand, the precipitation of clay
mineral dissolution has been proven to produce pore-blocking (Othman et al. 2018), producing
consequently the diminution in the porosity of the rock.

4 CONCLUSION

Climate change and global warming produced due to the rise in carbon dioxide emissions to the
atmosphere represent a worldwide problem. Carbon capture and storage is considered to be an
adequate mitigation alternative to the effects produced by the presence of greenhouse effect gases in
the environment. In this article, a glauconitic sandstone from the San Jorge Gulf Basin was studied
as a possible carbon storage. The proposed storage would be an oil and gas-depleted reservoir type.

With the aim of analyzing the feasibility of the reservoir rock as a carbon storage, a series of
mechanical and microstructural tests were performed on unaltered and 30-day-carbonated sandstone
specimens. From the results obtained, it was possible to observe a reduction in the Uniaxial
Compressive Strength and a modification of the sandstone after being exposed to carbon dioxide for
30 days. It could also be seen a reduction in its porosity, more notable in the regions in which the
sandstone was in direct contact with the CO; from the beginning of the exposure. The compositional
analysis performed on the different specimens allowed a better understanding of the reduction of the
rock’s UCS and porosity. It could be observed that there was quartz and clay dissolution, which
produced pore-blocking and rock-matrix alteration.

Further research should include the analysis of Scanning Electron Microscopy imaging, X-Ray
Diffraction, and permeability tests performed on altered sandstone, to widen the comprehension of
the evolution in the microstructural properties produced during its carbonation. It would also be of
interest to study the modifications induced to the rock when exposed to scCO, for longer periods.
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