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Abstract: In order to understand the long-term process of CO; storage and demonstrate its safety,
multi-field coupled numerical simulation is considered a crucial technology in the field of geological
CO, storage. This study establishes a site-specific homogeneous thermo-hydro-mechanical coupling
model based on TOUGH-FLAC3D coupling program using actual stratigraphic data from the Ordos
demonstration area. The analysis investigates the transport behavior of CO, within the formation
considering pore permeability homogeneity, incorporates redistribution of effective stress and rock
deformation, and provides a mechanical evaluation of the effectiveness of CO, sequestration at this
specific site. The findings indicate that: (1) the sealing effect of the cap rock depends on the difference
of permeability between the reservoirs. The greater the permeability difference, the better the sealing
effect. (2) High pore fluid pressure can lead to a decrease in the effective stress of rocks, causing
deformation. After simulation calculations, the maximum deformation of rocks can reach 7.79 mm
within a decade of CO, injection. (3) Under the condition of continuous CO; injection, the pore
pressure will not be able to dissipate quickly and will continue to rise, and eventually shear failure
will occur in the rock layer, but it is mainly concentrated in the lower part of the cap rock.

Keywords: carbon dioxide geological storage; multi field coupling; mechanical properties; storage
safety; numerical simulation

1. Introduction

Various human activities, particularly fossil fuel burning and land use change, have
caused atmospheric carbon dioxide (CO,) to rise over the past 250 years (from 280 ppm to
380 ppm) and are continuing to increase at a rate of 1 ppm/year [1,2], a change that causes
global warming. The mitigation process of greenhouse gas emissions such as CO, into
the atmosphere is considered crucial in modern society, hence the emergence of Carbon
Capture and Storage (CCS) technology [3]. Through the use of CCS, technology the total
abatement costs will be significantly reduced, and the contribution of CCS technology
to global CO, reduction will gradually increase: it is expected to represent 3% of total
abatement in 2020, rising to 10% in 2030 then increase to 19% in 2050 [4-8]. It turns out that
CCS has the largest share of emissions reduction among all individual emission reduction
technologies. In many countries such as the United States, Australia and the United
Kingdom, CCS technology has a large potential market, and in China, CCS technology
also has the potential for large-scale application. However, the large-scale use of CCS
technology will have a negative impact on the environment on which we depend if we do
not pay attention to its safety and reliability. When CO; is injected into the ground, the
formation pressure increases. When this pressure is too high and reaches a certain value,
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CO; will break through the top cover layer and escape, or the cover layer will be damaged
by hydraulic fracturing Excessive pore fluid pressure, resulting in CO, leakage. Whichever
of the above situations occurs, it will have serious consequences [9-11].

With the injection of CO; into the subsurface and its long-term storage, the stress field
and chemical field in the layer change, triggering a series of changes in geological factors
that affect the stability and safety of long-term storage of CO,. Yang Duoxing et al. found
that carbon dioxide-leakage levels and crustal tilt changes vary systematically through time
and are highly correlated, indicating increased degrees of carbon dioxide degassing from
the fault zone [12]. Xu Lifeng et al. conducted five groups of supercritical CO, leakage
experiments at different initial CO, temperatures to study the mechanism of internal and
external strain differences caused by the phase transition of supercritical CO, leakage
along faults [13]. Sang Guijie et al. investigated the changes in minerals, nanopores, elastic
velocity, and mechanical response of carbonate cap rocks caused by rock water/brine-CO,
interactions (CO, pressure: about 12 MPa; 50 degrees Celsius) to assess the risk of leakage
and rock instability caused by injection [14]. Zhao et al. used an MRI visualization system
to study the formation characteristics of hydrate caps during CO, upward leakage under
different CO, flow rates, pressures, and temperatures. They found that the plugging effect
of hydrate caps realized the termination of CO; leakage [15]. The development of numerical
simulation techniques based on multi-field coupled models provides a convenient way
to evaluate the feasibility, safety, and durability of geological storage of CO,. Credo
et al. [16] used reactive solute transport software to simulate the chemical reactions after
CO; injection into the overburden and compared them with experimental data. Bildste
et al. [17] used a reactive solute transport model to simulate the change in caprock porosity
under the acidification environment. Rutqvist [18] designed the overlapping program of
TOUGH?2 hydrothermal coupling software and FLAC3D fluid-solid coupling software to
realize THM coupling and applied it to geological CO, storage, considering the mechanical
stability of reservoir and cap formation and leakage risk rated Lei Hongwu et al. [19] added
a Taishaki mechanics module to TOUGH to analyze a series of thermodynamic changes
caused by CO; injection. Yu Ziwang [20] prepared a code to realize the round calculation
of TOUGHREACT and FLAC3D, and applied it to geological CO, storage to realize the
correction of mechanical parameters by chemical Yanjun Zhang et al. [21] proposed a CO,
surface evaluation system based on the surface uplift phenomenon after deep CO, injection,
and studied the changing relationship between the injection volume and surface uplift
through numerical simulation.

The Ordos Basin is the first pilot project in China to carry out carbon dioxide salty
water layer storage. In previous studies, few multi-field coupling based on mechanical
effects were carried out for this site. Therefore, it is necessary to establish a field level CO,
heterogeneous THM coupling model based on actual geological data and measured rock
parameters. Under the condition of heterogeneous pore infiltration, analyze the migration
law of CO, in the formation, and combine the redistribution of effective stress and rock
deformation to mechanically evaluate the carbon dioxide sequestration effect of the site.

2. Overview of the Study Area

The Ordos Basin extends across the five provinces (regions) of Shaanxi, Gansu, Ningxia,
Mongolia and Jin and is the second largest sedimentary basin in China with a total area of
370,000 square kilometers. Overall, the Ordos Basin is tectonically simple and geologically
stable, without major fracture zones, and its bedrock consists of Paleoproterozoic and
Lower Paleoproterozoic metamorphic facies, and the total thickness of the sedimentary
cover can reach 5000 to 10,000 m [22-24], so has a very large storage potential.

According to the drilling data, the stratigraphic and lithological features of the study
area are summarized and presented in Table 1. The stratigraphy and lithology of each layer
and lithology in the CO, infusion demonstration area of the Ordos Basin are as follows:
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Table 1. Stratigraphy and lithology of the study area [25].

Erathem Sytem Series

Group

Depths
(m)

Thicknesses
(m)

Lithology

Cenozoic Quaternary

15

15

Grey-yellow clay interspersed with yellowish-brown,
light brown sandy clay and gravel layers.

Cretaceous

Zhidan

140

125

Orange-red and earthy-yellow cross-cut sandstone
embedded in mudstone.

Middle

Jurassic

Anding

190

50

Dark red-brown coarse sandstone with fine gravel,
light brown-yellow, light red-brown fine sandstone
and light brown-yellow muddy siltstone.

Zhiluo

256

66

The upper part consists of gray-green muddy
siltstone and thin interbedded siltstone and siltstone,
and the lower part consists of coarse sandstone.

Lower

Yan’an

443

187

In the upper part, gray mudstone and light gray
medium sandstone are interbedded with bituminous
coal, in the middle part, mottled conglomerate is
interbedded with coal, and in the lower part, gray
mudstone and light gray medium sandstone are
interbedded with thin coal beds.

Upper
Mesozoic

Yanchang

961

518

Upper light gray medium sandstone and light gray
coarse sandstone embedded in gray mudstone,
medium gray claystone embedded in light gray fine
sandstone and light gray medium sandstone.

Middle

Yifang

1384

423

The upper part consists of brownish-red mudstone
interspersed with light gray medium sandstone, the
middle part consists of brownish-red mudstone
interspersed with light gray and brownish-red fine
sandstone, and the lower part consists of brownish-
red claystone, in which brownish-red sandstone is
embedded fine sandstone.

Triassic

Lower

Shangshanggou

1576

192

In the upper part, brownish-red sandy claystone is
interspersed with light brown-red fine sandstone, in
the middle part, brownish-red sandy claystone is
unevenly interspersed with light brown-red fine
sandstone and in the lower part, brownish-red sandy
claystone is interspersed with light brown-red fine
sandstone.

Liujiagou

1699

123

The upper part consists of light brownish-red, fine
sandstone interspersed with brownish-red claystone,
the middle part consists of brownish-red claystone
interspersed with light brownish-red, fine sandstone,
and the lower part consists of light brownish- red,
fine sandstone, interspersed with brownish-red
claystone mudstone.

Upper

Shigianfeng

1990

291

The upper part is interspersed with purple-red
mudstone and brownish-red fine sandstone, the
middle part is interspersed with purple-red and
greenish-gray mudstone and gray fine sandstone of
unequal thickness, and the lower part is interspersed
with purple-red mudstone and brownish-red fine
sandstone.

Middle

Permian

Stone Box

2232

242

The upper part is mainly interspersed with purple-red
mudstone and brownish-red fine sandstone, the
middle part is interspersed with brownish-red,
greenish-gray mudstone and brownish-red fine
sandstone, and the lower part is interspersed with
gray mudstone, purple-red mudstone and light gray
fine sandstone and gravelly coarse sandstone.

Paleozoic
Lower

Shanxi

2330

98

Dark gray and gray-black mudstone embedded in
light gray fine to medium sandstone embedded in
coal seams and coal lines.

Taiyuan

2355

25

Grey-white medium-coarse quartz sandstone and
dark gray coarse-grained clastic quartz sandstone
dominate, interspersed with mudstone and coal
seams, in the lower part with bioclastic tuff lenses.
There are also black mudstone and anthracite
mudstone interspersed with sandstone.

Carboniferous Lower

Benxi

2516

161

The upper part consists of dark gray and gray-black
mudstone interspersed with thin layers of fine
sandstone, tuff and coal layer. The soil consists of
bauxite deposits.

Ordovician Lower

Majiagou

2826

310

Gray-brown dolomitic tuff, brown-gray gypsum
dolomite and dark gray dolomitic claystone
dominate.
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3. Conceptual Modeling of the Shiqianfeng Formation at the Ordos Site

CO; sequestration is a multi-field coupling problem involving temperature, perco-
lation, chemistry and stress. In this article, the author is granted permission to use the
Geological CO, Sequestration, Temperature Field, Seepage Field, Chemical Field and Stress
Field (GCS-THCM) coupled simulation program to conduct carbon sequestration sim-
ulation research at the Ordos site [26,27]. The program was developed by the author’s
Rock Mechanics Group based on two numerical simulation software, TOUGHREACT and
FLAC3D, and the coupled temperature-seepage chemistry stress field (THCM) calculations
were effectively performed by compiling a lap-linking program between them The two
are used to simulate the mechanical effects of the caprock and the changes in surface
displacement caused by CO; filling [28-30].

3.1. Grid Segmentation

A 2D model of the reservoir cap assembly of the Shigianfeng Formation at the Ordos
site is constructed. The simulation area is generalized as a symmetrical 2D spatial model
with a length of 5000 m and a thickness of 3000 m. The model consists of 14 layers
arranged in a top-to-bottom sequence. In this study, the focus is solely on the stratigraphy
of the Shigianfeng Formation. Therefore, for simplicity, both overburden and submontane
materials are treated as homogeneous substances. Based on drilling data analysis, it is
observed that interactions between sandstone and mudstone formations give rise to a
total of 12 layers with 6 composite reservoir-lid layers. Considering the possible range of
stress changes caused by CO; injection and the influence of boundary effects, the model
is horizontally decomposed by a non-isometric grid, and the grid gradually increases
from the injection point to the boundary, and the entire model is divided into a total of
7931 cells (Figure 1). The essential material parameters of the homogeneous model layer
were determined based on this grid model and are shown in Table 2.

Block Group

upper
sqfg1

| |sqfc

| |sqfg2
sgfc2
sqfg3
| |safe3
sqfg4
| |safc4
| |sqfgs
| |safch
| |safg6
| |safce
| |pase

woo0e

Figure 1. Model mesh dissection.
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Table 2. Stratigraphic parameters of the model.
. . . Perme?tzility Perme?I?ility Thermal Specific Heat Bulk Shear
Stratum Number Thickness Density Porosity Coe)f(ﬁ}c,lent Coefleaent Conductivity PCapacil’y Modulus Modulus
(m) (kg/m) (m?/Pals) (m?/Pals) (W/m-°C) (J/kg-°C) (Pa) (Pa)
UPPER 1700 2580 0.12 320105 321 x 1015 252 940 33 x 10° 2.3 % 10°
(overlying strata)
SQFG1 (SQF is
the Shigianfeng
Formation, G1 is
a manually
assigned number 52 2580 0.022 316 x 107> 7.89 x 10°1¢ 252 940 33 x 108 3.8 x 108
for each
interlayer of the
Shiqgianfeng
Formation.)
SQFC1 5 2580 0.124 230 x 107" 579 x 107 252 940 33 x 108 2.6 x 10°
SQFG2 105 2580 0.027 3.60 x 10715 8.98 x 10716 2.52 940 33 x 108 3.8 x 108
SQFC2 6 2580 0.083 6.28 x 10714 1.62 x 10714 2.52 940 33 x 108 2.6 x 10°
SQFG3 10 2580 0.028 3.80 x 1071° 948 x 10716 252 940 33 x 108 3.8 x 10°
SQFC3 8 2580 0.064 400 x 107" 1.01 x 107 252 940 33 x 108 2.6 x 10°
SQFG4 22 2580 0.021 3.68 x 10715 9.31 x 10716 2.52 940 33 x 108 3.8 x 108
SQFC4 4 2580 0.098 6.80 x 10~ 1.70 x 10714 2.52 940 33 x 10° 2.6 x 10°
SQFG5 24 2580 0.023 340 x 1071 848 x 1071° 2.52 940 33 x 108 3.8 x 108
SQFC5 8 2580 0.111 944 x 107 236 x 107 2.52 940 33 x 108 2.6 x 10°
SQFG6 34 2580 0.026 356 x 1071* 910 x 1071¢ 2.52 940 33 x 108 3.8 x 10°
SQFC6 8 2580 0.109 141 x 1071 349 x 107 2.52 940 33 x 108 2.6 x 10°
BASE
(underlying 1014 2580 0.11 320x 107" 331 x1071° 2.52 940 33 x 108 2.5 x 10°
stratum)

Based on the actual total injection volume of 100,000 tons per year and according to the
actual reservoir sandstone thickness of the Shigianfeng Formation, the reservoir sandstone
thickness of this reservoir-cap combination is estimated to inject 0.03 to 0.05 million t/a
of carbon dioxide per year, which is in the two-dimensional Modeling calculations are
discounted, and the injection rate of the fixed flow rate can be estimated to be about
0.002 kg/s.

In this study, we simulated the injection of CO; into the target reservoir of Shigianfeng
Formation under the condition of constant flow injection, and analyzed the subsurface
mechanical processes such as fluid transport, stress field changes, distribution of plastic
zones and deformation characteristics of cap rock in the reservoir and cover formation
Consideration of homogeneous conditions.

3.2. Initial and Boundary Conditions
3.2.1. Initial Conditions

The initial state of the model is established before starting the numerical simulation, in-
cluding the initial temperature, initial pore water pressure, and initial formation stress. The
temperature gradient is determined according to the research results of Yu Qiang et al. [31]
set to the Ordos area: T = 0.029H + 10.86; The pore water pressure is set to 10 MPa/km
(Figure 2) according to the hydrostatic pressure gradient. and the initial geopathic stress is
determined with reference to the stress gradient assumed in the study by Bai Lin [32] for
geological CO; disposal at the Ordos site.
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Figure 2. Geostress gradient.

3.2.2. Boundary Conditions

Mechanical boundary conditions settings: The top of the model is a free boundary,
the bottom is a fixed boundary, and both sides are sliding boundaries. Fluid boundary
settings: Since the model is a centrosymmetric half model and the left boundary is the
injection center, the left boundary of the model is set as the water-isolated boundary, the
right and upper boundaries of the model are set-head boundaries, and the lower boundary
of the model is a water-isolated boundary; Temperature Limit Settings: The left limit is an
isolated limit and the other limits are fixed temperature limits.

4. Results and Discussion

On the basis of the conceptual model established in this chapter, software TOUGHRE-
ACT (v4.13-OMP) and software FLAC3D (version 7.0) are overlapped for coupled numerical
calculation. Conduct a ten-year injection simulation, with a calculation time of up to ten
days. Explore the migration of CO; in homogeneous and heterogeneous models, as well
as the changes in pore fluid pressure and effective stress caused by CO; injection. Further
analyze the formation deformation caused by CO; injection, and apply the Mohr-Coulomb
model to analyze and evaluate the stability of the mudstone cap rock.

4.1. CO, Migration

Figure 3 shows the transport of CO, through the reservoir over a decade. As the
injection time increases, CO, migrates further and upward over time. In the vertical
direction, CO, has a lower density and moves upwards under the effect of buoyancy.
Due to the shading of the top layer, CO; converges at the bottom of the cap layer and is
transported laterally, with a small proportion of diffusion occurring into the top layer and
an overall cloud-like distribution.

Figure 4 shows the relationship between the migration distance of CO; in each reser-
voir over time. It can be seen that the CO; migration distance in two reservoirs, SQFC1
and SQFCS3, is the shortest, and the migration distances of the other four reservoirs are
relatively close to each other. In other reservoir-overburden combination formations, the
maximum migration distance of CO, is 62.45 m after one year of injection or 286.68 m after
ten years of injection.
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Figure 4. CO, migration distance over time.

Mechanism Analysis of CO, Migration

By comparing the vertical permeability relationship of each reservoir cap in Table 2, it
can be observed that the disparity between the vertical permeability of SQFC1 and SQFC3,
as well as the upper cap SQFG1 and SQFGS3, is less than two orders of magnitude. This
leads to facile CO, breakthrough into the cap rocks. Moreover, due to CO, breakthrough
into the cap layer, there is minimal increase in lateral pressure difference between the
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injection site and surrounding reservoir rocks, which hampers lateral migration of carbon
dioxide. In other reservoir-overburden combination formations, due to the large difference
in the vertical permeability of the reservoir-overburden layer and the influence of capillary
pressure closure after injection, CO, is more easily transported laterally.

Based on the analysis of the above results, we can conclude that the sealing ability of
cap rock to CO; is related to the difference in permeability between reservoir and cap rock.
The lower the permeability of cap rock is than that of reservoir rock, the more favorable it
is for CO; to be stored in reservoir rock. And when the permeability difference between
two rock layers is more than two orders of magnitude, the rock with cover layer has a good
sealing effect.

4.2. Pore Pressure and Stress Effects

The pore pressure cloud diagram in Figure 5 illustrates the gradual increase in pore
pressure within the reservoir-cover combination of rock layers near the injection wells
following CO; injection. Moreover, as the amount of injected CO; increases, so does the
extent of pore pressure changes caused by this gradual increase in pore pressure. By
comparing Figure 3’s migration distance of CO,, it becomes evident that the range of pore
pressure changes surpasses the diffusion range of CO,. This phenomenon can be attributed
to both reservoir sandstone and cover mudstone facilitating CO, transport by overcoming
capillary resistance within their respective rock pore spaces during saltwater displacement
induced by CO; injection. Consequently, due to faster downstream displacement caused by
CO, injection, there is insufficient time for relief of pore water pressure resulting in a larger
range of increased pore pressures. The increase of pore pressure caused by CO, injection
also causes the change of ground stress and the deformation of rock strata.

P
-1600 = -1600 (= 3x107
28x107
| |26x%107
-1700 |- -1700 |- S
| 22x107
5 —{18x10"
1800 [~ 1800 |
E E— A0 j 16x10"
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1 1 1 1 1 1 1 1 1 1 1 1
00 200 300 400 500 600 100 200 300 400 500 600
Distance from the injection well (m) Distance from the injection well (m)
First year Third year
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1700 (= | |2axion 1700 = [ |24x100
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Fifth year The tenth year

Figure 5. Pore fluid pressure cloud within a decade after CO, injection.
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Due to the injection of CO; fluid, the pore fluid pressure at the depth of the formation
increases greatly, and according to the Terzaghi effective stress principle, the effective stress
decreases accordingly, resulting in the formation deformation near the injection point. The
vertical deformation cloud diagrams of the formation near the injection point in the first,
third, fifth and tenth years of the pore permeability homogenization model are shown
in Figure 6. It can be seen from the figure that there is a clear demarcation of the rock
deformation, with upward uplift of the part of the formation above the vicinity of the
injection point and a slight subsidence of the part below the injection point. According to
the simulation, the maximum deformation of the rocks in the can reach 7.79 mm within
10 years after CO; injection. This is due to the increase in fluid pressure of the rock pores,
which expand and compress in all directions. In the vertical direction, the overlying layers
are lifted by upward extrusion and the underlying rock layers are compressed downward
by downward extrusion.

First year Third year

Fifth year Tenth year

Figure 6. Rock deformation near the injection point.

Mechanical Mechanism and Stability Analysis

Comparing Figures 5 and 6, it can be seen that the area and magnitude of the total
deformation of the formation is positively correlated with the magnitude and range of the
increase in pore pressure, with the increase in the injection volume, which leads to the
size and range of the pore fluid pressure in the combined area of the reservoir overburden
increases from year to year, and the magnitude and range of deformation of the formation
near the injection point also gradually increases. According to the simulation results, the
maximum vertical deformation of the formation under this injection condition is on the
order of millimeters. The area of influence gradually extends from initially a few hundred
meters to a few thousand meters. Comparing the results of Jonny’s study on the surface
displacement of the Insalah geological CO, storage site [33], the simulation results in this
paper are within a reasonable range given the difference between the injection volume and
the pore pressure variation.

The effect of pore pressure on rock damage is illustrated in Figure 7. In this figure, AB
represents the Moore shell under zero pore fluid pressure. Curve II depicts the Mohr circle
of effective stress when pore fluid pressure (p) equals zero, which can be observed within
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the Mohr envelope. As the pore pressure increases, the Mohr circle of effective stress shifts
towards the left until it becomes tangent to Mohr envelope AB, indicating that curve I and
AB in the figure are tangential at this point, signifying rock damage.

Figure 7. Effect of pore pressure on rock damage (Moore envelope in AB) [25]. I: Mohr’s circle of
effective stress; II: Mohr’s circle of non-porous fluid pressure.

After CO; is injected into the target underground reservoir, the increase in pore
pressure leads to a decrease in effective stress, and when the pore pressure increases to
a certain extent, the reservoir rock will be damaged, which is reflected in the simulation
results as the appearance of plastic zones. In the model of this work, the pore water
pressure increases within ten years of simulation, which is not enough to cause damage to
the formation. The simulation time continues to increase and after 20 years of simulating
continuous injection, the formation begins to experience shear damage. Figure 8 shows the
distribution of plastic zones simulated by our model by years of CO, injection. According to
the plastic evolution trend shown in the figure, the decrease in effective stress corresponds
to the change rule of plastic zone expansion. Due to the different permeability and thickness
of the reservoir and cover layer between individual layers, the pore fluid pressure increases
to different extents at different locations and therefore the damage to the rock is different at
different depths.

Block State

Contour of SXX

Magfac=0.000
Gradient Calculation

tresses
—1.4728x10" to —1.4500x10"
—1.4500=10" to —1.4000<10"
~1.4000%10" to —1.3500x107
—1.3500x10" to —1.2500x10"
—1.2500%10" to —1.2000%10"
—1.2000%10" to —1.1500%107
—1.1500x10" to —1.1000x10"
—1.1000x10" to —1.0500x10"
—1.0500x10" to —1.0000<10"
-1.0500x10 to —9.5000x10%
—9.5000x10° to —9.3881x10°

Interval=5.0X 10°

Effective stress/Second Decade Plastic zone/Second Decade

Figure 8. Distribution of effective stress and plastic zone during injection.

The main reason is that at the beginning of injection, the pore water pressure near
the injection point of each layer increases sharply, while the initial pressure in the upper
reservoir is lower and the effective stress change is the largest, so the first shear damage
occurs. As the injection time increases and the pore pressure gradually builds up, the
fluid migrates in the horizontal direction due to the shading of the cap rock, the change
range of the pore fluid pressure and effective stress expands laterally, and the extent of
plastic damage The area expands horizontally. However, the changes in pore pressure
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and effective stress are limited to the vicinity of the depth range of the formation where
the reservoir is located, and the changes in pore fluid pressure and effective stress in the
overlying formation are not obvious. Therefore, the distribution of the plastic zone is
limited to the lower part of the cap rock, and the integrity of the overlying rock layer can
still be maintained.

5. Conclusions

When CO; is stored in the intact formation, the effectiveness of cap rock sealing
depends on the permeability contrast between the reservoirs. The greater the difference
in permeability, the more effective the sealing becomes. If the permeability of the cap
rock is two orders of magnitude lower than that of the reservoir rock, CO, storage can be
achieved effectively.

By injecting supercritical CO,, the pore pressure in the formation is greatly increased
in a short time, resulting in a reduction in the effective stress in the rock and an uplift of the
rock towards the surface. According to the simulation, the maximum deformation of the
rocks in the can reach 7.79 mm within 10 years after CO, injection.

According to the Moore-Cullen criterion, the stability of the caprock during the CO,
injection period was evaluated by simulation. In the model, there was no shear damage to
the formation rock due to the small increase in pore pressure during the 10-year injection
period. After extending the injection time to 20 years, the formation began to exhibit
shear damage, but the distribution of the plastic zone was limited to the lower part of the
overburden and the integrity of the overlying rock layer was still maintained.
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