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CO2 sequestration in coal seam has proved to be an effective way for reducing air pollution caused by greenhouse gases. A study
on the rules of fluid transfer and reliability of CO2 storage during gas injection is necessary for the engineering application.
However, the clarification of multifield coupling in long-term CO2 sequestration is the difficulty to solve the aforementioned
problem. Previous investigations on the coupled model for CO2 storage in coal seam were not exactly comprehensive; for
example, the multiphase flow in the fracture and the nonlinear behavior of gas diffusion were generally neglected. In this
paper, a new multistage pore model of the coal matrix and the corresponding dynamic diffusion model were adopted.
Meanwhile, the CO2-induced coal softening and the CO2-water two-phase flow in coal fracture were also taken into account.
Subsequently, all the mentioned mechanisms and interactions were embedded into the coupled hydromechanical model, and
this new fully coupled model was well verified by a set of experimental data. Additionally, through the model application for
long-term CO2 sequestration, we found that the stored CO2 molecules are mainly in an adsorbed state at the early injection
stage, while with the continuous injection of gas, the stored CO2 molecules are mainly in a free state. Finally, the roles of
multiphase flow and gas dynamic diffusion on fluid transfer and coal behavior were analyzed. The results showed that the
impact of multiphase flow is principally embodied in the area adjacent to the injection well and the coal seam with lower
initial water saturation is more reliable for CO2 sequestration, while the impact of gas dynamic diffusion is principally
embodied in the area far away from the injection well, and it is safer for CO2 sequestration in coal seam with greater
attenuation coefficient of CO2 diffusion.

1. Introduction

With the rapid development of human society industrializa-
tion, the anthropogenic emissions of greenhouse gases
(GHG) such as CO2 are escalating, which is believed as a pri-
mary cause for global climate change [1]. In this respect, the
United Nations Intergovernmental Panel on Climate Change

(IPCC) recommends utilizing Carbon Capture and Storage
(CCS) technology to cut GHG emissions drastically [2]. At
present, several potential methods for CO2 storage have been
proposed, including geological sequestration [3], oceanic
sequestration [4], and mineralized sequestration [5]. Among
these options, CO2 sequestration in unminable coal seams is
the most concerned one worldwide because of its multiple
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benefits [6]. Therefore, an applicable model for predicting
storage efficiency and analyzing coal behavior during CO2
injection is urgently needed.

The process of CO2 sequestration in coal seam can be
described as follows: firstly, the CO2 discharged from indus-
try is cooled and compressed into liquid or supercritical state;
then, the processed CO2 is transported and injected into deep
coal seam through a pipeline; and finally, the injected CO2 is
stored in the coal seam under adsorbed state or free state after
multiple mechanisms of migration, such as Darcy’s flow,
diffusion, and adsorption [7]. In addition, based on a previ-
ous study, the coal mechanical properties have a significant
impact on CO2 transfer and storage in coal seam [8], and
the injected CO2 also has a strong feedback on coal mechan-
ical behavior [9]. This complex coupled process can cause
difficulties in modeling long-term CO2 sequestration in the
coal seam. To date, there are various models that have been
proposed under different assumptions. Wu et al. [10] estab-
lished a coupled hydromechanical model to investigate the
change of coal permeability induced by CO2 injection. They
viewed the coal seam as a dual-porosity dual-permeability
media and found that the interactions between the fracture
system and matrix system are crucial for analyzing the CO2
migration in coal seam. Qu et al. [11] embedded the temper-
ature effect into the model of Wu et al. [10] and further
revealed the impact of internal fractures on coal permeability
during CO2 sequestration. Additionally, several models for
CO2 geological sequestration with different coupling rela-
tions have also been proposed in recent years. Masoudian
et al. [12] developed a fully coupled model of coal deforma-
tion and gas flow. Based on a parametric study, the
researchers believed that the elastic modulus is the most pri-
mary coal property in clarifying the process of CO2 storage.
Fan et al. [13] considered the thermal field in the existing
gas-solid coupling model and found that the coal swelling
or shrinkage induced by temperature change could not be
neglected in modeling coal permeability and CO2 storage
efficiency. Further, Zhang et al. [14] derived a coupled ther-
mal-hydrological-mechanical-chemical model by taking gas
dissolution and chemical reactions into account. They
showed that the model contenting more related factors has
more accuracy in predicting CO2 injection rate and studying
the mechanical behavior of coal.

Although considerable models have been proposed, there
are still two imperfections in the recent studies. The first is
that the effect of groundwater is usually neglected. Based on
Fan et al.’s [15] study, the initial water saturation in coal seam
plays a significant role in CO2 sequestration or CO2
enhanced coalbed methane recovery. The preexisting water
can complicate the fluid flow during CO2 sequestration in
coal as a result of the interaction between the gas phase and
liquid phase, which is mainly reflected by relative permeabil-
ity [16]. Additionally, many theoretical and experimental
studies have found that the relative permeability of gas or
water is controlled by water saturation, as shown in
Figure 1. The results illustrate that although the values of
relative permeability obtained by different investigations are
not identical, they have the same variation trend with water
saturation. It is obvious the migration ability of gas in coal

seam with higher water saturation is extremely low, thus
disregarding the original water of the reservoir may over-
value the CO2 storage rate grossly.

The second imperfection is that the prior models did not
address the complex dynamic diffusion of CO2 in coal. But in
fact, the nonlinear diffusion process of gas in coal matrix pore
has been widely reported in previous investigations [24–26].
Liu et al. [27] introduced a dynamic diffusion model which
the diffusion coefficient attenuates with time, and the model
has been verified by experimental results and field test data
of coalbed methane recovery. In addition, Clarkson and
Bustin [28] conducted a series of experiments for determin-
ing CO2 diffusivities in coal under different pore structure
and gas pressure. The results indicated that the CO2 diffusion
in the coal matrix may not be a steady-state process and is
largely dependent upon the pore structure and distribution.
Therefore, to analyze the fluid flow in coal seam during
CO2 geological sequestration and reveal the mechanical char-
acteristic alterations induced by CO2 injection, an applicable
coupled model, which considers multiphase flow and
dynamic diffusion of gas, must be developed first.

This paper establishes a fully coupled CO2-water-coal
multiphase model in which the CO2 diffusion coefficient is
dependent on the pore size of the coal and diffusion time.
Young’s modulus and Poisson’s ratio of coal are also varied
with the amount of the adsorbed CO2 in coal according to
a set of experimental results. In addition, the impacts of
multiphase flow and gas dynamic diffusion on CO2 storage
efficiency and coal behavior were analyzed accordingly. Our
investigation can improve the understanding of gas-water-
coal interactions under complex coupling and better evaluate
the reliability of storage conditions after CO2 injection.

2. A Fully Coupled Hydromechanical
Model with CO2-Water Two-Phase Flow

Aiming at comprehensively clarifying the complex coupled
process during CO2 geological sequestration, in this section,
four governing equations and a set of coupling relations are
developed, including coal deformation, gas diffusion in coal
matrix, two-phase flow in coal fracture, CO2-indeced soften-
ing in coal, adsorption-induced coal swelling and stress-
induced permeability alternations in coal fracture.

2.1. CO2 Diffusion in Coal Matrix. The diffusion and adsorp-
tion of gas in coal is the main reason why coal seam can
capture and store CO2. Thus, describing the diffusion behav-
ior of CO2 in the coal matrix accurately is vitally important in
making exactly the prediction of CO2 geosequestration.
Typically, the unipore diffusion model is adopted to express
the gas diffusion in porous media, as shown in Figure 2(a).
For this model, the diffusion coefficient is constant at any
time of CO2 storage (see in Figure 2(b)). But in fact, the pore
structure and distribution of coal are complex and the fractal
characteristics of the pore have been widely reported in
recent years [29–31]. Based on these investigations, a new
diffusion model with a multistage diffusion path was devel-
oped by Li et al. [32], which is illustrated in Figure 2(c). For
the new proposed model, the pore structure has obvious
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fractal properties on a specific scale, and the CO2 diffusion
coefficient varies with time because of the narrowing diffu-
sion path (see in Figure 2(d)). Additionally, according to
the experimental results from Liu and Lin [33], the gas
dynamic diffusion coefficient considering the fractal proper-
ties of the pore can be expressed as the following equation:

Dt =D0 exp −βtð Þ, ð1Þ

where D0 is the initial diffusion coefficient of CO2, and β
represents the attenuation coefficient. Therefore, the exist-
ing governing equation for CO2 diffusion [34, 35] evolves
as follows:

φm
M
RT

∂pm
∂t

+
ρcρgavLpL
pm + pLð Þ2

∂pm
∂t

=
3π2MD0 exp −βtð Þ pf g − pm

� �

RTL2
,

ð2Þ

here, φm is the porosity of the coal matrix, pm represents the
CO2 pressure in the matrix, pf g represents the CO2 pressure
in fracture, M is the molar mass of CO2, R is the gas molar
constant, T is the temperature, ρc is the density of coal, ρga
is the density of CO2 under standard condition, L is the
average distance between fractures of coal, and vL and pL
represent the Langmuir volume constant and Langmuir pres-
sure constant, respectively. In Eq. (2), the first term of the left
side represents the mass change of free gas, the second term
of the left side represents the mass change of the adsorbed
gas, and the right side represents the CO2 diffusion between
the coal matrix and fracture, which is defined as a nonlinear
process in this paper.

2.2. Two-Phase Flow in Fracture. As a result of initial water
saturation, the fluid flow in coal fracture should be regarded
as a two-phase flow process during CO2 injection. Based on a
previous study [36], the mass balance equation for multi-
phase flow can be written as:

∂mi

∂t +∇∙ ρiuið Þ =Qi, ð3Þ

where ui is the velocity (i = g or w represents CO2 or water,
respectively), Qi is the flow sinks, andmi is the mass of differ-
ent phases, which can be given as:

mi = φf siρi, ð4Þ

here, φf is the porosity of fracture, and si represents the gas or
water saturation ðsw + sg = 1Þ. In addition, the velocity of
fluids can be described by Darcy’s law, which is:

ui = −
kkri
μi

∇pf i, ð5Þ

where k is the absolute permeability, kri is the relative perme-
ability of gas or water, and pf i represents the gas or water
pressure in fracture ðpf g − pfw = pcÞ.

In this paper, we assume that the water only exists in the
fracture system, while the CO2 exists in both the fracture sys-
tem and the matrix system, and the CO2 in the fracture can
further diffuse into the coal matrix. Therefore, the flow sinks
for gas and water in the fracture can be expressed as:

Qg =
3π2MD0 exp −βtð Þ pm − pf g

� �

RTL2
, ð6Þ

Qw = 0: ð7Þ
Substituting Eqs. (4)–(7) into Eq. (3), we yield the gov-

erning equations for CO2-water two-phase flow in fracture:

∂φf sgρg
∂t

−∇∙
ρgkkrg
μg

∇pf g

 !
=
3π2MD0 exp −βtð Þ pm − pf g

� �

RTL2
,

∂φf swρw
∂t

−∇∙
ρwkkrw
μw

∇pfw

� �
= 0:

ð8Þ

2.3. Relative Permeability. As mentioned in the Introduction
section, the relative permeability is the key factor for
controlling the two-phase flow behavior. Several relative
permeability curves have been proposed over the last two
decades. In this study, the following equations are adopted
to describe the relationship between relative permeability
and water saturation [26]:

S∗ = sw − swr
1 − swr − sgr

, ð9Þ

krg = 1 − S∗ð Þ2 1 − S∗2
� �

, ð10Þ

krw =
ffiffiffiffiffi
S∗

p
1 − 1 − S∗1/a
� �ah i2

, ð11Þ

here, S∗ is the effective saturation, swr and sgr are irreducible
saturations of water and gas, respectively, and a is a coeffi-
cient. Further, Figure 3 illustrates the corresponding relative
permeability curves.

2.4. CO2-Induced Coal Softening. The alternations of
mechanical properties in coal induced by CO2 injection are
another process which is usually neglected in modeling
long-term CO2 sequestration in the coal seam. And consider-
able reports have shown that the coal properties, such as
Young’s modulus and Poisson’s ratio, are not negligible for
analyzing fluid migration and evaluating the reliability of
CO2 storage. Therefore, embedding the CO2-induced coal
softening into the coupled model is much-needed.

Aiming to clarify the impact of CO2 pressure on coal
mechanical behavior, Ma et al. [37] conducted a triaxial
compression test using coal samples with CO2 contents.
The laboratory data indicates that the sample with high
CO2 pressure exhibits lower Young’s modulus and higher
Poisson’s ratio, as shown in Figure 4. To quantify the change
of Young’s modulus induced by CO2 overpressure, we
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propose an exponential equation to fit the experimental
results (see in Figure 4), which is written as:

Ep = E exp −δ1∙Δpmð Þ, ð12Þ

where E is the initial Young’s modulus of coal before CO2
injection, Ep is Young’s modulus varying with pore pressure
of gas, and δ1 represents a fitting coefficient related to coal
condition, which is equal to 0.2291 in this study according
to the experimental data.

Similarly, another exponential equation is introduced to
quantify the alternation of Poisson’s ratio (see in Figure 4),
which is written as:

νp = νl + ν − νlð Þ exp −δ2∙Δpmð Þ, ð13Þ

where ν is Poisson’s ratio of coal when the overpressure is

zero, νp is Poisson’s ratio varying with pore pressure of gas,
νl is the maximum value of Poisson’s ratio, which is set to
0.5 in this study, and δ2 represents the fitting coefficient,
which is equal to 0.1054.

2.5. Coal Deformation. Based on our previous study [26], the
governing equation of coal deformation considering two-
phase flow, adsorption-induced swelling, and CO2-induced
softening can be described as:

Gui,jj +
G

1 − 2νp
− αmpm,i − αf pf ,i − Kεs,i + f i = 0, ð14Þ

1 − 2νpÞÞ is the bulk modulus; pf = sgpf g + swpfw is the total
fluid pressure in the fracture system; αm and αf are the Biot
coefficients of coal matrix and fracture, respectively; and εs
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is the coal strain induced by the CO2 adsorption, which is
defined as:

εs =
εLpm

pm + pL
, ð15Þ

here, εL represents the Langmuir strain constant. Addition-
ally, note that in Eq. (14), Young’s modulus and Poisson’s
ratio are not constant like other references assumed, but vary
with CO2 pressure in the coal matrix.

2.6. Cross-Coupling. The interactions between fluid transport
and coal deformation are the primary reason why it is diffi-
cult to model long-term CO2 geological sequestration. Fluid
transfer in coal seam during CO2 injection involves multiple
mechanisms, such as two-phase flow, gas diffusion, and gas
adsorption. All of these processes can cause alternations of
stress and strain in the coal seam. In this paper, the change
of porosity is adopted to reflect the main impact of the fluid
transfer on the mechanical properties of coal. And mutually,
the change of porosity also has a strong feedback on coal per-
meability. According to cubic law and the investigation of Ma
et al. [36], the following equations can model the mentioned
cross-coupling process:

φf = αf + φf 0 − αf

� �
exp −

Δσ′
K

 !
,

k
k0

=
αf + φf 0 − αf

� �
exp −Δσ′/K

� �

φf 0

2
4

3
5
3 ð16Þ

where Δσ′ is the change of average principal stress and φf 0
and k0 are the initial fracture porosity and permeability,
respectively.

Thus, the fully coupled hydromechanical model for CO2
sequestration in the coal seam is established, and the corre-
sponding cross-couplings between the fluid transfer and coal
deformation are illustrated in Figure 5. As mentioned above,
during CO2 injection, the increasing fluid pressure in fracture
causes the opening of coal fracture and further leads to the
increase of the fracture porosity, the increasing CO2 pressure
in the coal matrix softens the coal seam and makes the coal
easier to deform, and the CO2 adsorption results in obvious
coal swelling, which can induce the decrease of fracture
porosity. All the alternations on the mechanical field will
have a substantial feedback on the hydraulic field, which is
mainly reflected in coal permeability. In the next sections,
the proposed model is implemented into COMSOL multi-
physics software to have further validation and analysis.

3. Model Validation

In this section, to verify the reliability and accuracy of the new
proposed model, we match the experimental data derived by
Robertson and Christiansen [38] with the numerical results
calculated by our model. In the experiment [38], as shown in
Figure 6(a), the coal sample was confined by a constant con-
fining pressure, and a fixed constraint was set at one end of

the samplewhile the CO2 injectionwas performed at the other
end of the sample. In the numerical simulation, a 2-D geome-
try model is developed to restore the real experimental condi-
tions, which is illustrated in Figure 6(b).

Figure 7 depicts the comparison of coal permeability
obtained by the experiment and simulation. It can be seen
that the theoretical values computed by the new model are
in agreement with the actual values. This result also indicates
that our model is reliable and reasonable in modeling long-
term CO2 sequestration.

4. Model Application and Analyses

4.1. Geometry Model and Definite Condition. In order for the
proposed theoretical model to account for the long-term CO2
sequestration in the coal seam, a 3-D geometry model with a
vertical well is assumed, which is illustrated in Figure 8(a). In
the assumption, the thickness and radius of the coal seam are
15 and 1000 meters, respectively, and the injection well is
located at the center of the model. Further, because of the
symmetry in the established model and the complexity in
computing the three-dimensional network with a finite
element, we simplify the mentioned geometry model into a
2-D model, as depicted in Figure 8(b). In addition, two
monitor points MA (10, 0) and MB (200, 0) are laid out to
investigate the variation of multiple parameters in different
conditions during the CO2 injection.

In this paper, the complex coupled model is handled by a
finite elementmethod using COMSOLmultiphysics software.
And the essence of dealing with this problem is to solve the
partial differential equations. Therefore, defining the bound-
ary conditions of different variables is the major step in
solving the provided equations. For coal deformation, the
boundary conditions are shown in Figure 8(b). For CO2 diffu-
sion in the coal matrix, the boundary condition is unavailable
because the corresponding governing equation does not
involve the derivative of position. While for the two-phase
flow in fracture, the top, bottom, and right boundaries are
set with no-flow boundary, and the flux boundary condition
(Neumann boundary condition) is adopted on the left side

Mechanical field

Coal deformation

Change of
fracture apertures Coal swelling

Alternations of
coal properties

Change of
permeability

Two-phase flow in
fracture

CO2 dynamic
diffusion in matrix

CO2 adsorption

Hydraulic field

Figure 5: Cross-couplings between fluid transfer and coal
deformation.
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of the model, which can be written as:

n
!∙

kkrg
μg

∇pf g =Qfg onΩAB

n!∙
kkrw
μw

∇pfw =Qfw onΩAB

8>>><
>>>:

ð17Þ

here, ΩAB represents the boundary AB, n! represents the
normal vector of the referring boundary, and Qfg and Qfw

are the injection rate of CO2 and water per unit time, respec-
tively. Additionally, some key parameters used in the numer-
ical simulation are listed in Table 1.

4.2. Simulation Results. Figure 9 depicts the gas pressure and
CO2 accumulative storage versus time during the CO2 injec-
tion. It can be found that because the CO2 injection rate is
constant, the CO2 accumulative storage is directly propor-
tional to the injection time. But at the early injection stage,
the stored CO2 is mainly in an adsorbed state, while at the
later injection stage, the stored CO2 is mainly in the free state
due to the attenuation of CO2 diffusion in the coal matrix.
Also, the decrease in diffusion coefficient blocks the gas
transfer from coal fracture into the inner of the coal seam
and further limits the rise of gas matrix pressure. This mech-
anism is more nonnegligible when it is far away from the
wellhead. For instance, after a 500-day CO2 injection, the
value of gas pressure in the matrix is 98.86% of that in frac-
ture at MA, while at MB, this number decreases to 53.96%,
as shown in Figure 9(b).

Coal permeability and water saturation are the two most
essential parameters in controlling the two-phase flow behav-
ior. Figures 10(a) and 10(b) present the distribution laws of
the two valuables at different injection times. The results
show that along the direction of injection, the value of the
permeability ratio decreases firstly and then increases to the
initial value. For the early stage of injection, the permeability
of the affected area is below the initial value because of the
adsorption-induced swelling, and for the later stage of injec-
tion, the permeability of the area adjacent to the wellbore
exceeds the initial value as a result of the increasing fracture
pressure. This figure also indicates that at any specific posi-
tion, the permeability increases with time after a certain
degree of decline. Additionally, from Figure 10(b), the water
saturation increases firstly and then decreases with the
increase of distance from the well. The minimum of water
saturation appears at the wellhead, which is equal to the value
of water residual saturation, while the maximum of water
saturation occurs at the middle of the coal seam, and the
distance of the corresponding position from the wellhead
increases with injection time.

Young’s modulus and Poisson’s ratio are the two most
essential parameters in controlling coal behavior during CO2
injection. Figures 10(c) and 10(d) present the distribution laws
of the two valuables at different injection times. It can be found
that Young’s modulus decreases with injection time and
increases with the distance from the injection well. However,
the variation of Poisson’s ratio is quite the opposite. That

means the coal seam displays a higher value of Poisson’s ratio
near the wellhead and at the later injection stage.

4.3. The Impact of Multiphase Flow on the Model. Figure 11
compares the distribution of gas pressure, coal permeability,
Young’s modulus, and Poisson’s ratio with the two-phase flow
model and single-phase flow model after 500-day injection.
Because of the low compressibility of water, the model consid-
ering two-phase flow shows a higher gas pressure during the
CO2 injection, which further induces the lower Young’s
modulus and higher Poisson’s ratio for coal seam. In addition,
due to the difference of Young’s modulus, the coal permeabil-
ity calculated by the two-phase model is higher than the
single-phase model. All the mentioned rules are more notable
near the injection well. This conclusion also indicates that the
impact of multiphase flow on fluid transfer and coal behavior
is principally reflected in the area adjacent to the wellbore.

4.4. Impact of Gas Dynamic Diffusion on the Model. Figure 12
compares the distribution of gas pressure, coal permeability,
Young’s modulus, and Poisson’s ratio with the dynamic
diffusion model and unipore diffusion model after 500-day
injection. Because of the decrease in gas diffusion coefficient,
the model considering gas dynamic diffusion shows a lower
gas matrix pressure during the CO2 injection, which further
induces the greater coal permeability, higher Young’s modu-
lus, and lower Poisson’s ratio for coal seam. Additionally, as
shown in Figure 12(a), the impact of the gas dynamic diffu-
sion on gas matrix pressure and fracture pressure is quite
the opposite. This is because for the multistage pore model,
fewer CO2 molecules are allowed to diffuse into the coal
matrix, and more CO2 molecules are stranded in the coal

Table 1: Parameters implemented in the simulator.

Valuable (parameter) Value Units

D0 (initial CO2 diffusion coefficient) 5 × 10−13 m2/s

β (attenuation coefficient) 1 × 10−6 -

T (temperature) 293 K

ρc (density of coal) 1650 kg/m3

vL (Langmuir volume constant) 0.045 m3/kg

pL (Langmuir pressure constant) 0.6 MPa

L (average distance between coal fractures) 0.005 m

swr (water residual saturation) 0.2 -

sgr (gas residual saturation) 0.1 -

a (the coefficient in Eq. (11)) 0.65 -

E (initial Young’s modulus of coal) 4 GPa

ν (Poisson’s ratio of coal with no overpressure) 0.285 -

εL (Langmuir strain constant) 0.03 -

φf 0 (initial fracture porosity) 0.03 -

k0 (initial permeability) 6 × 10−15 m/s

φm (porosity of coal matrix) 0.01 -

Sw0 (initial water saturation) 0.6 -

Qfg (CO2 injection rate) 5 × 10−4 m2/s

Qfw (water injection rate) 5 × 10−7 m2/s

8 Geofluids
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Figure 9: The variation of (a) cumulative CO2 injection and (b) gas pressure of matrix and fracture at MA andMB during 500 days of injection.
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fracture. The figure also indicates that the impact of the gas
dynamic diffusion on fluid transfer and coal behavior is prin-
cipally reflected in the area far away from the wellhead.

5. Conclusions

In this paper, we numerically studied the fluid transfer and
coal behavior during CO2 sequestration in an unminable coal
seam. To comprehensively describe the whole process, a
multistage CO2 diffusion model is adopted and a fully
coupled hydromechanical model is developed. In the pro-
posed models, the two-phase flow in fracture, the multistage
pore structure of the coal matrix, the adsorption-induced coal
swelling, and the CO2-induced coal softening are also consid-
ered, which is controlled by four governing equations and

several cross-coupling equations. These equations are solved
by COMSOL multiphysics software with the finite element
method. In addition, through the model validation, applica-
tion, and analysis, the following conclusions can be drawn:

(1) Our new proposed model is well varied by the exper-
imental data. It is more applicable and accurate in
modeling long-term CO2 sequestration in coal seam

(2) At the early injection stage, the stored CO2 in the coal
seam is mainly in an adsorbed state, while at the later
injection stage, the stored CO2 is mainly in a free
state. After 500 days of injection, the value of gas
pressure in the matrix is only about 54% of that in
fracture, which is attributed to the decrease in the
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Figure 11: Impact of multiphase flow on fluid transfer and coal behavior.
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diffusion coefficient. Additionally, during CO2 injec-
tion, the increasing distance from the injection well
corresponds to greater water saturation, higher
Young’s modulus, and lower Poisson’s ratio, while
the coal permeability decreases firstly and then
increases with the distance from the wellhead

(3) The impact of multiphase flow on fluid transfer and
coal behavior is principally embodied in the area

adjacent to the injection well. Further, the model con-
sidering the multiphase flow shows a greater perme-
ability, a lower Young’s modulus, and a higher
Poisson’s ratio for coal seam. That also means the
coal seam with lower water content is more reliable
for long-term CO2 sequestration

(4) The impact of the gas dynamic diffusion on fluid
transfer and coal behavior is principally embodied
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Figure 12: Impact of dynamic diffusion on fluid transfer and coal behavior.
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in the area far away from the injection well. Further,
the model considering gas dynamic diffusion shows
a greater permeability, a higher Young’s modulus,
and a lower Poisson’s ratio for coal seam. That also
means the coal seam with greater attenuation coeffi-
cient of CO2 diffusion is more reliable for long-term
CO2 sequestration

Additionally, the temperature of injection CO2 also has a
significant impact on fluid flow and coal behavior, which
needs to be investigated in the future.
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