International Journal of Coal Science & Technology (2022) 9:85
https://doi.org/10.1007/540789-022-00545-6

RESEARCH ——

®

Check for
updates

Combined control of fluid adsorption capacity and initial permeability
on coal permeability

Xiaolei Liu"?3 . Jianping Wei'%3 . Guoying Wei'?3 . Caifang Wu* - Cao Liu'*3 . Xiaoming Ni°

Received: 20 November 2021 / Accepted: 16 August 2022
©The Author(s) 2022

Abstract

The variations of strain and permeability of coal were systematically studied through the physical simulation of N, and
water injection. The effects of fluid adsorption capacity and initial permeability on strain, permeability and the dominant
effect of pore pressure were discussed. The adsorption strain and strain rate of coal during water injection are significantly
higher than those during N, injection. An edge of free adsorption exists in the early phase of N, and water injection, which
is related to fluid saturation. Within this boundary, the strain rate and pore pressure are independent. Moreover, the injec-
tion time of initial stage accounts for about 20% of the total injection time, but the strain accounts for 70% of the total
strain. For water injection, this boundary is about half of water saturation of coal. Besides, the influence of pore pressure
on permeability is complex, which is controlled by adsorption capacity and initial permeability of coal. When the initial
permeability is large enough, the effect of adsorption strain on permeability is relatively weak, and the promoting effect of
pore pressure on fluid migration is dominant. Therefore, the permeability increases with increasing pore pressure. When
the initial permeability is relatively low, the pore pressure may have a dominant role in promoting fluid migration for the
fluid with weak adsorption capacity. However, for the fluid with strong adsorption capacity, the adsorption strain caused by
pore pressure may play a leading role, and the permeability reduces first and then ascends with increasing pore pressure.
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1 Introduction

As a kind of unconventional natural gas with rich resources
(Wu et al. 2020), the development and utilization of coalbed
methane (CBM) are very important to the world energy sup-
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Table 1 Properties of the coal

M4 (%) Ay (%) Vgas (%0) Organic components

Clay Carbonate Silica R ax (%0)

2.75 7.42 6.93 99.08

0.92 2.18

The variation of permeability plays a key role during CBM
production. It is mainly influenced by coal deformation,
effective stress and pore pressure (Tao et al. 2018; Zhang et
al. 2019). Pore pressure has multiple effects on CBM pro-
duction (Liu et al. 2020). The results of previous studies
are also different. Some scholars believed that the effective
stress reduced with increasing pore pressure, and the perme-
ability ascended under the condition of constant confining
pressure (Tan et al. 2018). Besides, some studies considered
that the increase of pore pressure promoted the adsorption
deformation of coal, leading to the decrease or first decrease
and then increase of permeability (Li et al. 2020; Mazumder
and Wolf 2008; Wang et al. 2011). Therefore, the leading
role of pore pressure may be different in different stages.
The effective stress also influences permeability through
coal deformation. Moreover, a lot of researches have been
done on the adsorption deformation caused by gas (Liu et al.
2020, 2021; Wang et al. 2021; Zhu et al. 2018). Most stud-
ies suggested that Langmuir law could be used to describe
the relationship between adsorption deformation and pres-
sure (Meng and Li 2018; Zang et al. 2015). The adsorption
deformation increases linearly with increasing adsorption
quantity (Liu et al. 2010). Besides, the adsorption deforma-
tion in vertical bedding direction and parallel bedding direc-
tion are consistent (Meng and Li 2018).

Furthermore, water and gas are different fluids. Water can
also cause adsorption deformation of coal, which is simi-
lar to the adsorption deformation of gas (Fan et al. 2018;
Liu et al. 2018; Pan et al. 2010; Thararoop et al. 2015).
The adsorption deformation laws of gas are also applicable
to the adsorption deformation of water. According to the
study on the adsorption deformation of water vapor on coal
surface under static conditions, it was considered that the
adsorption expansion model of water on coal surface could
be established based on the adsorption expansion model of
gas (Pan 2012). Some studies showed that the deformation
caused by water adsorption could be restored to its original
state after drying completely (Fry et al. 2009). Meanwhile,
because of the adsorption and desorption of gas and water
on coal surface, the deformation of coal has a great influ-
ence on permeability (Zang et al. 2015; Zhang et al. 2018).
This may be affected by adsorption stress (Zhou et al. 2021).
The water in coal can significantly retard the adsorption and
desorption rate of gas, and then affect the coal permeabil-
ity (Li et al. 2018; Liu and Wu 2017). The research on the
adsorption deformation of coal on water can provide fun-
damental basis for revealing the influence of water on the
production of CBM. However, compared with the study on
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adsorption deformation of gas, the research on the adsorp-
tion deformation of water is relatively less.

To sum up, gas and water coexist in coal, and CBM pro-
duction is affected by coal deformation. The influence of gas
and water on coal permeability needs systematic analysis. It
can provide theoretical basis for CBM simulation and opti-
mization of drainage system. In our previous research, the
changes of strain and permeability of coal during gas injec-
tion have systematically analyzed (Liu et al. 2020). How-
ever, there is also a lack of systematic comparison of gas
and water adsorption strain, especially the variation of gas
and water adsorption strain at the early phase. Besides, the
adsorption strain of gas and water and its impact on perme-
ability have been discussed by predecessors, but there are
still different opinions on the role of pore pressure. Given
this, the strain and its influence on permeability during gas
and water injection were systematically studied on the basis
of our previous research, especially in the early phase, and
the similarities and differences of coal deformation and per-
meability were systematically analyzed. Besides, the effects
of pore pressure during injection were discussed.

2 Samples and experimental equipment
2.1 Coal samples

The coal samples were collected from Hongfa coal mine
situated in Yuwang of Eastern Yunnan, China. The coal pil-
lars (50 mm in diameter and 100 mm in length) used in this
text (HF1 and HF2) drilled from the same coal sample. They
were obtained along the bedding plane. The properties of
the coal were tested according to GB/T 212-2008, GB/T
8899-2013 and GB/T 6948 -2008 (Table 1). M4, 44 and
V4a TEPresent moisture of air-drying base, ash of dying base
and volatile of dry and ash free base respectively. R, ., rep-
resents vitrinite reflectance. Clay minerals were not detected
in these coal samples.

2.2 Experimental methods

The experimental apparatus was shown in Fig. 1. A water
injection device was added based on Liu et al. (2020). Valve
1 and 7 were used to control the pipeline of gas and water
injection. Radial extensometer was used to record radial
deformation.

Pore pressure and adsorption can cause coal deforma-
tion when fluid is injected into coal. In order to remove the
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strain directly caused by pore pressure, the non-adsorbable
He was first injected into the coal. After that, the adsorbed
N, and water were injected into the coal. The experimental
processes were as follows:

(1) Samples drying and loading were in accordance with
our previous research (Liu et al. 2020). The axial pres-
sure and confining pressure were 5 MPa.

(2) He and N, injection. The coal pillar of HF1 was used.
The processes were consistent with our previous
research (Liu et al. 2020). The injection pressure was
set from 1 MPa to 4 MPa with 0.5 MPa intervals. The
adsorption of each pressure was not completely satu-
rated. Even at the end of the experiment, the adsorption
of the sample did not reach saturation. For cylindri-
cal samples, if it is completely saturated, it will take a
very long time. Meanwhile, considering that creep may
occur under long-term compression. Combined with the
purpose of this paper, without affecting the experimen-
tal results, the injection pressure was increased to the
next point when the strain changed slowly for a period
of time. Due to the non-adsorption of He, the strain was
stable soon, and the duration of each injection pressure
was about 2 h. The duration of each injection pressure
was about 12 h during N, injection.

(3) Water injection. The coal pillar of HF2 was used. Step
(1) was repeated. The injection pressure was increased
from 1 MPa to 3 MPa with 0.5 MPa intervals. The injec-
tion time before the experiment was designed to be 12 h.
However, it was found that the early strain was very fast
during water injection, so the early injection time was
prolonged, and the later injection time was appropri-
ately shortened according to the change of strain. When
the radial strain changed slowly for a period of time, the
injection pressure was increased to the next point. The
outlet co mmunicated with atmosphere during water
injection. The radial strain and flux were recorded.

3 Results and discussion

3.1 Strain characteristics of coal during N, and
water injection

According to the above experimental steps, based on the
strain characteristics of coal during He, N, and water injec-
tion, the adsorption strain characteristics of samples during
N, and water injection could be obtained after the strain
directly caused by pore pressure was eliminated (Wang et al.
2011). The following radial strain of N, and water refers to
the adsorption strain. According to previous studies (Meng
and Li 2018), the volume strain and strain in parallel bed-
ding direction and vertical bedding direction have similar
variation characteristics, and the strain in vertical bedding
direction is higher than that in parallel bedding direction
in the process of gas adsorption. The samples used in this
paper were all drilled parallel to the bedding direction, and
the radial strain represents the strain in the vertical bedding
direction. Although the axial strain was not monitored, the
radial strain used in this paper is also representative, and
does not affect the analysis results.

As shown in Fig. 2, the radial strain and injection time
conforms to the Langmuir formula. The radial strain
induced by water is obviously higher than that induced by
N, in the low-pressure stage. With continuous injection, the
gap gradually decreases. The radial strain decreases with the
injection of water. The strain under 1 MPa is much higher
than that under subsequent injection pressure. Compared
with the radial strain of 5 h under each injection pressure,
the radial strain decreases from 0.026% of 1 MPa to 0.005%
of 3 MPa, and the radial strain reduces about 5 times. At
the end of N, injection experiment, the coal has not reached
gas saturation. However, the radial strain is basically stable
under 3 MPa. So overall, compared with the adsorption of
N, on coal surface, the rate of water adsorption on coal sur-
face is very fast, which is also related to the strong hydro-
philic ability of coal.
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Fig. 2 Radial strain versus time for N, and water injection. a 1 MPa; b 1.5 MPa; ¢ 2 MPa; d 2.5 MPa and e 3 MPa
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Fig.4 Cumulative radial strain versus injection pressure

In addition, in order to show that the variation charac-
teristics of strain during water injection are not caused by
accidental factors. Meanwhile, in order to verify whether
the variation characteristics of radial strain, axial strain
and volumetric strain are consistent during water injection.
The radial strain and axial strain were measured again by
strain gauge under the same confining pressure and axial
pressure (Fig. 3). The difference is that the injection pres-
sure increases from 0.5 MPa to 3.0 MPa at intervals of 0.5
MPa. Because the strain test methods (Fig. 2 was measured
by extensometer, and Fig. 3 was measured by strain gauge)
are different, they cannot be compared quantitatively. The
qualitative comparison was only carried out in this paper.

It can be seen from Fig. 3 that the radial strain, axial strain
and volumetric strain have similar variation characteristics
during water injection, and the variation characteristics
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Fig. 5 Radial strain rate versus injection pressure in the early phase
(within 4 h) of each injection pressure

of strain are consistent with the water injection in Fig. 2.
Namely, the strain changes rapidly at the initial stage of
injection. The injection time of 0.5 MPa is only about 20%
of the total injection time, but the strain accounts for more
than 70% of the total strain, and then gradually slows down
until stable (Fig. 3). It also shows that the adsorption rate of
water on coal surface is very fast in the early stage of injec-
tion, which is much higher than that in the later stage.

As reflected in Fig. 4, the variation of water adsorption
strain with injection pressure accords with Langmuir law.
The strain of coal adsorbed with N, is still in the linear
phase. Meanwhile, the radial strain of water injection is
significantly larger than that of N, injection, and the radial
strain of N, injection is significantly larger than that of He
injection. These show that the strain caused by the fluid
with different adsorption capacity is quite different. The
strain of the fluid with strong adsorption capacity is much
higher than that of the fluid with weak adsorption capacity.
Besides, when the confining pressure is constant, increasing
injection pressure is equivalent to increasing pore pressure,
that is, the radial strain of coal increases with increasing
pore pressure. It shows that pore pressure can promote the
adsorption strain of gas and water.

As presented in Fig. 5, the change of radial strain rate dur-
ing N, injection and water injection is completely different
in the early phase. The radial strain rate remains unchanged
during N, injection. However, it decreases during water
injection. The radial strain rate reduces by about 3 times
when the injection pressure from 1.0 MPa to 1.5 MPa. From
1.5 MPa to 2.5 MPa, it is relatively stable. From 2.5 MPa
to 3.0 MPa, it decreases by half. Meanwhile, according to
the water content of pumped before water passing through
the sample, the variation of water saturation at different

@ Springer



85 Page 6 of 11

X. Liu et al.

0.06

0.05¢

< <
= =
] s}

<
o
e

Cumulative radial strain (%)

0.00 ' ' - -
10 20 30 40 50 60

Water saturation (%)

Fig. 6 Cumulative radial strain versus water saturation (1 MPa injec-
tion pressure)

100 o)
80
S
g 60
=
£ 50
3
~ 40
L
<
=
20
@ Water injection
@ Natural water saturation under vacuum
0 1 L L
0 16 50 100 150 200

Time (h)

Fig. 7 Water saturation versus time under different water saturation
conditions

times could be obtained. The cumulative radial strain var-
ies linearly with water saturation (Fig. 6). Previous studies
also showed that the strain is positively correlated with the
adsorption volume (Fry et al. 2009). Therefore, at the begin-
ning of water injection, the water adsorption rate of coal is
very fast, and then it can be stable for a period. The radial
strain rate suddenly decreases from 2.5 MPa to 3.0 MPa,
which indicates that the sample is close to water saturation.
In addition, the radial strain rate of water injection is larger
than that of N, injection under 1 MPa, which indicates that
the water adsorption rate of coal is larger than that of N,
that is, the hydrophilic ability of coal is stronger than that of
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N,. When the coal was close to water saturation, it was not
saturated by N, until the end of the experiment, which also
reflects that coal has strong hydrophilic ability.

According to the above analysis, the strain characteristics
of water injection is quite different from that of N, injec-
tion. According to our previous research, there is an edge of
free adsorption in the early phase of gas injection (Liu et al.
2020). Does this phenomenon exist during water injection?
For the water adsorption features in the early phase, the
variation of water saturation under two conditions of water
injection (under different injection pressures) and non-pres-
surized vacuum was compared (Fig. 7).

As exhibited in Fig. 7, the water saturation of the coal
increases with time, and the variation rate gradually slows
down. When the water saturation is below 50%, the increase
rate of water saturation is very fast, which only took about
16 h. Moreover, the change trend of water saturation with
time is basically consistent under two conditions. The varia-
tion of water saturation with the pressure is not obvious.
Meanwhile, comparing the strain characteristics during
water injection in Figs. 2 and 3, it can be seen that although
the initial injection pressure (1 MPa in Fig. 2 and 2.5 MPa
in Fig. 3) is different, the variations of strain at the initial
injection pressure are consistent. This also shows that the
relationship between the water saturation and the injection
pressure is not obvious at the initial stage of water injec-
tion. It demonstrates that the edge of free adsorption exists
in the early phase of water saturation. For this coal sample,
this boundary is about half of water saturation. However,
in the following phase, the increase rate of water saturation
with time under injection pressure is significantly higher
than that under non-pressurized vacuum condition. Water
saturation from 50% to 100%, it took about 200 h for vac-
uum saturation without pressure. The results show that it is
difficult to complete the saturation only by the adsorption
capacity of coal in the later phase, and the injection pressure
can obviously promote the saturation rate of the coal in the
later phase.

Combined with our previous research (Liu et al. 2020),
it is shown that the edge of free adsorption exists for the
adsorption of gas and water. It is related to the saturation of
gas or water in coal. Within this boundary, the relationship
between the adsorption rate of coal for gas or water and pore
pressure is not obvious. On the contrary, when the saturation
of gas or water drops to this range, it is difficult to desorb by
simply reducing the pressure.

3.2 Characteristics of permeability variation during
gas injection and water injection

Permeability was measured according to flux and Darcy’s
law. As shown in Fig. 8, the permeability was obtained at
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Fig. 8 Permeability versus injection pressure during gas injection and
water injection

the end of each injection pressure. The variation trend of
permeability with injection pressure for gas and water is
completely different. The permeability varies linearly with
injection pressure during He and N, injection. However, the
permeability reduces first and then ascends with increasing
injection pressure during water injection. Before 2.5 MPa,
the permeability reduces with increasing injection pressure.
After that, the permeability ascends gradually. The main rea-
son is that the injection pressure increases the pore pressure,
and the pore pressure promotes the deformation of coal.
Meanwhile, the adsorption stress was generated (Zhou et al.
2021), squeezing the pores and fractures in the coal, result-
ing in the reduction of permeability. After that, the deforma-
tion of coal is not obvious when the sample is nearly water
saturation at 3 MPa. The positive effect of pore pressure on
water transport in pores and fractures has a dominant role.
Therefore, the permeability reduces first and then increases
during water injection. The pore pressure has a dominant
role in the enhancement of gas migration during He and N,
injection. The positive effect of pore pressure on permeabil-
ity is better than the negative effect of adsorption stress on
permeability. Therefore, the permeability always increases.
It is generally considered that He is an inert gas and does
not adsorb, while N, and water injection into coal can lead
to adsorption deformation, and then affect permeability.
Comparing the permeability variations of He, N, and water
injection (Fig. 8), it can be concluded that the N, permeabil-
ity varies more slowly with injection pressure than that of
He. The permeability of water even reduces with increasing
injection pressure. These aspects reveal that the adsorption
strain of coal inhibits the increase of permeability.
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Fig. 9 Permeability versus radial strain during gas injection and water
injection

Figure 9 shows the inhibition of coal strain on the increase
of permeability. The variation of permeability is obviously
different for He, N, and water injection. He permeability
varies exponentially with radial strain. N, permeability var-
ies linearly with radial strain. Because of the leading role
of pore pressure on gas migration, the permeability is still
increasing. Water permeability decreases first and then
increases with radial strain. Therefore, compared with N,
adsorption strain, the influence of adsorption strain during
water injection on permeability is more significant.

Besides, according to the experimental date (the basic
parameters of the samples are similar to those in this paper)
of Wang et al. (2011), the permeability of He increases with
the pore pressure under the confining pressure of 6 MPa,
while the permeability of CH, and CO, first reduces and
then ascends with increasing pore pressure for the sample
A (Fig. 10). By further analyzing the experimental date in
Fig. 10, the variation of permeability with pore pressure is
not completely consistent under the same confining pres-
sure for the sample A and sample B. Combined with the
experimental results of this paper, this is related to the
dominant role of pore pressure. The pore pressure promotes
the increase of permeability for non-adsorbable He and N,
with relatively weak adsorption capacity. For CH,, CO, and
water with relatively strong adsorption capacity, the adsorp-
tion strain caused by pore pressure may play a leading role
in the first. At this time, adsorption stress plays a leading
role in the compression of pores and fractures, which leads
to the reduction of permeability. With increasing pore pres-
sure, pore pressure has a dominant role in the enhancement
of gas migration, and the permeability begins to increase
gradually. However, why is the same gas (CH,, and CO,)
injected into two different samples (sample A and sample

@ Springer



85 Page 8 of 11

X. Liu et al.

1200 e
— 1000+ CH,
a
E 800} o
= Q——Q—O—"”/‘ ’
% 600}
E He T
I ox
E o 4
E 4l CO,
21 — Sample A
0 . . . . SlampleB
1 2 3 4 5 6

Pore pressure (MPa)

Fig. 10 Permeability versus pore pressure during gas injection with
different initial permeability (Wang et al. 2011)

25 7
¢ i 0 0 0° ‘6
@20- o: 5 ° 2
mg o 5 &
L % 1 o
1 (e
E 15+ : 14 z
3 l 2z
—g 10 Q : 073 E
) I 1 / 8
g \ : ° 2 g
o) 1 / &
> sl % ! o—9
o g1-o0—2 11
.9 Volume adsorbed
I 9@ Permeability
0 : : 1 . . : 0
0 1 2 3 4 5 6 7

Pore pressure (MPa)

Fig. 11 Adsorption volume of CH, and permeability versus pore pres-
sure (Harpalani and Schraufnagel 1990)

B) with different trends? After comparison, the initial per-
meability of the two samples is different, so it is speculated
that the dominant role of pore pressure is also affected by
the initial permeability of coal. For relatively high perme-
ability samples, pore pressure plays a leading role in pro-
moting fluid migration, and the influence of coal adsorption
strain on permeability is relatively weak. For relatively low
permeability samples, the influence of adsorption strain on
permeability is relatively strong. Therefore, in the initial
stage, the promoting effect of pore pressure on fluid migra-
tion may not be able to offset the compression of pores and
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fractures caused by the adsorption stress, which makes
the permeability gradually decrease. After the adsorption
tends to saturation, the promoting effect of pore pressure
on fluid migration begins to play a vital role, which makes
the permeability gradually increase. This explanation can
be verified by Fig. 11 (Harpalani and Schraufnagel 1990).
As displayed in Fig. 11, with increasing pore pressure, the
adsorption volume increases and the permeability reduces
rapidly in the early phase, which shows that the stress pro-
duced by adsorption strain plays a significant role at this
stage. After that, the permeability increases gradually when
the adsorption volume is close to saturation, which shows
that pore pressure plays a key role in promoting gas migra-
tion. These phenomena are consistent with the results of
water injection in this paper.

In a word, during the injection of fluid, the variation of
permeability is intimately related to the effect of pore pres-
sure. Pore pressure provides power for fluid migration.
Meanwhile, the increase of pore pressure also promotes
fluid adsorption, leading to coal deformation, thus prevent-
ing the improvement of permeability. This process is a game
between the two interactions, which is connected to the fluid
adsorption capacity and the initial permeability of coal.

Based on the above analysis, the variation of parameters
has both similarities and differences during N, injection and
water injection. The relationship of strain with time and
pressure is similar, and an edge of free adsorption exists
in the early phase. The strain rate during water injection is
larger than that of N,. The opposite trend was observed for
permeability. The permeability decreases in the early phase
and increases when the water content is close to saturation.
This is mainly due to the adsorption strain caused by pore
pressure in the early phase of water injection. However, the
pore pressure has an advantage in promoting gas produc-
tion during N, injection, which leads to a gradual increase in
permeability. Therefore, the influences of pore pressure on
coal permeability are different for different fluids and coal
with different initial permeability.

Figure 12 shows the effect of fluid adsorption capac-
ity and initial permeability on coal permeability. For non-
adsorbable fluids, there is no adsorption strain in coal. The
pore pressure plays an important role in promoting the fluid
migration for the coal with high permeability or low perme-
ability. The permeability increases with the increase of pore
pressure. For the fluid with relatively weak adsorption, the
pore pressure may play a leading role in promoting fluid
migration (Fig. 12¢c and e). Although it can cause adsorption
strain, the decrease of permeability caused by adsorption
strain is weaker than the increase of permeability caused
by pore pressure. Hence the permeability increases with the
increase of pore pressure. For strongly adsorbed fluid, if the
coal permeability is high enough, pore pressure still plays
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Fig. 12 Influence of initial permeability and fluid adsorption capacity on coal permeability. a Relatively high permeability; b Relatively low per-
meability; ¢ and e Weakly adsorbed fluid; d and f Strongly adsorbed fluid. Note: P is pore pressure

a crucial role in promoting fluid migration (Fig. 12d), and
the permeability increases with increasing pore pressure. If
the permeability is relatively low (Fig. 12¢), the adsorption
strain caused by pore pressure has a dominant role in the
early phase. The increase of permeability with increasing
pore pressure cannot offset the decrease of permeability
with the increase of adsorption strain. In the later stage, the
adsorption is close to saturation, and the adsorption strain
does not change with the increase of pore pressure. At this
time, the permeability reduction caused by adsorption strain
is weak, and the promotion effect of pore pressure on fluid
migration begins to play a key role, and the permeability
begins to increase. Therefore, the permeability may reduce
first and then ascend with increasing pore pressure.

4 Conclusions

(1) The strain characteristics of N, injection and water
injection are different. Although the strain variations
with time is in accord with Langmuir law, the adsorp-
tion strain of water is obviously higher than that of N,,
especially in the early phase of N, injection and water
injection. At the beginning of water injection, there is an
edge of free adsorption. Within this phase, the adsorp-
tion rate of coal is very high, and water saturation and
adsorption strain increase rapidly. This boundary is

@

about half of water saturation. The variation of water
adsorption rate with pore pressure is weak within this
scope, and then the water adsorption rate is controlled
by pore pressure.

The pore pressure has multiple effects, which can not
only promote the fluid migration, but also promote the
fluid adsorption. Pore pressure affects the variation of
coal permeability. For non-adsorption fluid, pore pres-
sure mainly promotes fluid migration, and the increase
of pore pressure can improve coal permeability. For
adsorptive fluid, pore pressure can not only promote
fluid migration, but also promote fluid adsorption. The
promotion of fluid migration can improve coal perme-
ability, while the promotion of fluid adsorption can
inhibit the increase of coal permeability. Moreover, the
impact of pore pressure on coal permeability is related
to fluid type and initial permeability of coal. When
the initial permeability is high enough, the pore pres-
sure may mainly promote the fluid migration. When
the initial permeability is relatively low, the effect of
pore pressure on fluid migration is also related to the
adsorption capacity of the fluid. When the adsorption
capacity of the fluid is weak, the promotion of pore
pressure on fluid migration may be dominant. When
the adsorption capacity of the fluid is strong, the pore
pressure may have a dominant role on the adsorption
strain. Finally, the variation of permeability is the result
of multiple effects. Therefore, the initial permeability of

@ Springer
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coal reservoir and fluid type should be considered in the
implementation of stimulation technology.
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