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Gas outburst has always affected the safety of coal mining. To eliminate this risk by high-efficiency extraction of coalbed
methane (CBM) in 4102 working face of number 3 coal seam in Hebi Number 3 coal mine, a model of CBM extraction in
working face was established which was considering the mining impact of adjacent 4101 working face. In this model, the
coupling relationships between stress, desorption, and migration of methane were analyzed. Moreover, we also studied the
changes of methane pressure, plastic failure scope, and permeability of coal during the mining and then verified the results
with the field data. And on this basis, a stimulation solution for methane extraction by injecting air into coal seam was
presented, and the extraction effect was simulated. The simulation results show that the injection of air decreases the effective
stress of coal which increases the permeability of coal and promotes the methane migration within the coal seam fractures.
Besides, affected by the velocity of gas migration, the pressure drop between fractures and matrix will reduce with time while
air injection can provide extra power for gas migration in fractures which causes the desorption and diffusion of methane in
the matrix. So this stimulation solution can enhance the efficiency of gas extraction of coal seam and prevent gas outburst of
the working face.

1. Introduction

China has abundant coal resources and mainly depends on
coal as energy [1]. Coalbed methane (CBM) is a companion
gas of coal, and it is also a kind of low-carbon energy.
According to the statistics of China Energy Bureau, the total
geological reserves of CBM are about 10 billion m3. In China,
there are many problems on the extraction of CBM, such as
slow methane pressure decreasing, rapid methane concentra-
tion reducing, and low permeability of coal seam. This makes
it difficult to use the low concentration methane effectively
which will be eventually discharged into the atmosphere.
Efficient extraction of CBM and reduction of coal and gas
outburst disasters have a profound impact on the simulta-
neous exploitation of coal and CBM [2].

Due to the advantages of easy construction, eliminating
gas outburst risks, the technologies of drilling holes along
and across coal seam are widely used in CBM extraction.
Many studies indicate that methane migration is influenced
by gas-solid coupling effect between mining pressure and
gas pressure of coal seam [3]. The deformation of coal
induced by mining pressure would change the pore volume
of matrix, which leads to the change of coal seam permeabil-
ity. To quantitatively analyze the influence of matrix shrink-
age and expansion on coal permeability, Liu et al. [4]
proposed a coupled model of permeability based on the gas
adsorption/desorption experiments and then analyzed the
effect of matrix shrinkage on permeability. Since then, many
scholars have done different researches on the coal seam per-
meability model with gas-solid coupling. Gilman and Beckie
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[5], Pillalamarry et al. [6], Chen [7], Sawyer et al. [8], and
Seidle and Huitt [9] established relevant theoretical models
of permeability based on different assumptions, respectively.

In the mining process, Huy et al. [10] considered that
with the increase of effective stress, the fracture opening
of coal seam decreases gradually and some microfractures
were completely closed, which made the permeability
decrease sharply. Liang [11] introduced the geological storage
conditions of Huainan mining area and studied the related
technology of CBM extraction and drainage boreholes. Shi
et al. [12] studied the relationship between loading rate and
borehole destruction and proposed that the layout of meth-
ane drainage boreholes should take into account the mining
pressure. Yin et al. [13] studied the methane extraction pro-
cess under the mining pressure of the adjacent working face.
The results show that the gas flow rate gradually decreases
with the increase of mining pressure. With the help of KSE
gas concentration recorder and SF6 gas conveyor, Wang
et al. [14] studied the gas-solid coupling phenomenon
between mining pressure and gas migration. The results
showed that the change of mining pressure is the key factor
of permeability change in the coal seam. Based on the
research background of Zhangji coal mine, Xue et al. [15]
analyzed the influence of different mining methods on the
permeability of coal seam.Wei et al. [16] also pointed out that
the coal permeability showed a u-shaped curve change in the
coal sample full stress-strain experiment.

In the previous studies, a series of theoretical models for
methane extraction have been put forward on the safety of
methane extraction. These models were applied to research
the gas-solid coupling phenomenon in the process of meth-
ane extraction. However, most of the studies focused on the
mechanism of gas migration and permeability change, and
the influence of dynamic mining pressure change on the
methane extraction in coal seam was seldom taken into
account. In this study, we established a dual-porosity and
dual-permeability methane drainage model with the peri-
odic effect of mining pressure of the near working face to
solve the specific problems in the methane drainage of
4102 working face in number 3 coal seam of Hebi Number
3 coal mine in China. The interaction relationship between
gas and coal seam under the influence of mining was stud-
ied, and the methane concentration and flow rate were
analyzed. On this basis, a solution to enhance the effi-
ciency of methane extraction by injecting air was put for-
ward. A simulation study was carried out to analyze the
permeability change of coal seam and the gas migration
rule after air injection.

2. Background of the Experimental Mine

2.1. Geological and Storage Conditions. Hebi Number 3
coal mine is located in Hebi City of Henan Province of
China. Many coal and gas outburst accidents occurred
since 1978. The geological conditions of number 3 coal
seam are shown in Figure 1(a), 4101 working face is the
first mining working face, and 4102 working face is pre-
pared for eliminating the danger of gas outburst before
mining. The burial depth of two working faces and the

average thickness of number 3 coal seam are 784m and
5.2m, respectively. And the methane content of number
3 coal seam is about 10.92–8.96m3/t. The methane pres-
sure measured in the field is between 1.58 and 2.36MPa.
Boreholes are drilled along the coal seam for methane
extraction with a diameter of 94mm, and negative extrac-
tion pressure is about 12–20 kPa.

2.2. Main Problems in Gas Extraction. In fact, in the
related study of mining pressure and methane emission,
it is considered that under the influence of abutment pres-
sure, due to the effect of “relieving pressure and increasing
permeability of coal” [17], it will accelerate the migration of
gas in the fracture. Finally, the amount of methane emission
will increase, which will help to eliminate the danger of gas
outburst. In view of the actual methane extraction of the
4102 working face, especially affected by the mining activities
of 4101 working face, the mining pressure value and position
of the 4102 working face are constantly changed. At this
point, it is necessary to further study the coupling effect
between the coal permeability change, free gas migration,
and adsorption deformation of 4102 working face.

As a gas outburst mine, Hebi Number 3 coal mine has
taken a series of measures to eliminate coal and gas outburst,
such as hydraulic fracturing and loose blasting of deep-hole
explosives. At the same time, according to the regulations
of coal mine safety, it is necessary to use the upward drilling
of the roadway excavated in the floor of coal seam to extract
methane technology [18]. But it is difficult to popularize
because the effect of penetration and extraction cannot meet
the requirement of mine safety production and the replace-
ment of working face. Therefore, we have to take a more
effective method to quickly reduce the methane pressure of
coal seam.

3. Dual-Porosity Model for Methane Migration

3.1. Model Assumptions. The permeability of coal seam is the
key influence factor for the methane extraction research.
Compared with conventional natural gas reservoirs, the
permeability of coal seam extracted by mines changes
between 0.1D and 0.001mD (1D=10−12 m2) [19], which is
completely different from the conventional natural gas
extraction. In general, coal seam is a dual-porosity media
containing matrix pores and fractures. Natural fractures of
coal seam can be divided into horizontal bedding fracture
and vertical cleat fracture. Methane is mainly stored in the
pores by adsorbing on the micropore surface accounting for
70–95% [20, 21] of the total reserves. Free methane mainly
migrates in coal seam fractures following the convection-
diffusion equation. In the matrix system, there are many phe-
nomena involved, but Fickian diffusion is the most dominant
in the porous structure of the coal matrix [22, 23]. The main
process of methane migration in the coal seam is shown in
Figure 2.

In the following, a set of field equations for coal deforma-
tion, gas flow, and transport are defined. These field equa-
tions are coupled through new porosity and permeability
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models for matrix and fractures. The derivations are based on
the following assumptions:

(1) Coal is a dual-poroelastic continuum.

(2) The influence of coal seammoisture on gas migration
is ignored.

(3) Methane contained in the pores is ideal gas, and its
viscosity is constant under isothermal conditions.

(4) The air injected in coal seam is ideal saturated gas,
and the adsorption effect of coal seam on air is
ignored.

3.2. Coal Deformation Equation. As shown in Figure 1, the
ideal simplified model of coal seam is composed by fractures
and matrices. The matrices are composed by many primary
pores. The deformation of this dual-porosity model can be
represented by a Navier-type equation [24]:

Gui +
G

1 − 2ν uk − αpmmix − βpfmix − K
εLPL

PL + Pm1
2 + Fi = 0,

1

where G, ν, and K are the shear modulus, Poisson’s ratio,
and bulk modulus of coal, respectively, α and β are the Biot
coefficients of matrix and fracture, εs is gas sorption strain,
and Pmmix and P fmix are the pore pressure in fractures and
matrix. The relationship of these parameters can be defined
as follows:

G = D
2 1 + ν

, D = 1
E
+ 1
a0 ⋅ K f

−1
,

α = 1 − K
Ks

,

β = 1 − K
a0 ⋅ K f

,

εs =
εLpm1

pm1 + PL
,

2

where E is the elastic modulus of coal, K f is the bulk modulus
of fracture, Ks is the bulk modulus of matrix, K f is the nor-
mal stiffness of fracture, Fi is the body force of element, usu-
ally is gravity, and εL and PL are the Langmuir adsorption
strain and pressure constants.

In (1), the first two terms represent the deformation of
representative element volume (REV) under the influence
of gas mixture pressure change and adsorption. The third
and fourth terms represent the deformation of methane pres-
sure in the matrix and fracture system, respectively. The fifth
term represents the volume deformation due to the adsorp-
tion effect of matrix on gas.

3.3. Methane Migration Equation. According to Masoudian
et al. [25], there are two types of coalbed methane reservoir
models that may be used for methane flow in coal. The most
primitive type is the diffusion which is assumed to be instan-
taneous, but this cannot fully describe the methane flow

processes in coal seams. The second type, which is the most
widely used for coalbed methane simulations, assumes coal
is modeled with a dual-porosity system comprised of frac-
tures and is microporous. Based on the methane migration
speed, the model includes the Darcy convection equation
for gas transfer in the fracture and Fick equation for gas dif-
fusion in the matrix. The equation of gas mass transfers
between them can be expressed as follows [26]:

∂Mn

∂t
+ ∇ vn ⋅ ρn − ∇ Dn ⋅ ∇Mn =Qs, 3

where M is the mass of gas in coal seam; the subscript “n”
(n = 1, 2) represents methane and air; νn is the transfer
velocity of gas in fracture; Dn is the diffusion coefficient of
component gases; ρn is the gas density; t is the time; and
Qs is the term of gas source, usually regarded as the gas ini-
tial pressure.

Methane is mainly stored in matrix pores in adsorbed
and free states. By ignoring the influence of matrix on the
air, the mass of methane and air in matrix can be expressed
as follows at any time [27]:

Mm1 = ρm1ϕm + ρgaρc
VLpm1
pm1 + PL

,

Mm2 = ρm2ϕm

4

Methane and air are mainly transferred in the fractures of
coal, and the mass of mixed gas in the fractures can be
expressed as follows at any time:

M fn = ρgnϕf , 5

whereMm1 is the mass (kg/m3) of gas. The subscripts of “m”
and “f” indicate the matrix and fracture, respectively; ρga is
the gas density at standard atmospheric pressure (kg/m3);
ρc is the density of coal (kg/m

3); PL is the Langmuir adsorp-
tion pressure constant (MPa); VL is the Langmuir adsorption
volume constant (m3/t); ϕm is the matrix porosity (%); ρmn is
the density of gas in the matrix, ρmn =mnPmn/RT ; ρfn is the
density of gas in the fracture, ρfn =mnP fn/RT .

In regard to the term of gas migration in (4), the convec-
tion velocity of any gas can be expressed as follows (ignoring
the effect of gravity):

v fn =
kf
u
∇pfmix,

vmn =
km
u
∇pmmix,

6

where kf and km are the fracture permeability and matrix
permeability, respectively; u is the dynamic viscosity of gas
mixture; and ∇pf and ∇pm are the pressure difference of
gas flow in the fracture and matrix. Substituting (4), (5),
and (6) into (3), the gas mixture flow control equation can
be obtained.
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ϕm + ρcpga
VLPL

pm1 + PL
2

∂pm1
∂t

+ pm1
∂ϕm
∂t

= ∇ pmmix
km
u
∇pmmix + ∇ D1ϕm∇m1

− ω pmmix − pfmix ,

7

ϕf
∂pf1
∂t

+ pf1
∂ϕf
∂t

− ∇ pfmix
kf
u
∇pfmix − ∇ D1ϕf∇m1

= ω pmmix − pfmix ,
8

ϕm
∂pm2
∂t

+ pm2
∂ϕm
∂t

− ∇ pmmix
km
u
∇pmmix − ∇ D2ϕm∇m2

= −ω pmmix − pfmix ,
9

ϕf
∂pf2
∂t

+ pf2
∂ϕf
∂t

− ∇ pfmix
kf
u
∇pfmix − ∇ D2ϕf∇m2

= ω pmmix − pfmix ,
10

where ω = 8 1 + 2/a02 km/μ is the exchange coefficient
between matrix and fracture [28] and a0 is the initial frac-
ture width.

3.4. Dynamic Permeability Model of Coal Seam. For CBM
extraction, the effective stress change and methane desorp-
tion cause deformation of the coal; Palmer and Mansoori,
Shi and Durucan [29], and Cui and Bustin [30] had pro-
posed a dynamic variation model of permeability based
on different assumptions. On the basis of summarizing
the development and application of coalbed methane, Pan
and Connell [31] analyzed the existing reservoir permeabil-
ity model and analyzed that the change of permeability is
an important physical parameter for evaluating the extrac-
tion of coalbed methane. Mohsen et al. [32] also pointed
out that the permeability model under vertical stress
change should be considered and needs to find a balance
between the complexity of the permeability model and
the accuracy of the field permeability data. In this study,
we use the dynamic permeability variation model proposed
by Wu et al. [33] to study the CBM extraction under the
mining pressure. However, unlike Wu’s model, the cou-
pling effect of gas mixture pressure and different cycle min-
ing pressures on gas migration was studied in this paper.
The equation of coal seam matrix permeability can be
expressed as

ϕm = α + ϕm0 − α exp 1
K

1
K

+ b0
a0K f

−1
εV − εV0 − εS + εS0 ,

11

where ϕm is the real-time porosity of the matrix and the
subscript “0” indicates the initial state; εV = ε11 + ε22 + ε33

indicates the deformation of the representative element vol-
ume; and εS = εLpm1/ pm1 + PL is the gas adsorption strain
in pores.

In the same way as above, the porosity of coal seam frac-
ture system can be expressed as

ϕf
ϕf0

= 1 + 1
K f

1
K

+ b0
a0K f

−1
εV − εV0 − εS + εS0 12

During the methane extraction, with the continuous
decrease of gas pressure, the pore volume of matrix changes
continuously with time. The equation for porosity change
within the matrix over time can be written as

∂ϕm
∂t

= ϕm − α exp 1
K

1
K

+ b0
a0K f

−1 ∂εV
∂t

−
∂εS
∂t

,

13

∂ϕf
∂t

= ϕf0
K f

1
K

+ b0
a0K f

−1 ∂εV
∂t

−
∂εS
∂t

14

The permeability and porosity of coal seam matrix and
fracture can be expressed in the cubic formula:

kf
kf0

= ϕf
ϕf0

3

= 1 + 1
K f

1
K

+ b0
a0K f

−1
εV − εV0 − εS + εS0

3

,

km
km0

= ϕm
ϕm0

3

= 1 − α

Kϕm0

1
K

+ b0
a0K f

−1
εV − εV0 − εS + εS0

3

,

15

where kf0 and km0 are the initial permeability of the fracture
and matrix (in m2).

3.5. Coupled Field Equations. By substituting (13) and
(14) into (7), (8), (9), and (10) of gas flow, respectively,
the final equation of gas flow control equations can be
expressed as

ϕm + 1 − ϕm0
ρcpgaPLVL

pm1 + PL
2 −

αK f
b0/a0 K + K f

PLεLpm1
pm1 + PL

2
∂pm
∂t

= ∇
km
u
pmmix∇pmmix + ∇ ϕmD1∇pmmix

+ 8 1 + 2
a02

km
μ

pf1 − pm1 −
αK f

b0/a0 K + K f
pm1

∂εv
∂t

,

16
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ϕf
∂pf1
∂t

− ∇
kf
u
pfmix∇pf − ∇ ϕfD1∇pfmix

= −8 1 + 2
a02

km
μ

pf1 − pm1

· − 3ϕf0pf1
ϕf0 + 3K f /K

·
∂εv
∂t

−
εLPL

pm1 + PL
2

∂pm1
∂t

,

17

ϕm
∂pm2
∂t

− ∇
km
u
pmmix∇pmmix − ∇ ϕmD2∇pmmix

= 8 1 + 2
a02

km
μ

pf2 − pm2 + pm2

· α

K
1

1/K f + b0/a0K

·
PLεL

pm1 + PL
2

∂pm1
∂t

−
∂εV
∂t

,

18

ϕf
∂pf2
∂t

− ∇
kf
u
pfmix∇pfmix − ∇ ϕfD2∇pfmix

= −8 1 + 2
a02

km
μ

pf2 − pm2 −
pf2ϕf0
K f

· 1
K

+ b0
a0K f

−1 ∂εV
∂t

−
PLεL

pm1 + PL
2

∂pm1
∂t

19
Equations (16), (17), (18), and (19) describe the flow of

mixed gas within fracture of coal seam under mining pres-
sure. In (16), the first term ∂pm/∂t at the left is composed
of three subterms sequentially including (I) pressure varia-
tion of free gas in matrix pores; (II) deformation of the matrix
caused by gas desorption; and (III) deformation of fracture
volume. The third and fourth terms on the right of the equa-
tion indicate the exchange of free gas between the fracture
and matrix, methane released by the deformation of coal.
The first term on the left of (17) represents the pressure var-
iation of methane in the fracture. The second term on the
right of the equation contains two subterms, that is, the effect
of coal seam volume deformation on gas and the effect of
methane desorption strain. The physical meanings of (18)
and (19) are the same as those of (16) and (17). The above
coupling control equations contain the terms of time and
space derivation, which need to be solved by Comsol Multi-
physics. The interaction between the physical fields is shown
in Figure 3.

4. Gas Migration Characteristics under the
Mining Pressure

4.1. Numerical Model and Input Parameters. The model is
established based on a section of 4102 working face of num-
ber 3 coal seam with dimensions of 40m (length)× 5m
(height). Negative-pressure drainage boreholes were drilled
in advance and arranged in the horizontal center of number

3 coal seam. The diameter of boreholes is 100mm, and the
horizontal spacing is 3m. The numerical model of the 4102
working face is shown in Figure 4 and the input parameters
in Tables 1 and 2 as required. In this part, we only simulated
the methane extraction under mining pressure.

As the advancing of 4101 working face, the mining pres-
sure applied in 4102 working face would change as shown in
Figure 5. In order to present the mining pressure, the pres-
sure applied on the top of model can be divided into three
iteration cycles. When the 4101 working face advanced by
10meters totally, the mining pressure boundary was set again
and the advance repeated in sequence until the end of the
methane extraction. The initial pressure of methane in the
coal (fracture and matrix) was set to 2MPa, and the air pres-
sure was set to 0MPa. The migration of methane into the
boreholes was only considered. Three points of A, B, and C
of the model were selected as the data source for postproces-
sing with coordinates of (0.2, 2.5), (22.5, 2.5), and (39.8, 2.5).

4.2. Simulation Results. Under the influence of the mining in
the 4101 working face, the initial stress equilibrium state of
the coal seam is broken, and the different stress distribution
regions are formed along the direction of the coal seam,
which further affected the permeability of the coal seam. In
the vicinity of gas drainage holes, there were three zones, that
is, plastic failure zone, stress concentration zone, and original
rock stress zone [34]. The permeability variations at the plas-
tic failure zone and data points around the boreholes on both
sides of the model are shown in Figure 6.

As shown in Figure 6(a), the permeability in the abut-
ment pressure zone (right side of the model) was significantly
lower than that in the original rock stress zone. During the
whole extraction time, the variation of permeability was
affected by the effective stress (Fy − P fmix) and the strain of
methane desorption. The permeability of coal seam (K f )
depends on the competition between them. In the early stage
of extraction, the effective stress near the abutment pressure
zone was obviously higher than the original rock stress zone,
so the permeability was lower than that of other zones
inhibiting the gas migration. With the increase in extraction
time, the gas in adsorbed state was desorbed gradually, result-
ing in matrix shrinkage and gradual increase in the perme-
ability. At the end of extraction, the permeability of coal
seam in the original rock stress zone changed by about 5%
(0.8–1.2). In the vicinity of the drainage boreholes, the dril-
ling and excavation improved the expansion and extension
of the original fractures leading to a sharp increase in the
gas permeability of the coal seam. The permeability of the
coal seam was significantly higher than the external perme-
ability, and the fracture permeability increased by 5 times
(0.8–4). The fractures in plastic failure zone became the dom-
inant factor of permeability.

Figure 7 shows the methane pressure distribution at dif-
ferent extraction times. The gas migration during the extrac-
tion represented a typical gas-solid coupling. In the effect of
extraction negative pressure, the gas pressure showed an
exponentially decreasing trend. The trend line of methane
pressure at point C went down significantly faster than that
in the matrix. The decrease rate of gas pressure at point C
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Figure 4: Numerical model of methane extraction in 4102 working face.

Table 1: Numerical model physical parameters.

Parameter Value Parameter Value

Coal elastic modulus E (MPa) 2813 Adsorption pressure constant PL (MPa) 2.07

Matrix elastic modulus Es (MPa) 8439 Adsorption volume constant VL (m
3/kg) 0.0256

Poisson’s ratio ν 0.34 Adsorption pressure strain εL 0.015

Coal density ρc (kg/m
3) 1250 Initial matrix porosity. φm0 0.05

Air density (kg/m3) 0.717 Initial matrix permeability km0 2.8·10−18

Facture stiffness K f (MPa) 4800 Methane diffusion rate Dn (m
2) 3.6·10−12

Dynamic viscosity u (Pa·s) 1.84·10−5 Initial fracture porosity φf0 0.002

Bulk modulus K (MPa) 5400 Initial fracture permeability kf0 2.08·10−17

Matrix width a0 (m) 5·10−6 Initial temperature T (K) 300

Frack width b0 (m) 0.005 Air diffusion rate Dn (m
2) 5.8·10−12

7Geofluids



was significantly slower than that at point B as the effective
pressure of the coal seam was higher and the opening of
the original fractures was smaller in the abutment pressure
zone. The methane pressure difference (Pm − P f ) signifi-
cantly increased at the early stage of the extraction (10 days
ago) as there was pressure difference of gas transferred
between the matrix and fracture. At the late stage of the
extraction, the gas pressure difference gradually decreased
until it was zero.

4.3. Comparisons with Field Data. The field data of methane
pressure at number 1 and number 3 drainage boreholes were
collected as shown in Figure 1. The methane pressure data
obtained from the model were compared with the field data
as shown in Figure 8. In the figure, although the methane
pressure showed an overall decreasing trend, its downward
trend was affected by the geological and storage conditions
of the coal seam and the negative pressure of the drainage
drilled holes resulting in fluctuations in pressure. The meth-
ane extraction numerical model was established with ideal
conditions, ignoring the ash content and moisture in coal
seam or other geological factors. Although their data were

different, their curves showed the same change trend. This
model can be used to predict and evaluate the long-term
effect of borehole gas extraction.

5. Enhanced Gas Extraction Test by
Injection Air

5.1. Air Injection Parameters. To eliminate gas outburst risks
and reduce methane pressure as soon as possible, by injecting
air into the existing boreholes of the 4102 working face, the
gas migration was improved in the coal seam to increase
the methane extraction effect. Figure 9 shows the injection
boundary conditions and drilled boreholes in the model.
The deformation field of the coal seam was established with
the same settings as that of Section 4.1. The calculation
parameters required by the model were the same as those
in Table 1, and the air transport equation is shown in Table 3.

5.2. Gas Pressure Distribution. Figure 10 shows the effect of
injection air pressure on methane pressure drop. The dotted
line in the figure shows the change of methane pressure
without air injection, and the solid line shows the change

Table 2: Numerical model boundary conditions.

Coal seam deformation Value Methane migration Value

Upper boundary (MPa) 14 transition to 21

Pressure of methane extraction borehole (kPa) 20Lower boundary Fixed boundary

Left boundary
Roller support

Right boundary
Methane pressure (MPa) 2

Borehole boundary Free deformation

Initial displacement 0 Others (MPa) 0

Air inflow roadway

Return air roadway
4101

working face

Mining

direction

4102
working face

No. 3

coal seam
Forward
direction

Initial ground stress

Abutment pressure

Methane
drainage boreholes

Coal seam floor

Figure 5: 4102 preparation work face.
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Figure 6: Different calculation steps, permeability, and plastic zone distribution.
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of methane pressure under different injected air pressures.
When there was no air injected into the coal seam, the
methane pressure at point C decreased to the safety pres-
sure of 0.75MPa, which took about 12 days. When the

air pressure was increased to 1MPa, the methane pressure
decreased to 0.75MPa, which only took about 8 days.
The injection of air could significantly reduce the meth-
ane pressure.

Methane pressure changes over time Methane pressure changes over time2
2

1.5

1

0.5

0

−0.2

0.33
0.3

0.05

0.02

0.25

0.2

0.15

0.1
Time = 0 day Time = 40 day

Point B fracture methane
Point CB fracture methane
Point C matrix methane

Pm − Pf

−12
−10

−8
−6
−4
−2

0
2
4
6
8

10
12
14
16

M
od

el
 v

er
tic

al
 d

ire
ct

io
n 

le
ng

th
 (m

)

−12
−10

−8
−6
−4
−2

0
2
4
6
8

10
12
14
16

M
od

el
 v

er
tic

al
 d

ire
ct

io
n 

le
ng

th
 (m

)

0.00

0.25

0.50

0.75

1.00

1.50

1.50

1.75

2.00

M
et

ha
ne

 p
re

ss
ur

e (
M

Pa
)

0.0

0.2

0.4

0.6

0.8

1.0

P
m

 −
 P

f (
M

Pa
)

4 363216 2824 400 128 20
Time (day)

8020 5040 90 100703010 600
Time (day)

10 15 20 25 30 355
Model horizontal direction length (m)

10 15 20 25 30 355
Model horizontal direction length (m)

Figure 7: Coal seam methane pressure changes with time.
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Figure 8: Comparison of field methane pressure and numerical model results.
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5.3. Evaluation of Coal Seam Permeability. Figure 11 shows
the change trend of fracture permeability of coal seam at
points B and C. During the whole extraction period, the per-
meability at the two points showed an increasing trend.
When the air pressure in the fracture continued to increase,
the effective stress of the coal seam continuously decreased,
so the permeability at point B in the initial stage of injection
was significantly higher than that at point C without injec-
tion. After 30 days of air injection, the air pressure in the
model reached an equilibrium; the coal seam permeability
at points B and C increased by 10% and 8%, respectively,
compared to that in the initial stage of the extraction.

5.4. Gas Flow Characters in Fracture. Figure 12 shows the
variation of methane concentration. In the figure, the solid
black line represents the methane concentration which
decreased slowly when there was no air injection and showed
an approximately linear decreasing trend in the extraction.
After 15 days of extraction, the concentration only decreased
by about 23%. The methane concentration decreased by 50%
and 80%, respectively, compared with that under the air
injection pressure of 0.6MPa and 1MPa in the condition that
the extraction time was the same. By comparing the drop
curve of methane pressure at point B in Figure 10, the meth-
ane pressure decreased to less than half of the initial value.

Figure 13 shows the variation of air concentration at
point B and the change curves of methane flow rate under dif-
ferent air pressures. Figure 13(b) shows that themethane flow
rate was significantly affected by the air pressure, that is, the
higher the air pressure, the faster the methane flow rate at
point B decreased. This was because the increasing of air
pressure provided an additional power for methane to
migrate in the fracture. Meanwhile, the fracture permeability
was affected by the deformation of adsorbed methane desorp-
tion and the volume deformation of the coal. The desorption
of methane caused continuous shrinkage of matrix eventually

40 m

x

y5 m

Point 1~3: A, B, C

BA C

Original
rock stress zone The first iteration cycle Fy

Methane extraction borehole number: 1~13

The diameter of the borehole,
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Methane extraction
borehole

Methane extraction
pressure: 20 kPa

Injection
borehole Injection pressure: 1 MPa

Abutment pressure zone

Coal seam has not yet been extracted

The third iteration cycle Fy

Figure 9: Setting of numerical model for methane extraction under air injection.

Table 3: Air migration equation setting.

Air migration Value
Injection

borehole position
Value

Initial pressure (MPa) 0 Extraction
borehole number

1, 3, 5,
7, 9, 11Injection pressure (MPa) 0.3, 0.6, 1

Borehole boundary
Free

deformation Air injection
borehole number
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8, 10

Initial displacement 0

Point C 1 MPa air
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Figure 10: Methane pressure changes with time during air injection.
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Figure 11: Coal seam permeability change under air injection.
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improving the permeability by 10% (Figure 11). The addi-
tional air pressure and permeability improvement accelerated
the flow of methane in the fracture.

6. Conclusions

To study the impact of mining pressure on the methane
extraction in coal, a dual-porosity and dual-permeability
model was established with gas seepage, effective stress, and
adsorption deformation. The gas-solid coupling between
methane migration and borehole damage under the influence
of abutment mining pressure was studied. On this basis, a
stimulation treatment for methane extraction by injecting
air was presented. Based on this study, the following conclu-
sions can be obtained:

(1) When the boreholes are affected by the abutment
mining pressure, the plastic failure zone around
the boreholes increases the permeability of the coal
and promotes the methane pressure drops rapidly,
eliminating the danger of gas outbursts. On the
contrary, radial extension along the boreholes, espe-
cially in the abutment pressure zone, with the
increase of effective stress, not only the permeabil-
ity decreases continuously but also limits the meth-
ane migration within the fracture. In the original
rock stress zone, the change trend of coal perme-
ability is between plastic failure zone and abutment
pressure zone.

(2) The simulation results show that the methane in the
fracture first flows into the drainage boreholes, then
the methane in the matrix gradually diffuses. This is
the reason why the methane pressure within coal is
not on average always decreasing. Compared with
the field data, the correctness of the methane drain-
age model under the abutment pressure near the
working face was verified.

(3) When air is injected into the coal, it first flows into
the fractures and then reduces the effective stress of
the coal, caused the fracture opening to increase con-
tinuously, and finally improves the permeability of
coal. Extra air provides a new source of power for
gas flow and promotes the flow of gas into the bore-
holes at the same time. This is the reason why the
methane pressure within the fracture is always
decreasing.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.
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