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In order to study the coupling law of mining and gas migration in close coal seams in fault structure area, taking the coal mining
face in Guizhou as the research background, the development of mining fracture field and gas migration law of No. 5 coal seam
and No. 9 coal seam were studied. Based on the development of mining-induced fracture field in coal seam, the fracture
distribution was binarized and quantitatively analyzed by using fractal dimension, and the gas migration law of mining-
induced fractures in No. 5 coal seam and No. 9 coal seam was simulated and studied. The results show that under the
condition of U-shaped ventilation, the gas accumulates seriously in the upper corner of the mining fracture field, and the gas
generally floats and accumulates to the separated layer development area of the overlying strata. Due to the existence of faults,
even if the mining-induced fracture field in goaf of No. 9 coal seam is within the mining-induced pressure relief range of No. 5
coal seam, the gas concentration in the mining-induced fracture field is still high, and the variation gradient of gas
concentration is large. The gas will circulate actively and accumulate easily near the fault structure, and the gas concentration
at the high level of the fault is slightly higher than that at the low level. The research results can provide some reference for the
mining of close coal seams in the fault structure area, the comprehensive prevention and control of gas, and the safe and
efficient production of coal mines.

1. Introduction

China is rich in coal resources. The proportion of coal in
China’s primary energy consumption structure will remain
at about 50% in 2050. Therefore, coal is still the most impor-
tant energy resource in China for a long time [1]. However,
after coal forming in coal-bearing strata in China, under sev-
eral severe geological tectonic movements, coal and rock
strata continue to suffer compression, shear, and other dam-
age, resulting in complex geological structures in many coal-
fields in China and many fault structures [2, 3]. Faults
destroy the continuity of coal seams, which is an important
factor causing frequent accidents in coal mines. In particu-
lar, the occurrence of coal and gas outburst accidents is
closely related to fault structures [4–7]. According to rele-
vant statistical data, most of the prominent accidents in

Pingdingshan mining area, Jiaozuo mining area, and Huai-
nan mining area in China are related to fault-based struc-
tures [6–11]. 134 coal and gas outburst accidents occurred
in the eastern mining area of Pingdingshan; most of them
occurred in the vicinity of fault structural belt, especially
the small fault which has obvious influence on gas outburst
accidents, and tectonic coal widely developed in the outburst
area [6]; Daping coal mine gas accident occurred near the
reverse fault, and outburst accident caused 1894 tons of coal
into the working face, resulting in 148 deaths [7]. Production
practice also shows that the average intensity and frequency
of outburst accidents in areas with fault geological structure
are far greater than those in areas without fault structure
[11]. It can be seen that the fault area is an important area
of coal mine disasters, and the existence of faults seriously
threatens the safe mining of coal seams.
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Microfractures in the coal seam reservoir and the macro-
fractures caused by geological evolution lead to gas and
water seepage and leakage in the reservoir [12]. Coal seam
will produce a large number of joints and cracks in the min-
ing process. Mining cracks are the main channel of gas
migration. Finding out the migration law of gas undermin-
ing conditions is conducive to putting forward targeted gas
prevention measures. Zhu et al. [13] believe that the exis-
tence of faults will significantly affect the characteristics of
gas migration, and different fault types can play a role in
sealing or diversion of gas migration. Bradley [14] studied
the role of normal faults in gas flow by using the seismic
reflection data in the southern Taranaki Basin, New Zealand.
Many scholars have also conducted a lot of research on the
gas migration law undermining conditions. Li et al. [15,
16] used Kozery theory to study the correlation between
rock expansion coefficient and permeability, defined the goaf
as the seepage of heterogeneous variable permeability coeffi-
cient, and obtained the gas diffusion equation in goaf. On
the basis of analyzing the characteristics of goaf, Liu et al.
[17] proposed the control equations reflecting the character-
istics of gas migration in fully mechanized mining face. The
Boltzmann method (LBM) was used to simulate the gas
migration in goaf of fully mechanized caving face, and the
gas migration was intuitively simulated and analyzed. Liu
et al. [18] constructed the seepage model of goaf by combin-
ing seepage theory, mechanical theory, and numerical simu-
lation and obtained the distribution law of gas concentration
and seepage field in goaf. Starting from the relevant physical
principles, Zhao et al. [19] analyzed the effects of medium
deformation, two-phase flow, and mass/gas transfer on the
transport process of methane gas in porous media. Li et al.
[20, 21] studied the stress distribution characteristics of coal
seam floor and the variation law of pressure relief gas seep-
age velocity during working face advancing through experi-
ments and proposed that the “elliptical throwing zone” was
used to characterize the fracture development morphology
of mining rock. At the same time, the “pressure relief gas
seepage-floating-diffusion model” based on “elliptical throw-
ing zone” was established to describe the pressure relief gas
migration law of mining rock. Zhu et al. [22] based on the
physical coupling process of coal and rock deformation
and pressure relief gas migration introduced the coupling
variables in the control equation of coal and rock seepage
field and gas seepage field and established a new solid-gas
coupling mathematical model of coal mining rock deforma-
tion and pressure relief gas flow coupling, which laid a the-
oretical foundation for the numerical calculation of coal
mining rock deformation and gas migration law in outburst
coal seam group. Gao et al. [23] used FLAC3D to study the
stress of stope and crack propagation according to the stress
state of coal body in front of the work and simulated and
analyzed the gas migration law under the influence of min-
ing through the self-established solid-gas coupling constitu-
tive model considering gas pressure and gas adsorption.
Yang et al. and Cheng et al. [24, 25] studied the fracture
development characteristics of overlying strata under the
influence of mining and simulated and analyzed the gas
migration law in the fracture area. In [26] in view of the

technical problems of safe mining caused by high gas and
low permeability of coal seams in mining areas in China,
based on the theory of pressure relief gas drainage, the pres-
sure relief gas drainage technology and coal and gas comin-
ing technology system were established. Cao et al. [27]
studied the extraction of fractured gas based on the simula-
tion analysis of gas migration in mining fractures, which
provided an effective reference for gas control in the field.

Guizhou Province in China is located in the transition
zone of the Yangtze block, Jiangnan and Youjiang orogenic
belt. Due to the long-term collision and compression of the
surrounding geological plates, the structure is complex, and
different combinations of folds, faults, and ductile shear
zones are developed [28]. The strong tectonic deformation
makes Guizhou form its own unique mountainous terrain
and geomorphology conditions. Fault, high gas, close coal
seam group, and low permeability are the common charac-
teristics of coal seam mining in Guizhou. Most of the mining
areas in Guizhou are mountainous terrain, with developed
fault structures and complex geological conditions. Most of
the coal mines are coal and gas outburst mines, and gas con-
trol is difficult and accidents occur frequently. Gas occur-
rence and migration law is the basis of gas disaster
prevention and control. Under the condition of fault influ-
ence and close outburst coal seam mining, the gas migration
law of mining fracture field is more complex, and the gas
dynamic disaster under fault structure poses a serious threat
to the safe mining of Guizhou mines. Therefore, in view of
the complex geological conditions of multifault structures
and most of them are close coal seams in Guizhou coalfield,
it is of great significance to carry out the research on the gas
migration law of mining-induced coal seams under the
influence of faults, which not only plays an important role
in exploring the disaster-causing mechanism of gas dynamic
disasters under fault structures but also has great signifi-
cance for the coal seam mining near faults, gas prevention
and control, and safe and efficient production of coal mines.
The research results can provide reference for safe mining
and gas comprehensive prevention of close coal seams in
fault area.

2. Development Law of Mining Fracture
Field under Normal Fault Condition

2.1. Project Profile. A mine in Guizhou is located in Shui-
cheng mining area with developed faults and folds. The geo-
logical structure of the mine is complex, mainly in normal
faults, and the gas emission is large, which is a high-gas
mine. No. 5 coal seam is located in the upper part of No. 9
coal seam about 40m, and No. 5 coal seam has been mined;
there is no fault development in the mining process, and No.
9 coal seam is being mined. The coal seam comprehensive
histogram is shown in Figure 1. The No. 9 coal seam is
mainly mined in 210911 working face. The dip angle of
No. 9 coal seam is 20~24°, generally 20°, and the thickness
of coal seam is 1.15~1.75m. It contains one to two layers
of gangue, which is a complex structure coal seam. Coal
seam original gas content 8.462m3/t, gas pressure1.4MPa,
belongs to coal and gas outburst coal seam. According to
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the data of 211209 coal mining face, there is a normal fault
with a dip angle of 60°, and the fault drop is about 1.5m.

2.2. Establishment of Numerical Model. Based on the actual
situation of 210911 working face in a mine in Guizhou, the
size of the numerical model is designed to be 300m × 200
m (length × width). In order to eliminate the boundary
effect, 50m protective coal pillars are set on the left and right
sides of the model, respectively. The model scheme is shown
in Figure 2. The simulation excavation of No. 5 and No. 9
two layers of coal is carried out. First, the No. 5 coal seam
is excavated, and then, the No. 9 coal seam is excavated.
Based on the actual situation in the field, the mining direc-
tions of the two layers of coal are from left to right. The
No. 9 coal seam is directly mined through the normal fault
layer by the upper panel of the coal mining work. Each coal
seam is excavated for 10 steps, 20m each time. The estab-
lishment of numerical model and unit block division are
shown in Figure 3.

The Mohr-Coulomb elastic-plastic model is used for the
constitutive model of coal and rock mass, and the joint sur-

face contact Coulomb slip model is used for each block. The
bottom boundary of the model is set as the displacement
boundary that limits the vertical displacement, the left and
right boundary is set as the displacement boundary that
limits the horizontal displacement, and the upper boundary
is the free boundary. Considering the actual burial depth of
No. 5 coal seam and the integration of some rock strata in
the process of model establishment, uniform load is applied
to the uppermost part of the model.

2.3. Analysis of Simulation Results

2.3.1. Simulation Excavation Process Analysis of No. 5 Coal
Seam. When No. 5 coal seam is excavated 20m, 40m,
60m, 80m, 100m, 120m, 140m, 160m, 180m, and 200m,
respectively, the distribution of mining-induced fractures is
shown in Figure 4.

It can be seen from Figures 4(a)–4(j) that although the
excavation of No. 5 coal seam will cause compression on
the fault at the underlying position, the fault is generally
located in the pressure relief area of the underlying strata
after the excavation of No. 5 coal seam. It can be seen from
the fracture distribution diagram in Figure 4 that although
there are some small fractures at the fault, the fault does
not slip and dislocate, and the mining of No. 5 coal seam
has little effect on the fault. Due to the existence of faults
in the underlying position, the stress in the pressure relief
zone near the fault after mining in the underlying strata of
No. 5 coal seam will appear singular distribution, which
greatly affects the distribution law of fracture development
in the region. The fractures are relatively developed near
the upper plate of the fault, and the fracture development
in the lower plate of the fault is not obvious. The fractures
near the upper wall of the fault are mainly horizontal frac-
tures, which is not conducive to the migration of gas to the
goaf of No. 5 coal seam and is easy to form gas enrichment
in the region. Therefore, when No. 9 coal seam advances to
the region, it is necessary to strengthen the prevention and
control of gas disasters.

2.3.2. Simulation Excavation Process Analysis of No. 9 Coal
Seam. The distribution of mining-induced fractures in No.
9 coal seam is shown in Figure 5 when excavating 20m,
40m, 60m, 80m, 100m, 120m, 140m, 160m, 180m, and
200m, respectively.

From Figures 5(a)–5(j), it can be seen that the mining of
No. 9 coal seam will produce a large number of new mining
fractures, and with the continuous progress of No. 9 coal
seam mining, the fracture again experienced the develop-
ment process of development-expansion-compaction. Before
passing through the fault, the fault is less affected by mining,
and the mining cracks are relatively sparse. The cracks are
mainly concentrated in the coal strata of the upper wall of
the fault, and there is a certain amount of microthrough
cracks in the lower wall of the fault. With the increase of
excavation distance, after 40m, affected by repeated distur-
bance, the overlying strata collapse violently, and a large
range of cracks occur periodic closure and compaction. With
the excavation gradually close to the fault, the number of
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Figure 1: Comprehensive coal seam histogram.

3Geofluids



fractures near the fault increases significantly, and there are
more broken fractures in the lower plate of the fault, and
the development of mining fractures is gradually dense. The
mining fractures in the upper plate face develop along the
top of the fault to the lower plate. After passing through the
fault, the mining-induced fractures are closed and compacted
quickly with the periodic weighting and the influence of the
self-weight of the upper strata. After gradually moving away
from the fault, the change of mining-induced fractures tends
to be stable.

2.4. Fractal Study of Mining Fracture. The spatial and tem-
poral distribution characteristics of the development of the
mining-induced fracture field in the overlying strata largely

determine the strike and occurrence characteristics of the
coal seam gas migration. The mining-induced failure process
of the overlying strata is an evolution process from bottom
to top, from order to disorder. In particular, under the influ-
ence of periodic weighting and repeated disturbance, this
evolution process is bound to be more complex, and the evo-
lution of the mining-induced fracture field has complex
nonlinear characteristics. Yu et al. [29] found that the frac-
ture network formed by rock mining has good statistical
self-similar fractal characteristics and proposed using fractal
dimension to characterize the degree of fracture of rock min-
ing [30]. Therefore, in recent years, many scholars have used
fractal theory to quantify mining-induced fractures under
different mining conditions and achieved good results [31,
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Figure 2: Model solution design.
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Figure 4: Continued.
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32]. Box dimension method is the most common method for
calculating fractal dimension. The calculation relationship of
box dimension can be expressed as [31]

Dimbox sð Þ = lim
r⟶0

ln N rð Þ
ln r

: ð1Þ

Based on this, the box dimension is used to characterize
the fractal dimension of the fracture distribution of mining
rock. Firstly, the fracture development distribution map is
binarized by MATLAB self-compiled language, and then,
the fitting relationship between ln r and ln NðrÞ is obtained
by MATLAB. The slope of the fitting curve is the fractal box
dimension. Figures 6 and 7 show the evolution of mining-
induced fractures, the binary map after treatment, and the
fractal dimension of No. 5 and No. 9 coal seam excavation
200m. In order to facilitate the description below, the fractal
dimensions of mining-induced fissures in No. 5 and No. 9
coal seams are defined as “fractal dimension 1” and “fractal
dimension 2,” respectively.

In order to facilitate the analysis and observation, the
fractal dimension statistics of No. 5 and No. 9 coal seam
excavation at different distances are shown in Tables 1 and
2. It can be seen that the correlation coefficients of all fitting
relationships are almost above 0.99, and the fitting degree of
the two is relatively high. It shows that the fractal box
dimension obtained by this method can better characterize
the spatial distribution pattern of mining-induced fractures
in the shale, and the larger the fractal dimension is, the more
intensive the current fracture development is.

Figure 8 is the relationship between different excavation
distances and fractal dimension of No. 5 and No. 9 coal
seams. From the change trend of fractal dimension 1 in
Figure 6, it can be seen that when No. 5 coal seam is exca-
vated at the beginning, the fractal dimension has a relatively
large upward trend in the process of excavation to 20m to
60m, indicating that at this time, the new mining-induced
rock fractures are the main, and there are few cracks that
are penetrated and compacted. Under general mining condi-
tions, the fractal dimension of the later stage should have a
slight downward trend under the influence of periodic

weighting [30], and the fractal dimension 1 does have a rel-
atively upward trend in this stage. The reason is that the No.
5 coal seam is just excavated to the top of the fault in this
stage. Due to the existence of faults, the lithology of the
No. 5 coal seam floor in this area is weak. Therefore, the
floor cracks began to extend and develop, resulting in a rel-
atively small increase in the fractal dimension at this stage.
With the excavation of No. 5 coal seam gradually away from
the fault, especially after the excavation to 160m, the fractal
dimension of the mining-induced fissures in the overlying
strata presents a gentle fluctuation trend, indicating that
the fissures in the overlying strata and floor have developed
to the maximum range at this time. Subsequently, with the
continuous advance of excavation, the fissures develop along
with the excavation, and the development of fissures in
height is basically stagnant.

From the variation trend of fractal dimension 2 in
Figure 7, it can be seen that the No. 9 coal seam is basically
within the pressure relief range of the floor of No. 5 coal
seam. Therefore, the variation trend of fractal dimension 2
is relatively stable on the whole, and the fractal dimension
has a downward trend after the excavation of No. 9 coal
seam to 40m in local position. The reason is that under
the influence of repeated disturbance and fault, the periodic
weighting interval becomes smaller, the overlying strata col-
lapses violently, and the large-scale fractures are periodically
closed and compacted. Then, with the excavation closer to
the fault, the development of mining fractures began to
increase, and the fractal dimension also increased. After
the excavation of the fault, because the local position of the
fault is broken, the mining fracture is closed and compacted
quickly with the influence of the periodic weighting and the
self-weight of the upper rock layer, and the fractal dimension
shows a slight downward trend. After gradually away from
the fault, the fractal dimension of the mining fracture shows
a normal gentle fluctuation trend. The mining-induced fis-
sures experienced a dynamic evolution process from genera-
tion, penetration, closure, expansion, to compaction [31],
and the fractal dimension 2 and fractal dimension 1 of the
mining-induced fissures under the influence of repeated dis-
turbance have roughly the same increasing trend.
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3. Simulation of Gas Migration in Mining
Fracture Field under Normal
Fault Conditions

3.1. Mathematical Model of Gas Migration in Mining
Fracture Field

3.1.1. Continuous Mathematical Equation of Mining Pressure
Relief Gas Flow. Under the influence of mining effect, a large
amount of adsorbed gas is transformed into free gas, which
is also the key to gas extraction. The flow process of gas after
pressure relief can be summarized as gas desorption stage,
gas diffusion stage, and gas seepage stage. In the three stages
of the whole process of pressure relief gas flow, it covers the
diffusion and seepage of free gas and adsorbed gas. There-
fore, combined with the law of conservation of mass, the
coupling continuous equations of gas diffusion and seepage
are expressed as follows:

∂ ρkφkð Þ
∂t

+∇ · ρkVkð Þ+∇ · ρsVsð Þ + ∂ ρsφsð Þ
∂t

= 0, ð2Þ

where bottom k, s corresponds to diffusion and seepage,
respectively.

Considering that the change rate of gas fluid density with
space is much smaller than that with time, which can be
ignored, Equation (1) can be simplified as

φk
∂ρk
∂t

+ ρk div Vk + φs
∂ρs
∂t

+ ρs div Vs = 0: ð3Þ

3.1.2. Mining Pressure Relief Gas Flow Equation. The Reyn-
olds number of pressure relief gas flow in the areas with
small fractures and pores of coal and rock mass is between
1 and 10, belonging to laminar flow; when Reynolds number
of pressure relief gas flow increases to 10~100, gas flow state
is between laminar and turbulent nonlinear seepage (also
called transition flow). When Reynolds number of pressure
relief gas flow is greater than 100, gas flow transits from lam-
inar flow to turbulent flow. Therefore, Darcy’s law, Navier-
Stokes equation, and Brinkman’s equation are used to
describe the flow equations of gas fluid in front of working
face (uncut coal body), working face, roadway, and goaf
area, respectively [32].

(1) Gas Flow Equation in front of Coal Mining. The per-
meability of most coal seams in Guizhou coal mines is
low. The flow of gas in low permeability coal seams needs
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©2021 Itasca consulting group, Inc.
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Figure 5: Development map of overburden fissures in working face directly through fault excavation.
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Figure 6: Evolution, binary map, and fractal dimension of overburden fissures in No. 5 coal seam excavation of 200m.
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to consider the Klinkenberg effect [33]. The gas gravity is
small and can be ignored in the calculation. According to
the Darcy law, coal gas seepage velocity can be expressed
as

v = −
k
μ

1 + h
p

� �
· ∇p, ð4Þ

where v is gas seepage velocity, m/s; μ is gas dynamic
viscosity; and h is the Klinkenberg coefficient, Pa.

The permeability of coal in front of coal mining is
mainly related to the effective stress. Considering the change
of gas pressure and the adsorption effect of adsorbed gas, the
dynamic equation of permeability is

k = k0
1 + εv

1 + εv
φ0

+
KyΔp 1 − φ0ð Þ

φ0
−
2aρvRTKy

9Vmφ0
ln 1 + bpð Þ

1 + bp0ð Þ
� �3

,

ð5Þ

where k0 is the initial permeability of coal, m2; εv is the
volumetric strain of coal; φ0 is the initial porosity of coal,
%; Ky is the coal skeleton compression coefficient, 1/MPa;
p0 is the initial gas pressure of coal body, Pa; a is the limit
gas adsorption capacity of unit mass coal, m3/t; ρv is the coal
density, kg/m3; R is the ideal gas constant; T is the absolute
temperature in standard conditions, T = 273K; Vm is the
total volume of coal, kg/m3; p is the gas pressure, Pa; and b
is the absorption of coal, 1/MPa.

Table 1: Fractal dimension statistics at different excavation distances for coal seam No. 5.

Excavation
distance (m)

Fitting relationship
Correlation

coefficient (R2)
Excavation distance (m) Fitting relationship

Correlation
coefficient (R2)

20 ln N rð Þ = 6:687 − 1:053 ln r 0.9584 120 ln N rð Þ = 10:26 − 1:384 ln r 0.9973

40 ln N rð Þ = 8:141 − 1:222 ln r 0.9920 140 ln N rð Þ = 10:38 − 1:371 ln r 09971

60 ln N rð Þ = 9:011 − 1:314 ln r 0.9921 160 ln N rð Þ = 10:52 − 1:347 ln r 0.9964

80 ln N rð Þ = 9:565 − 1:364 ln r 0.9932 180 ln N rð Þ = 10:71 − 1:363 ln r 0.9948

100 ln N rð Þ = 9:782 − 1:369 ln r 0.9921 200 ln N rð Þ = 10:86 − 1:372 ln r 0.9959

Table 2: Fractal dimension statistics at different excavation distances for coal seam No. 9.

Excavation
distance (m)

Fitting relationship
Correlation

coefficient (R2)
Excavation
distance (m)

Fitting relationship
Correlation

coefficient (R2)

20 ln N rð Þ = 10:93 − 1:377 ln r 0.9947 120 ln N rð Þ = 11:06 − 1:369 ln r 0.9945

40 ln N rð Þ = 11:01 − 1:392 ln r 0.9958 140 ln N rð Þ = 11:08 − 1:368 ln r 09946

60 ln N rð Þ = 10:90 − 1:356 ln r 0.9944 160 ln N rð Þ = 11:06 − 1:362 ln r 0.9945

80 ln N rð Þ = 10:95 − 1:361 ln r 0.9943 180 ln N rð Þ = 11:09 − 1:372 ln r 0.9945

100 ln N rð Þ = 11:05 − 1:375 ln r 0.9945 200 ln N rð Þ = 11:15 − 1:384 ln r 0.9939

y = –1.384⁎x + 11.15
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Figure 7: Evolution, binary map, and fractal dimension of 200m overburden fissures in No. 9 coal seam excavation.
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(2) Gas Flow Equation of Coal Mining Face and Roadway.
The velocity of gas in coal mining face and roadway is fast,
which can be described by the Navier-Stokes equation. The
Navier-Stokes equation can be expressed as

−∇ · η ∇uns + ∇unsð ÞT
h i

− ρ uns · ∇ð Þuns+∇Pns = 0,

∇·uns = 0,
ð6Þ

where u is the rate of curve of flow of fluid, m/s, and η is
the coefficient of viscosity, kg/(m·s).

(3) Gas Flow Equation of Mining-Induced Fracture Field.
The gas flow law of mining-induced fracture field can be
described by the Brinkman motion equation, which is
expressed as

−∇ · η ∇ubr + ∇ubrð ÞT
h i

−
η

k
ubr+∇Pbr − F

� �
= 0,

∇·ubr = 0:
ð7Þ

(4) Diffusion-Convection Equation of Gas in Coal.

θs
∂I
∂t

+∇ · −θsDL∇I + uIð Þ = SI , ð8Þ

where θs is the volume rate of gas fluid; I is the con-
centration of gas dissolution, kg/m3; DL is the tensor of
pressure diffusion, m2/d; and SI is the relative gas emission
rate, m3/t.

The gas diffusion flow can be described by Fick’s law.
The gas diffusion flow equation in coal pores can be
expressed as

J = −D
∂W
∂n

, ð9Þ

where J is the diffusion velocity of gas, m3/m2s; D is the
diffusion coefficient of gas, m2/s; W is the concentration of
gas, m3/t; and n is the diffusion distance of gas, m.

3.2. Construction of Numerical Simulation Model. The
existence of faults destroys the “trapezoidal” caving form
of intrusive rocks on both sides of the fault, and the devel-
opment is not continuous. However, since the No. 9 coal
seam is at the high position of the fault, with the contin-
uous development of the mining fracture height, the min-
ing fracture of the upper working face will develop along
the direction of the top of the fault to the bottom. A sim-
ple three-dimensional trapezoidal table can be approxi-
mately constructed to characterize the goaf of the fault
tectonic area, as shown in Figure 9, so as to model and
simulate the numerical simulation.

The gas migration in the mining fracture field mainly
considers the fracture zone and caving zone in the vertical
three zones of the mining fracture. According to the actual
working conditions of the coal mining face in mine in Gui-
zhou, a simple rectangular trapezoidal table physical model
of the mining rock fracture in No. 5 coal seam and No. 9 coal
seam is drawn by UG mapping software, as shown in
Figure 10. The physical model is divided into different
regions according to the broken expansion coefficient of
the rock collapse.
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Figure 8: Relationship between different excavation distances and fractal dimension variation in coal seam No. 5 and No. 9.
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3.3. Simulation Hypothesis of Porous Media for Mining-
Induced Fractures. A large number of fractures will be gener-
ated in overlying strata after coal seam mining, which is
called secondary mining fractures [34]. Secondary mining
fractures and coal-rock joints, bedding, and primary frac-
tures formed in the process of coal-forming constitute the
fracture system of mining rock.

The random distribution of secondary mining fractures
is mainly related to the key strata, adjacent rock lithology,
mining height, and secondary repeated mining stress. The
primary fracture is formed by coal and rock under the
original geological action. The average channel size, per-
meability, and porosity of the fracture are several orders
of magnitude smaller than those of the mining-induced
fracture. Therefore, the secondary mining-induced fracture
is the main channel for gas migration in the mining-
induced rock fracture system.

After mining, the mechanical properties of coal and rock
mass caused by erosion rock breaking and stress redistribu-
tion have changed greatly. However, due to the randomness
of fracture structure and collapse accumulation mode of
weathered rock after mining, the migration of gas and other
mixed gases in weathered rock fractures is not affected in
essence. Therefore, it is considered that the fracture zone
and caving zone after mining-induced erosion rock breaking
have the properties of porous media. According to the defi-
nition of porous media and seepage mechanics, the charac-
teristics of porous media of mining-induced fissures are
described as follows. (1) Macroscopically, erosion rock fis-
sures can still be regarded as continuous isotropic media,
and fissures are equivalently replaced by porous media. (2)
The weathered rock fissures can be studied as a whole, which
is composed of coal, rock, gas, and other mixed gases and fis-
sures. (3) The gap between the strata in the rock fracture is
interconnected, and the range of the whole rock fracture
field is relatively narrow.

3.4. Numerical Model Setting and Meshing. In COMSOL
numerical simulation, two physical field interfaces of “free
and porous media flow” and “porous media rare material

transfer” were selected to set the physical model, and the
solver was set to meet the requirements of iterative solution.
The solution step was transient. In order to ensure the ratio-
nality of the numerical simulation results, the grid division
was encrypted at the local position of the fault, and its loca-
tion was relatively sparse. The grid division of the two phys-
ical models is shown in Figure 11.

The location of the transport lane is set as the inlet
boundary, and the flow rate of fresh air is set as 2.3m/s.
The return airway position is set to the outlet boundary of
pressure difference flow, and the solid boundary is set to
the “wall” in the physical field of free and porous media flow.
The regions divided by the physical model are set by using
permeability and porosity to characterize the rock dilatancy
coefficient. The mining fracture field has the properties of
porous media. The relationship between permeability,
porosity, and rock dilatancy coefficient can be expressed by
the Blake-Kozeny formula as follows:

k = φn
3dm

2

150 1 − nð Þ2 , ð10Þ

where φn is the porosity, φn = 1 − ð1/KpÞ; Kp is the rock
breaking coefficient of mining fracture field; and dm is the
average diameter of porous media particles, m.

In the numerical simulation, in order to simplify the
analysis, the gas emission in the mining-induced fracture
field is regarded as uniform distribution, so the calculation
method of gas source term in each region in the physical
model is as follows:

Qs =
Qgρ

60Va
, ð11Þ

where Qs is the gas source term of each region, kg/m3s;
Qg is the gas emission of gas source term in each region,
m3/min; and Va is the volume of the source term in each
region, m3.

Mining working face

Return
airway

Fault

Haulage gateway

Figure 9: Sketch map of the mining area in the fault structure area.
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3.5. Gas Migration Numerical Simulation Results and
Analysis. Without the influence of faults, the gas spatial
migration distribution results of simulated mining-induced
fracture field in No. 5 coal seam are shown in Figure 12. It
can be seen that the gas accumulation in the upper corner
is more serious. The reason is that there is a concentration
difference and density difference between the gas and the
surrounding air, so there is an area where the gas cannot
be completely taken away by the fresh air flow in the coal
mine excavation and mining space, and the pressure relief
gas has good floating characteristics. Due to the effect of
floating, a certain amount of gas accumulates at a certain
height of fracture development, especially under the condi-
tion of U-type ventilation, the gas accumulates in the upper
corner. At the same time, it can be seen that due to the influ-

ence of air leakage on the mining face, the gas concentration
on the side of the return airway will gradually increase, and
the pressure relief gas in the goaf will rise and float in the
mining fracture field and migrate to the separated layer
development area of the overlying strata. Combined with
Figure 13, it can not only clearly see the gas migration law
but also can be seen that the gradient of gas concentration
near the coal mining face changes greatly, and the gradient
gradually decreases when it is far away from the coal mining
face. In the whole mining fracture field, the gas concentra-
tion in the most inner return airway side of the goaf is the
largest.

It can be seen from Figure 14 that the spatial distribu-
tion of gas migration in the mining fracture field in the
fault structure area is generally consistent with the spatial

AA

SECTION A-A

(a) No. 5 coal seam

AA

SECTION A-A

(b) No. 9 coal seam

Figure 10: Rectangular trapezoidal platform of overburden fissures of mined coal seam.
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distribution of gas migration in the mining fracture field
without fault structure shown in Figure 12. The maximum
concentration of gas still appears on the other side of the
goaf. However, it can be seen that although No. 9 coal
seam is in the range of pressure relief of No. 5 coal seam

mining, due to the existence of faults, it still leads to high
gas concentration in the mining fracture field of No. 9
coal seam goaf. Figure 15 shows the spatial distribution
of gas migration in the mining-induced fracture field in
the fault structure area. Comparing Figure 13, it can be

(a) No. 5 coal seam (b) No. 9 coal seam

Figure 11: COMSOL numerical model meshing.
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Figure 13: Contour map of gas spatial transport distribution in the mining fissure field of No. 5 coal seam.
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Figure 12: Spatial gas transport distribution in the mining fissure field of No. 5 coal seam.
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seen that the variation gradient of gas concentration in the
whole mining-induced fracture field of No. 9 coal seam is
larger than that of No. 5 coal seam. At the same time, the
gas concentration in different fault layers is also different
in the whole fault area. The gas concentration in the high
level of the fault is slightly larger than that in the low level
of the fault. Compared with the fracture (Figure 5), it can
be seen that the compaction area near the high level of the
fault is larger, the compaction area in the low level of the
fault is relatively small, and the fracture is more developed
than the high level area. Figure 16 clearly shows the spatial
migration and distribution characteristics of gas in the
mining-induced fracture field in the fault structure area
under different slice angles. It can be seen that the gas

concentration is relatively high near the fault structure
area, indicating that even if the fault is located in the min-
ing pressure relief range of No. 5 coal seam, the gas will
still accumulate near the fault structure.

In order to further analyze the influence of fault struc-
ture on gas migration in mining fracture field, the flow line
of gas flow direction in mining fracture field in fault struc-
ture area is derived as shown in Figure 17. It can be seen that
the gas flow curve is complex on the whole, which is in line
with the basic law of the complexity of gas migration in the
mining fracture field. At the same time, it can be seen that a
large number of gas flow near the fault location and gather
more actively, indicating that the existence of faults has a
greater impact on gas migration. It can be seen from the
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Figure 14: Spatial gas transport distribution in mining fissure fields in fault-tectonic regions.
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Figure 15: Contour map of gas spatial transport distribution in mining fracture field in the fault-tectonic region.
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gas flow line of the coal mining face that the gas in the goaf
near the coal mining face diffuses towards the coal mining
face with the air leakage flow of the coal mining face, which
is consistent with the gas emission law of the field working
face.

4. Conclusions

(1) Through the simulation of the fracture development
of close coal seam under the influence of faults, it can
be seen that the fault is less affected by the mining of
No. 5 coal seam. The fractures near the upper plate
of the underlying fault of No. 5 coal seam are rela-
tively developed, and the fracture development in
the lower plate of the fault is not obvious. Under
the influence of faults, the mining of No. 9 coal seam
causes a large number of new mining-induced frac-
tures in the fault area. With the mining of No. 9 coal
seam moving forward, the mining-induced fractures
develop along the direction of the top of the fault to
the bottom, and the mining-induced fractures expe-
rience the development process of “development-
expansion-compaction”

(2) Through the binarization processing and quantita-
tive analysis of the distribution of mining-induced
fissures in No. 5 and No. 9 coal seams, it can be seen
from the overall trend of fractal dimension that the
mining-induced fissures have experienced a dynamic
evolution process from generation, penetration, clo-
sure, expansion, to compaction, and the fractal
dimension of mining-induced fissures in No. 5 and
No. 9 coal seams has roughly the same increasing
trend under the influence of repeated disturbances

(3) By constructing the three-dimensional trapezoidal
platform model of No. 5 and No. 9 coal seam mining
fractured rock, the numerical simulation analysis of
gas migration in mining fractured field under the
influence of fault is carried out. Under the condition
of U-type ventilation, the gas accumulation in the
upper corner of the mining fracture field is serious,
and the gas concentration in the fracture develop-
ment zone of the overlying strata is higher. On the
whole, the gradient of gas concentration near the
working face in the mining-induced fracture field
changes greatly. When it is far away from the work-
ing face, the gradient gradually becomes smaller. In
the whole mining-induced fracture field, the gas con-
centration at the return airway side in the innermost
goaf is the largest

(4) Through the simulation and comparative analysis of
No. 5 coal seam and No. 9 coal seam, the results
show that the spatial distribution of gas migration
in the mining fracture field in the fault structure
area is generally consistent with that in the mining
fracture field without fault structure, and the maxi-
mum concentration of gas still appears on the other
side of the goaf. Due to the existence of faults, the
gas concentration of mining-induced fracture field
in goaf of No. 9 coal seam is high. Even in the pres-
sure relief range of No. 5 coal seam, the gas concen-
tration of mining-induced fracture field in goaf is
still high and the variation gradient is large. The
gas will still accumulate and circulate actively near
the fault structure. The gas concentration at the high
level of the fault is slightly higher than that at the
low level
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