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In order to reveal the occurrence mechanism of coal and gas outburst and optimize the measures to prevent the disaster, a coal
mine in Henan Province was undertaken as the research background. Based on the geological and mining conditions of the coal
mine, the gas geological analysis method is applied to determine the outburst occurrence and to classify the risk levels. A
multifactor pattern recognition method is used to determine the risk probability of the dynamic disasters such as coal and gas
outburst. *e relationship between geological structure, rock mass stress, and mine dynamic hazards is determined using geo-
dynamic division method and FLAC3D numerical simulation. *e occurrence and manifestation characteristics of the dynamic
hazards are determined. COMSOLMultiphysics software is used to evaluate the original prevention measures and to optimize the
measures. *e research results determine the main influencing factors and regional distribution law of coal and gas outburst,
which is of great significance to the risk prediction and prevention of dynamic disasters such as coal and gas outburst.

1. Introduction

Coal and gas outburst is an instantaneously destructive
geo-phenomenon caused by complex interactions among
the gas, coal seam, rock mass, and ground stress [1, 2],
which is also a typical dynamic disaster in coal mines. Many
scholars have carried out numerous scientific research
studies with regarding to the energy source and occurrence
mechanisms of coal and gas outburst and achieved con-
siderable research results. Yu and Shepherd et al. [3–5]
think that geological structure is a prime factor in outburst
occurrence. In addition, the outburst risk of the same coal
mine and same coal seam at different locations is different,
which is, namely, the regional distribution of outburst.
Zhao [6] used numerical method to simulate the procedure
of coal and gas outburst. Results show that the crushing
level of the coal and rock depends on the outburst intensity.
When the outburst is weak, the coal is only being squeezed
out or dumped. Hu et al. [7] explored the mechanism of
coal and gas outburst using theoretical analysis and nu-
merical simulation. Results revealed that in the initial stage

of coal and gas outburst, stress concentration occurred in
surrounding rock mass and coal seam. In the development
stage, surrounding coal around a borehole was of gradual
failure. At the end of the outburst stage, the stress state of
the coal around the borehole was changed. Miao et al. [8]
studied the formation process of outburst shock wave by
combination of the two-phase flow movement parameters
of the coal and gas. It was considered that the velocity and
intensity of the shock wave decreased with the increase of
the fluid expansion in the roadway. Zhu and Fan et al.
[9–14] took different methods to reveal the mechanism of
coal and gas outburst. Sobczyk and Frid et al. [15–17] took
different methods to forecast the risk of coal and gas
outburst.

According to the characteristics of the coal and gas
outburst in Xi’nan coalfield, Xu et al. [18] put forward several
outburst prediction and controlling measures, including gas
geology study, geological structure survey, gas predrainage,
and coal seam permeability enhancement, introducing vi-
bration blasting or long-distance blasting, and standardi-
zation of operational management.
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To solve the problems of serious outburst and gas
emission in No. 15 coal seam of Sijiazhuang Coal Mine, Liu
et al. [19] put forward the technology of gas outburst pre-
vention and controlling, including hydraulic fracturing,
cross drilling, drilling while draining, and hydraulic forcing
out of gas contents. Field tests showed good application
results.

According to the management principle of “one mine
one regulation, one panel one regulation” of Pingdingshan
Coal Mine of Shenma Group, Zhang [20] has planned the
outburst prevention and controlling key technologies, such
as protection seam (nonburst seam) mining of multientry
panel and extremely thin coal seam and high pressure hy-
draulic borehole. Zhang has developed a gas prevention and
controlling system under consideration of local geological
characteristics.

In coal and gas outburst study, scholars have carried out
various preventive measures and considerable experiences.
However, dynamic disasters such as coal and gas outburst
are complex phenomena, and the occurrence mechanism
and development characteristics of the disaster are not clear
yet due to the complexity and diversity of geological con-
ditions. With the deepening resource mining, the threat of
dynamic disasters will become an important issue for mine
safety.

In order to reveal the occurrence mechanism of coal and
gas outburst, undertaking a coal mine in Henan Province as
engineering background this paper compares 31020 burst
working face with adjacent 17220 nonburst working face.
Under considerations of the geological and mining condi-
tions of the coal mine, the high risk outburst areas are
determined using the gas geological analysis method, geo-
logical dynamic division method, multifactor pattern rec-
ognition method, and FLAC3D numerical method,
respectively.*e geological and ground stress aspects related
to coal and gas outburst are comparatively studied. *e
prevention measures in 31020 and 17220 working faces are
analyzed using COMSOL Multiphysics software. *e re-
search results reveal the main influence factors and regional
distribution of coal and gas outburst, which is of great
significance to the risk prediction and prevention of coal and
gas outburst.

2. Overview of the Panel

2.1. Overview of Panel 31020. Panel 31020 is located in the
northern region of Guozhuang anticline in a coal mine,
Henan Province, China. Panel 17220 is an adjacent panel of
it to the north. *e panel width of 31020 is 203m, headgate
length is 911m, and tailgate length is 761m.*e coal seam is
a simple structure and relatively stable, and the coal seam is
105°∼130° in strike direction, which tends to the northeast. In
the coal seam, the average inclination angle is 10°, the av-
erage thickness is 3.3m, the initial gas pressure is 1MPa, and
the initial gas content is 14.97m3/t. Blasting method is used
in the roadway excavation, with an average driving speed of
12 meters per day. *e layout of the panel is shown in
Figure 1. *e lithology of the roof and floor of the panel is
shown in Table 1.

*e headgate excavation began from July 1st, 2017, the
panel has not beenmined at present. OnNovember 25th, 2017,
one coal and gas outburst accident occurred at 427m, and total
gas emission was 2458m3 and coal dump was 83 tons.

2.2. Overview of Panel 17220. Panel 17220 is located to the
north of Panel 31020 with panel width of 158m, panel length
of 751.3m, and mining height of 3.3m.

*e immediate roof of the panel is sandy mudstone with
an average thickness of 4.01m. *e main roof is fine
sandstone with an average thickness of 10.9m. *e im-
mediate floor is mudstone with an average thickness of
0.3m, and the main floor is argillaceous sandstone, with an
average thickness of 6.8m. Before Panel 17220 being mined,
the maximum original gas pressure was 2.6MPa, the original
gas content was 15.256m3/t, and the absolute gas emission
was 4.31m3/min. A comprehensive mechanized mining
method was adopted for mining. *e average mining speed
was 2.4m/d using the full roof caving method. *e geo-
logical structure of the panel is simple. In the mining area,
there are only two small faults, with the throw between 0.2m
and 0.5m. A 36U-steel arch shed was used for the inlet
roadway support, and outlet roadway was supported by a
bolt and mesh.

3. Prediction Results of Coal and Gas Outburst
Risk in Panel 31020

3.1. Prediction Results of Gas Geological Map. According to
Cluster 200 in Chinese Coal Mine Safety Regulations 2016,
gas geological maps in a coal and gas outburst mine must be
compiled and updated in time, and the renewal period
should be less than one year. In the gas geological maps, the
mining progress, the protecting area, conditions of coal
seam, geological structure, location of outburst points,
strength of outburst and basic parameters of gas, etc. should
be indicated clearly, which is used as a base line for coal and
gas outburst prediction and prevention.

According to the gas geological map of the mine updated
in September 2018, high risk outburst region was the
northern region of Guozhuang anticline with floor contour
greater than − 350m (overlying strata thickness more than
430m).

Floor contour of Panel 31020 is from − 630m to − 696m,
and the depth of the panel is from 880m to 976m, both
conditions have reached the critical state of the outburst risk.
Prediction results of Panel 31020 by gas geological map are
shown in Figure 2.

Panel 17220 is located in the northern region of
Guozhuang anticline. Floor contour is − 560m to − 610m,
and the depth of the panel is 750m to 800m. It indicated that
risk of coal and gas outburst also exists in Panel 17220.
Prediction results of Panel 17220 by gas geological map are
shown in Figure 3.

3.2. Research Results of Geo-Dynamic Division.
Geo-dynamic division method evaluates tectonic activities
and effects at 5 different scales, from I to V. Level-I
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establishes the relationship between tectonic effect and re-
gional geological structure.*e next level division refines the
research contents and narrows the regional scope than the
previous level division. *e level-V division corresponds to
the scope of the coal mine field (as shown in Figure 4).
*rough systematic regionalization, the relationship be-
tween tectonic effect and engineering application can be
established. *e geological structure and geo-dynamic
background of the engineering project are then determined.
After the boundary of tectonic fault blocks of all levels is
identified, the tectonic active areas are divided and the
geological structuremodel of the engineering location can be
established. Finally, the stress state of the rock mass is

analyzed, and the risk levels of coal and gas outburst are
divided. After the risk of coal and gas outburst is predicted,
the geological dynamic effect produced by engineering ac-
tivities is finally achieved.

*e scale of level I and II blocks ranges from 1 : 2.5
million to 1 :1 million. Geo-dynamic division determines the
relationship between plate tectonic division and geo-dy-
namic division, and then applies the theories and research
results developed from plate tectonics to the geo-dynamic
region. *e scale of level III and IV blocks ranges from 1 :
200,000 to 1 : 25,000. Accordingly, the block structure could
be used in a coalfield scale.*e level-V block is in the scale of
1 :10,000, which can be further reduced to a coal mine.

Table 1: Lithology and thickness of the roof and floor of Panel 31020.

Name Lithology Feature description *ickness

Main roof Fine sandstone
Gray fine sandstone with a small number of patches at
the top, sandy mudstone, mica sheets, and strips at

the middle and lower parts
10.9m

Immediate roof Sandy mudstone Gray-black sandy mudstone, dense, mica-bearing
fragments 4.01m

Immediate floor Mudstone Gray mudstone 0.3m
Main floor Sandy mudstone Gray sandy mudstone, massive 1.5m∼12m
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Figure 2: Prediction results of Panel 31020 by gas geological map.
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Figure 3: Prediction results of Panel 17220 by gas geological map.
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Figure 1: Layout of the Panel 31020 in a coal mine in Henan Province.
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*rough the process of regionalization from 1 : 25 million to
1 :10,000, the block structure in the coal mine can be de-
termined, and the relationship between local structure and
engineering project is finally established.

*e geo-dynamic division method is used to divide level
I–V blocks of this coal mine. *e distribution of active faults
and coal and gas outburst risk levels are shown in Figure 5.
Of all 12 coal and gas outbursts occurred in the coal seam, 11
of them occurred near level III and V division faults, five
occurred near level III-12 faults, four occurred near level
V-12 and V-25 faults, one occurred near level V-14 faults,
and one occurred near the intersection of V-13, V-23, and
V-24 faults. *e faults in the geo-dynamic division are lo-
cated at the junction in the northern part of the Guozhuang
anticline and southern part of the Likou syncline. *eir
distribution direction is similar to that of the Likou syncline
and the Guozhuang anticline, which are closely related to the
geological structure between the southern part of the Likou
syncline and northern part of Guozhuang anticline.

According to the distribution of the fault structure and
outburst points, level III faults control the coal and gas
outburst in the mining field. Within the influence of level III
faults, most of the outbursts occur in the vicinity of level V
faults or in dense fault area.

Among them, the outburst accident on November 25th,
2017, occurred at the intersection of V-13 fault and inlet
roadway of Panel 31020. It was 172m away from the in-
tersection of V-13, V-23, and V-24 fault. *erefore, it could
be concluded that the occurrence of the coal and gas out-
burst was related to the geo-dynamic division fractures, and

the outburst was affected by V-13, V-23, and V-24 fault. Coal
and rock mass at the fault intersection were seriously
damaged, which provided the condition for energy release in
coal and gas outburst. Based on the geo-dynamic division
method, the dynamic hazard risk prediction results of Panel
31020 are shown in Figure 6.

According to the results of the geo-dynamic division
method, only two small faults with a throw of 0.2m and
0.5m were exposed during the excavation and mining of
Panel 17220, and only V-24 division fault was found in the
panel, which had small impact on the dynamic disasters of
coal and gas outburst.

3.3. Multifactor Pattern Recognition Method. Multifactor
pattern recognition method can be used to analyze multiple
influencing factors and patterns of coal and gas outburst. By
dividing the prediction units in the study area, the proba-
bility based prediction of subunit pattern recognition can be
realized, which promotes the prediction from a point to the
regional prediction, from single factor prediction to mul-
tifactor prediction, and from qualitative prediction to
quantitative prediction.

*e multifactor pattern recognition method is used to
evaluate the risk of coal and gas outburst on November 25th,
2017. By comparing the single factor on the outburst risk, it
could be found that the dangerous area mainly distribute in
the high stress area and high stress gradient area. *e
maximum stress in the high stress area was located in the
north of the mining field, and the maximum principal stress
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Figure 4: Relationship between geo-dynamic division and tectonic and engineering application.
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was 39MPa.*eminimum stress was located in the south of
the mining field, and the minimum principal stress was
28MPa. *e maximum and minimum probability of out-
burst risk of the coal seam was 0.99 and 0.15. *e mining
field was divided into five levels, and the critical value of the
risk was 0.34, 0.58, 0.78, and 0.84.

*e prediction results for Panel 31020 by the multifactor
pattern recognition method are shown in Figure 7. *e
probability of coal and gas outburst in the area of Panel
31020 was 0.95, which was higher than 0.84. According to
the result of risk classification of outburst, it shows high
outburst risk existed in Panel 31020.

According to the prediction results of gas geological map
and multifactor pattern recognition, outburst risk existed in
Panel 31020.

According to the prediction result of multifactor pattern
recognition, the probability of coal and gas outburst in Panel

17220 is 0.90–0.95, and high outburst risk also existed in
Panel 17220, as shown in Figure 8.

4. Influence of Roadway Development to Panel
Face Stress Distribution

4.1. Stress Distribution of Panel 31020 in Roadway Develop-
ment Process. *e position of Panel 31020 and Panel 17220
is shown in Figure 9. To study the stress distribution in the
development process of the intake roadway, a numerical
model is established using FLAC3D software. *e size of the
model is 900m× 550m× 120m, and a total of 738970 ele-
ments and 784958 nodes are established (as shown in
Figure 10).

*e boundary conditions of the model are determined as
follows:
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Figure 6: Dynamic hazard risk prediction results of Panel 31020 based on the geo-dynamic division method.
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Figure 7: Prediction results for Panel 31020 by the multifactor pattern recognition method.
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(1) *e boundary of the x-axis of the model is con-
strained along the x-axis, and the displacement of the
X-direction of the boundary is zero

(2) *e boundary of the y-axis of the model is con-
strained along the y-axis, and the displacement of the
Y direction of the boundary is zero

(3) *e bottom boundary of the model is fixed, and the
displacements inX, Y, and Z directions of the bottom
boundary are all zero

Based on the results of in situ stress measurement in the
mine, the boundary load conditions of the calculation model
are as follows:

(1) *e gradient stress of 25MPa to 28.8MPa is applied
to the x-axis direction of the model

(2) *e gradient stress of 15.6MPa to 18.0MPa is ap-
plied to the y-axis direction of the model

(3) *e gradient stress of 19.5MPa to 22.5MPa is ap-
plied in the z-axis direction of the model, the
equivalent load of 19.5MPa is applied in the upper
part of the model, and the self-weight load is set in
the z-axis direction

*e mechanical parameters of coal and rock used in this
simulation work are shown in Table 2.

*e original rock stress of the intake roadway of Panel
31020 is 22.0MPa. When the intake roadway is excavated
100m, the surrounding rock stress of the roadway reaches
27.2MPa and the stress concentration factor is 1.24. When
the intake roadway is excavated 200m, the surrounding rock
stress of the roadway reaches 27.5MPa and the stress
concentration factor is 1.25. With the continuous excavation

of the intake tunnel, the stress of surrounding rock tends to
be stable.*e vertical stress distribution of surrounding rock
in two roadways of Panel 31020 is shown in Figure 11.

In summary, during the excavation of Panel 31020
intake roadway, the stress concentration factor is between
1.24 and 1.25. *e stress of the coal and rock mass increases
by 24%-25% during the excavation of the roadway, which
increases the risk of dynamic disasters such as coal and gas
outburst.

4.2. Stress Distribution of Panel 17220 in Mining Process

4.2.1. Stress Distribution during Panel 17220 Retreat.
According to the position of Panel 17220, a numerical model
is established by FLAC3D software to study the stress dis-
tribution in the mining process. *e size of the model is
920m× 520m× 120m, a total of 648960 elements and 68399
nodes are established (as shown in Figure 12).

Based on the in situ stress measurement in the mine, the
boundary load conditions of the calculation model are as
follows:

(1) *e gradient stress of 23.4MPa to 27.2MPa is ap-
plied to the x-axis direction of the model

(2) *e gradient stress of 14.6MPa to 17.0MPa is ap-
plied to the y-axis direction of the model

(3) *e gradient stress of 18.25MPa to 21.25MPa is
applied in the z-axis direction of the model, the
equivalent load of 18.25MPa is applied in the upper
part of the model, and the self-weight load is set in
the z-axis direction

*e stress in Panel 17220 is high along return roadway
but is low along intake roadway. *e stress on the intake
roadway side of Panel 17220 is 20.25MPa, which is the
original stress. Under the influence of the lateral abutment
pressure near the goaf, the stress on the return air roadway
side of Panel 17220 reaches 40MPa, and the stress con-
centration factor is 1.98.

*e stress distribution of coal and rock mass of Panel
17220 when the maingate is excavated 200m is shown in
Figure 13. When the intake roadway of Panel 17220 is ex-
cavated 100m, the stress of surrounding rock of the roadway
reaches 24.2MPa and the stress concentration factor is 1.2.
When the intake roadway of Panel 17220 is excavated 200m,
the stress of surrounding rock of the roadway reaches
24.4MPa and the stress concentration factor is 1.2. When
the intake roadway of Panel 17220 is drived 300m, the stress
of surrounding rock of the roadway reaches 24.4MPa and
the stress concentration factor is 1.2. With the continuous
excavation of the intake tunnel, the stress of surrounding
rock tends to be stable.

When the tailgate of Panel 17220 is excavated 100m, the
stress of surrounding rock reaches 42.1MPa and the stress
concentration factor is 2.08. When the tailgate is excavated
200m, the stress of surrounding rock reaches 42.4MPa and
the stress concentration factor is 2.09. When the tailgate is
drived 300m, the stress of surrounding rock reaches
43.3MPa and the stress concentration factor is 2.14. With
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Figure 9: Panel 31020 and Panel 17220.

Figure 10: Numerical model of the panel.
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the continuous excavation, the stress of surrounding rock
tends to be stable.

In summary, during the excavation of Panel 17220, the
stress concentration factor of the intake roadway is 1.20 and
the stress concentration factor of the return roadway is
2.08–2.14. With the continuous excavation, the stress of
surrounding rock tends to be stable.

4.2.2. Stress Distribution during Mining Process of Panel
17220. *e stress distribution in themining process of Panel
17220 is shown in Figures 14–16. In the process of mining,
the concentration of advanced abutment pressure is not high
in the intake roadway of the panel, but is significant along
the return roadway of the panel. When Panel 17220 is
mining 100m, the peak value of advance abutment pressure

Contour of YY-stress
Plane: active on
Calculated by: volumetric averaging

2.4290E + 05
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Figure 11: *e vertical stress distribution of surrounding rock in two roadways of Panel 31020.

Figure 12: Numerical model of Panel 17220.

Table 2: Mechanical parameters of coal and rock.

Coal and rock Density (kg·m− 3) Bulk modulus (GPa) Shear modulus
(GPa)

Internal friction
angle (°)

Cohesion
(MPa)

Tensile strength
(MPa)

Fine sandstone 2600 37.4 26.9 45 15.4 7.8
Limestone 2650 30.4 16.5 38 14.6 7.3
Coal 1410 14.8 6.06 25 2.1 1.8
Mudstone 2400 23.3 10.8 28 3.7 2.8
Sandy mudstone 2400 24.2 12.5 46 6.8 4.1
Medium grain sandstone 2400 34 21.4 36 13.4 6.5

Contour of YY-stress
Plane: active on
Calculated by: volumetric averaging
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Figure 13: *e stress distribution of coal and rock mass of Panel 17220 when maingate is excavated 200m.
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is 47.9MPa, the stress concentration factor is 2.37, the peak
point is 20m in front of the face, and the influence range of
advance abutment pressure is 80m. When mining 200m,
the peak advance abutment pressure is 51.2MPa, the stress
concentration factor is 2.53, the peak point is 20m ahead of
the coal, and the influence range of the advance abutment
pressure is 85m. When mining 300m, the peak advance
abutment pressure is 51.2MPa, the stress concentration
factor is 2.53, the peak point is 20m ahead of the coal, and
the influence range of the advance abutment pressure is
85m. With the continuous mining of the panel, the stress of
surrounding rock tends to be stable.

In summary, in the mining process of Panel 17220, the
peak advance abutment pressure is from 47.9MPa to
51.2MPa, the stress concentration coefficient is 2.37–2.53,
the peak point is 20m ahead of the working face, and the
influence range of advance abutment pressure is 80m–85m.

5. Study of Measures to Minimize Risk

5.1. Mathematical Model of Gas Drainage

5.1.1. Seepage Field Equation. *e gas migration in coal
seam follows Darcy’s law:
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Figure 14: *e stress distribution of coal and rock mass of Panel 17220 when retreat 200m.
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Figure 15: *e stress distribution of coal and rock mass of Panel 17220 when retreat 500m.
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Figure 16: *e stress distribution of coal and rock mass of Panel 17220 when retreat 700m.
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zm

zt
+ ∇ · ρg u

→
  � Qs. (1)

*e gas quality per unit volume is as follows:

m � ρgφ + ρgsρc
VLp

pL + p
. (2)

According to Darcy’s law, considering the Klingberg
effect in gas migration, the velocity of gas migration in
fissures is as follows:

u
→

� −
k

μg
1 +

b

p
 ∇p. (3)

By substituting formula (2) and formula (3) into formula
(1), it can be concluded that

z

zt
ρgφ + ρgsρc

VLp

pL + p
  + ∇ · −

ρgk
μg

1 +
b

p
 ∇p  � 0.

(4)

Formula (4) is the equation of gas seepage field in gas-
bearing coal seam.

5.1.2. Stress Field Equation. *e stress variation of coal body
is influenced by in situ stress, gas pressure, and gas ad-
sorption/desorption. *en, the stress-strain relationship of
coal satisfies.

εij �
1
2G

σij −
1
6G

−
1
9K

 σkkδij +
αp

3K
δij +

εa

3
δij. (5)

Among them,

G �
D

2
(1 + ]),

K �
E

3
(1 − 2]),

Ks �
Es

3
(1 − 2]),

α � 1 −
K

Ks

.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(6)

5.1.3. Coupling Relationship. In the process of gas extrac-
tion, the stress change and gas migration are after changing
the porosity and permeability of the coal body. Porosity and
permeability, as key parameters of gas extraction in coal
seam, are affected by deformation stress field and seepage
field of gas migration. *erefore, the porosity in coal can be
described as

φ � φ0 −
3φ0

φ0 + 3Lf /K
εLΔp

pL + Δp
− εv . (7)

According to the relationship between permeability and
porosity of coal seam, it can be concluded that

k � k0 1 −
3

φ0 + 3Lf /K
εLΔp

pL + Δp
− εv  

3

. (8)

Formulas (4)–(8) are combined to form a gas-solid
coupling model for gas extraction.*e numerical simulation
of gas extraction can be carried out by a solid mechanics
module and a PDE module in COMSOL Multiphysics
simulation software, and the effect of gas extraction in coal
seam can be analyzed.

5.2. Analysis of Gas Drainage Effect in Intake Roadway of
Panel 31020

5.2.1. Analysis of Original Extraction Scheme in Intake
Roadway of Panel 31020

(1) Physical Model and Simulation Scheme. *e original
design started from the stopping line of the gas control
roadway 20m outward, drilling a group of boreholes with
6m interval in the coal seam where the intake roadway was
located. Each group of boreholes is designed with 9 diameter
of 89mm boreholes. *e control range of boreholes is 15m
out of the two sides of the intake roadway, and the depth of
boreholes is 0.5m in the roof. *ere are 127 groups of
boreholes in the design, totaling 1524 holes. From July 8th,
2016, to May 10th, 2017, 1143 predrainage boreholes were
drilled through the gas control roadway of Panel 17220, with
a cumulative hole length of 38,290m, as shown in Figure 17.

According to the gas extraction scheme in intake
roadway of Panel 31020, the numerical calculation model is
established by COMSOL Multiphysics software, and gas
extraction effect and gas migration characteristics of intake
roadway are calculated. *e size of the model is
125m× 60m× 45m, as shown in Figure 18, and the pa-
rameters used in the simulation are shown in Table 3.

According to the FLAC3D stress analysis of the intake
roadway in Panel 31020, the stress concentration factor of
the intake roadway is 1.25. *erefore, two sets of simulation
schemes with stress concentration factor 1.00 and 1.25 are
designed so as to study the effect of stress concentration on
gas extraction. *e simulation duration is 270 days.

(2) Boundary Conditions. Borehole boundary is the negative
pressure of extraction, and the negative pressure of ex-
traction is determined by the equipment parameters and
extraction capacity of the coal mine. Because of the low
permeability of coal seam roof and floor, they are set as the
impermeable boundary. In the boundary of coal seam, the
influence range of borehole is limited, which has little in-
fluence on the result.

*e boundary conditions of the model are as follows: the
bottom of the model is a fixed boundary, the periphery is a
sliding boundary, and the boundary between coal seam and
rock seam is a gas impermeable boundary. *e top of the
model is subjected to the gravity of overburden, and the
surrounding model is subjected to the horizontal stress. *e
boundary of the extraction borehole is set as the Dirichlet
boundary condition.
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Combining with the test results of in situ stress and gas
extraction in this mine, the boundary load conditions im-
posed by the model are as follows: 22βMPa is applied on the
top of the model, 35βMPa is applied in the X direction of the
model, self-weight load is applied on both coal seam and
rock seam, and 41 kPa negative pressure is applied on the
boundary of the extraction borehole.

(3) Analysis of Simulation Results. *e Henan Provisional
Provisions for Enhancing Safety in Production of Coal
Mines in 2014 stipulates that when the gas pressure in the
coal seam is greater than 0.6MPa or the gas content in the
coal seam is greater than 6m3/t, the coal seam gas must be
predrained by protective mining or bottom (top) slate
roadway, and it is strictly forbidden to adopt local outburst
prevention measures instead of regional outburst prevention
measures. *e residual gas pressure and gas content must be
reduced to less than 0.6MPa and 6m3/t before mining.

Figure 19 shows gas pressure nephograms with different
stress coefficients. It could be seen from the graph that when
the stress coefficient is 1.0, a low gas pressure zone is formed

near the borehole after gas drainage for 270 days, and the gas
pressure in the area decreases to 0.4MPa∼0.65MPa. When
the pressure coefficient is 1.25, the gas pressure is similar to
that at 1.0.

After gas drainage for 270 days, when the stress co-
efficient is 1.00, the peak gas pressure is 0.62MPa∼0.63MPa,
which decreases by 37%∼38% compared with the initial gas
pressure. When the stress coefficient is 1.25, the peak gas
pressure is 0.63MPa∼0.64MPa, which decreases by 1.59%∼
1.61%, as shown in Figure 20.

Gas pressure around outburst point with different stress
concentration factors is shown in Figure 21. After gas
drainage for 270 days, five peak gas content points form.
When the stress coefficient was 1.00 and 1.25, the peak gas
content was 6.93m3/t to 7.00m3/t and 7.06m3/t to 7.12m3/t,
respectively. Compared with the initial gas content, the
decrease ranges were 53.58% and 52.71%, respectively.

According to the simulation results, the original ex-
traction scheme of intake roadway in Panel 31020 does not
meet the relevant requirements of outburst prevention and
control in Henan Province, as the peak gas pressure of

Ji-15th coal seamJi-16-17th coal seam
L1 limestone 

Floor roadway

Coal roadway

1 2 3 4 5 6 7 8 9

Figure 17: Layout of gas drainage borehole in intake roadway of Panel 31020.

Figure 18: Geometric model of gas drainage in intake roadway of Panel 31020.

Table 3: Parameters for simulation.

Parameter Porosity
φ0

Adsorption constant
a

Adsorption constant
b

Permeability
k0

Slippage factor
h

Modulus of elasticity
E

Poisson ratio
]

Value 0.035 26.615m3/t 0.568MPa− 1 0.018mD 0.76MPa 3.75GPa 0.25
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Figure 19: Gas pressure nephograms with different stress coefficients.
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Figure 20: Gas pressure distribution around outburst points with different stress coefficient.
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Figure 21: Gas pressure distribution around outburst point with different content coefficient.
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0.63MPa and 0.64MPa are higher than the required index of
0.6MPa, and the peak gas content of 7.00m3/t and 7.12m3/t
are higher than the required index of 6m3/t.

5.2.2. Analysis of Second Gas Drainage in Intake Roadway

(1) Filling Scheme. On the basis of the original model, a group
of 6 boreholes of diameter 89mm are drilled every 12m.*e
gas extraction with extra boreholes is simulated for further
180 days on the basis of the original simulation. According
to the simulation results, the stress concentration factor has a
great influence on the effect of gas drainage. In order to
simulate the engineering reality and simplify the simulation
process, only one group of gas drainage scheme with stress
concentration factor of 1.25 are set up in the simulation
scheme.*e gas drainage after secondary borehole drilling is
analyzed when the stress concentration factor is 1.25. *e
boundary conditions are the same as the original boundary
conditions, and the borehole boundary after extra holes is set
as the Dirichlet boundary condition, and the negative
pressure of extraction is applied.

(2) Analysis of Simulation Results. Figure 22 shows gas
pressure nephogram after second drainage. After gas
drainaging for further 180 days, a distinct low-pressure area
is formed in the simulated area, and the gas pressure de-
creased to 0.1MPa∼0.5MPa, which was 23%∼75% lower
than that of the original simulation scheme. At this time,
eight peak gas pressure points are formed around the stress
concentrated outburst point, and the pressure values are
0.39MPa∼0.51MPa (as shown in Figure 23). Compared with
the original simulation scheme, the peak gas pressure de-
creases by 20.31%∼38.1%. *e gas pressure can meet the
requirements of outburst prevention and control in Henan
Province, China.

Distribution of gas content around stress coefficient
outburst point is shown in Figure 24. After gas drainaging
for 180 days, the peak gas content is from 4.86m3/t to
5.14m3/t, which is 31.16% lower than that of the original
simulation scheme. *e gas content can satisfy the qualified
index that the residual gas content should not exceed 6m3/t
in Henan Province, China.

5.2.3. Validity of the ProposedMeasures in Intake Roadway of
Panel 31020. A group of test boreholes are drilled every
50m from the opening of the intake roadway. *ere are 10
groups with 2 holes in each group at 75mm diameter.
Residual gas content and residual gas pressure are measured
in each hole. *e results of gas pressure and gas content in
intake roadway of Panel 31020 are shown in Table 4 and
Figures 25 and 26.

After supplementary drilling, the residual gas pressure
decreases to 0.25MPa∼0.5MPa, less than 0.6MPa, and the
residual gas content decreases to 4.1869m3/t∼5.6859m3/t,
less than 6m3/t, which conforms to the relevant regula-
tions of Henan Province. It shows that the measures are
effective.

5.3. Analysis of Gas Drainage Effect in Intake Roadway of
Panel 17220

5.3.1. Simulation Scheme. According to the gas extraction
scheme in intake roadway of Panel 31020, the numerical
model is established by COMSOL Multiphysics software,
and gas extraction effect and gas migration characteristics of
intake roadway are studied. *e size of the model is
100m× 150m× 3.3m, as shown in Figure 27, and the
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Figure 22: Gas pressure nephogram after second drainage.
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Figure 23: Gas pressure around outburst point.
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Figure 24: Distribution of gas content around outburst point.
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Table 4: Gas pressure and gas content in inlet roadway of Panel 31020.

Drilling position Drilling number Measuring point
depth (m)

Measuring point
elevation (m)

Peak pressure
(MPa)

Gas content
(m3·t− 1)

50m inward opening of low control roadway 1 904 − 654 0.30 5.0667
2 904 − 654 0.35 4.7032

100m inward opening of low control roadway 3 906 − 656 0.25 4.8338
4 906 − 656 0.30 4.1869

150m inward opening of low control roadway 5 909 − 659 0.40 5.4853
6 909 − 659 0.50 4.7330

200m inward opening of low control roadway 7 910 − 660 0.35 4.8716
8 910 − 660 0.30 5.2290

250m inward opening of low control roadway 9 911 − 661 0.30 5.0219
10 911 − 661 0.40 5.6859

300m inward opening of low control roadway 11 913 − 663 0.45 4.5965
12 913 − 663 0.40 4.3454

350m inward opening of low control roadway 13 915 − 665 0.30 5.1005
14 915 − 665 0.30 4.8301

400m inward opening of low control roadway 15 918 − 668 0.40 5.0038
16 918 − 668 0.50 4.9156

450m inward opening of low control roadway 17 918 − 668 0.30 5.2622
18 918 − 668 0.40 5.0408

500m inward opening of low control roadway 19 920 − 670 0.30 5.2569
20 920 − 670 0.35 5.1177
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Figure 25: Gas pressure of inlet roadway in Panel 31020.
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Figure 26: Gas contents of inlet lane in Panel 31020.
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parameters used in the simulation are shown in Table 5.
According to the stress analysis results of the Panel 17220,
the stress concentration factor of the panel is 2.53.*erefore,
the simulated condition is 2.53 and the extraction time is 180
days.

5.3.2. Boundary Conditions. *e boundary conditions of the
model are as follows: *e bottom of the model is a fixed
boundary, the periphery is a sliding boundary, and the
boundary between coal seam and rock seam is a gas im-
permeable boundary.*e top of themodel is subjected to the
gravity of the overburden rock, and the surrounding rock is
subjected to the horizontal stress. *e boundary of the
extraction borehole is set as the Dirichlet boundary
condition.

Combining with the test results of in situ stress and gas
extraction, the boundary loading conditions imposed by the
model are as follows: 18.25βMPa on the top of the model,
35βMPa on the lateral load in the X direction of the model,
self-weight load on both coal seam and rock strata, and
41 kPa negative pressure on the boundary of the extraction
borehole.

5.3.3. Analysis of Simulation Results. According to the
relevant regulations of coal and gas outburst prevention and
control in Henan Province, the residual gas pressure of coal
seam after gas extraction should not exceed 0.6MPa, and the
residual gas content shall not exceed 6m3/t. Figure 28 shows
the gas pressure after extraction for 180 days. When a low
gas pressure area is formed near the borehole after gas
extraction for 180 days, the gas pressure in the gas extraction
covered area is reduced to 0.4MPa∼0.55MPa.

5.3.4. Analysis of Simulation Results. Figure 28 shows the gas
pressure after extraction for 180 days. A low gas pressure
area is formed near the borehole after gas extraction for 180

days, the gas pressure in the gas extraction covered area is
reduced to 0.4MPa∼0.55MPa.

Figure 29 shows the distribution of gas pressure in the
drainage area. After 180 days of supplementary gas drainage,
a distinct low-pressure area is formed in the simulated area.
*e gas pressure decreases to 0.1MPa∼0.42MPa, which is
84%∼96% lower than that of the original simulation scheme.

At this time, 18 peak gas pressure points are formed
before and after the stress concentration outburst point, and
the pressure is 0.42MPa. Compared with the original
simulation scheme, the gas pressure decreases by 96%. Gas
pressure meets the relevant regulations of outburst pre-
vention and control. *e distribution curve of gas content in
the drainage area is shown in Figure 30. After gas extraction
for 180 days, the gas content is 5.15m3/t, which is 64.58%
lower than that of the original simulation scheme. *e gas
contents meet the relevant regulations of coal and gas
outburst prevention and control.

According to the simulation results, after 180 days of
gas extraction, the gas pressure is 0.42MPa, which meets
the qualified index of 0.6MPa, and the gas content is
5.15m3/t, which meets the qualified index of 6m3/t.
*erefore, the gas pressure and contents after second gas

z
xy

Figure 27: Geometric model of gas drainage in intake roadway of Panel 17220.

Table 5: Parameters for simulation.

Parameter Porosity
φ0

Adsorption constant
a

Adsorption constant
b

Permeability
k0

Slippage factor
h

Modulus of elasticity
E

Poisson ratio
]

Value 0.0282 35.597m3/t 0.406MPa− 1 0.018mD 0.76MPa 3.75GPa 0.25
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Figure 28: Gas pressure nephogram of coefficient after extraction
for 180 days.
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extraction meet the relevant provisions of coal and gas
outburst prevention and control, and achieve the expected
effect.

6. Conclusion

Relevant factors of Panel 31020 are listed below:

(1) Panel 31020 is located in the outburst dangerous area
predicted by gas geological map.

(2) Structure has a controlling effect on the occurrence
of coal and rock outburst.

(3) Panel 31020 is located in normal stress area, and
there is no obvious stress concentration phenome-
non under natural geological conditions.

(4) *e outburst risk probability of Panel 31020 is 0.95,
which is high outburst risk.

(5) *e stress concentration coefficient of the panel is
2.27–2.35, the stress concentration coefficient of
intake roadway is 1.23–1.25, and the stress con-
centration coefficient of return roadway is 1.86–1.95.

(6) After second gas extraction, the gas pressure is
0.51MPa and the gas contents is 5.14m3/t. *e gas

pressure and gas contents meet the relevant re-
quirements of coal and gas outburst prevention and
control.

A coal and gas outburst occurred on November 25th,
2017, and Panel 31020 has not being mined at present.

Relevant factors of Panel 17220 are listed below:

(1) Panel 17220 is located in the outburst dangerous area
predicted by gas geological map.

(2) Structure has little effect on the occurrence of coal
and rock outburst.

(3) Panel 17220 is located in normal stress area, and
there is no obvious stress concentration phenome-
non under natural geological conditions.

(4) *e outburst risk probability of Panel 17220 is 0.90 to
0.95, which is high outburst risk.

(5) *e stress concentration factor of Panel 17220 is
2.37–2.53, the stress concentration factor of intake
roadway is 1.20, and the stress concentration factor
of return roadway is 2.08–2.14, which increases the
risk of dynamic disasters such as coal and gas
outburst.

(6) After adopting the measures of gas drainage, the gas
pressure value is 0.42MPa, the gas contents value is
5.15m3/t, and the gas pressure and gas contents
reach the coal and gas outburst prevention and
control.

(7) Panel 17220 has been safely recovered.

By comparing with the correlative factors of dynamic
disasters between Panel 31020 and Panel 17220, the two
panels have the same results in five correlative factors, such
as gas geological conditions, stress conditions, risk prob-
ability conditions, mining conditions, and risk-control
measures. Only the structural conditions are different,
which indicates that the structural conditions are impor-
tant correlation factors to coal and gas outburst.

Nomenclature

m: Gas mass per unit volume
t: Time
▽: Hamiltonian operator
p: Gas density
u: Gas migration velocity in fissures
Q: Source term
φ: *e porosity of coal body
ρgs: *e gas density under standard condition
ρc: *e density of coal
VL: *e Langmuir volume constant
P: *e gas pressure of coal seam
pL: *e Langmuir pressure constant
k: *e permeability of coal
μg: *e dynamic viscosity of gas
b: *e Klingberg factor
εij: *e strain of coal
σij: *e stress of coal
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Figure 29: Distribution of gas pressure in the drainage area.
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Figure 30: Distribution of gas content in the area covered by
extraction.
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δij: *e Kronecker factor
G: Shear modulus of coal
D: *e equivalent elastic modulus of coal
Es: *e elastic modulus of coal
Lf: *e improved fracture stiffness of coal
K: *e bulk modulus of coal
Ks: *e bulk modulus of coal
E: *e elastic modulus of coal
v: Poisson’s ratio of coal
α: *e Biot effective stress coefficient
εa: *e gas adsorption strain of coal skeleton
φ0: *e initial porosity of coal
εL: *e Langmuir strain constant
∆p: *e variation of gas pressure in coal seam
k0: *e initial fracture permeability
β: *e stress concentration factor.
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