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Abstract In this study, we systematically studied the
occurrence regularity of in situ stress in the Pingdingshan
mine. The critical criterion model of coal-rock
destabilization was established based on the theoretical
framework of fracture mechanics. Furthermore, we
analyzed the coupling destabilization mechanism of in situ
stress and gas and studied the influence of the variation
between original rock stress and mining-induced stress on
the critical criterion. Through field experiments and
applications, we established a three-dimensional gas
drainage technology system for areas with a large mining
height and long work face. Based on our research, a
demonstration project was developed for deep mine
dynamic disaster control. The technical system included
the arrangement and optimization of pre-drainage holes
along the coal seam, technology, and optimization of gas
drainage through the bottom drainage tunnel and upper
corner, gas drainage technology through sieve tubes, and a
two plugging with one injection under pressure sealing
technology. The implementation of the demonstration
project effectively reduced the gas content and pressure of
the coal seam in the deep mine, and the project increased
the critical strength of the instability and failure of coal and
rock.
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1 Introduction

Currently, two mining modes exist in coal mine
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production, open-pit mining and well mining. Most coal
mines in coal seams are underground mines. Owing to the
increasing demand for coal resources, both mining depth
and mining intensity have been increased. Consequently,
the geological conditions of a coal seam have become
increasingly complex, leading to the frequent occurrence
of coal and rock dynamic disasters (Zhang, 2015; Liu
etal., 2022). Gas disaster is an important factor that
restricts the safe and efficient production of a mine. The
in situ stress, gas pressure, and ground temperature in the
coal seam increase with increasing mining depth. The
current mining depth of the Pingdingshan mining area is
800 m, and is associated with high gas content, low gas
permeability, and high outburst risk. Mine geological
conditions, gas occurrence conditions, and coal mining
technologies have changed with the development of deep
mining. With the increase in mining depth from —400 m
to =800 m in the Pingdingshan mining area, the gas
pressure of the coal seam has increased from 1.67 MPa to
2.45 MPa, and the gas content of the coal seam has
increased from 11.56 m3/t to 27.2 m3/t. A positive
correlation is observed between the gas pressure and the
buried depth (Zhang et al., 2019).

The rise of coal seam gas pressure and content
increases the risk of coal and gas outburst. Coal and rock
dynamic disasters are multi-factor, coupled disaster
phenomena with high gas pressure, high in situ stress, and
low permeability of coal and rock. Some researchers have
conducted in-depth studies on dynamic disasters in deep
coal mining. Qi et al. (2018) proposed the idea of multi-
scale and multi-source prevention and control of dynamic
disasters in deep coal mining. They proposed that the
prevention and control of dynamic disasters in coal mines
mainly adopted the joint region-local prevention and
control method of upper and lower wells, and that the
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main control factor was the gas source. Li et al. (2020)
studied the efficient mining technology system of coal
and gas outburst and proposed a variety of coal and gas
co-mining modes. Zhuetal. (2017) analyzed the
influencing factors of coal mine dynamic disasters and
classified dynamic disasters based on the energy release.
Long and large mining height work face mining
technology was adopted in the deep mining area of
Pingdingshan. This high-intensity mining technology
made the mechanism of coal-rock dynamic disaster more
complicated, and negatively impacted the safety and
efficient production of the coal mine. In this study, we
examined the coal and rock instability failure mechanism
involving gas pressure for deep mines and large mining
height work faces, demonstrated a proposed technology
for coal and rock dynamic disaster prevention and
control, and described the control effect.

2 Study area overview

The Pingdingshan mining area is greatly influenced by
geological structure, and the coal seam fluctuates,
indicating that the spatial distribution states of multiple
anticlines and synclines are interactively connected. The
stress concentration area is large, and the stress
distribution of the entire coalfield is not uniform. The first
coal and gas outburst accident in the Pingdingshan
mining area occurred in 1984, with 157 incidents in total.
The average amount of coal outburst and gas emission
per incident is 117.2 ton and 8633.6 m3, respectively.
With the increased demand for mineral resources, deep
mining has been initiated in the Shoushan and No. 12
mines in the Pingdingshan mining area. The gas pressure
and content in the coal seam has increased owing to the
gradual deterioration of coal mining geological conditions
and the work environment under deep mining.
Consequently, dynamic coal and gas outburst disasters in
the mines have become increasingly severe. These factors
create new challenges and requirements for dynamic coal
mine disaster prevention and control (Whittaker et al.,
1992).

3 Fracture regularity and influencing
factors of deep rock mass

Under deep mining conditions, the coal and rock mass are
subjected to an environment with high in situ stress, gas
pressure, and stress disturbance. Although deep coal and
rock are subjected to high in situ stress, the mining
process follows the spatial stress variation influenced by
mining. Current studies show that an increase in mining
depth leads to the coal body reaching the initial strength
and plastic limit due to its low strength and stiffness,
leading to brittle-plastic transformation. The coal body is
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prone to chip, impact, and large plastic deformation under
mining action (Xie etal., 2015). Furthermore, internal
cracks continue to develop in the rock mass due to in situ
stress and deep mining-induced stress, and its mechanical
and seepage characteristics are important with regard to
deep roadway excavation, support, and stability control
(Zhang and Song, 2020). Therefore, establishing the
failure criterion based on high in situ stress, which is
caused by mining-induced fracture development in coal
and rock mass under deep mining conditions, is necessary
in deep mining.

3.1 Instability failure criterion of deep rock mass

The development of rock fractures is exacerbated by high
in situ stress and strong mining disturbance during deep
mining, and rock mass fracturing and swelling occur
frequently. According to the fracture toughness theory of
elastic-brittle materials, mining-induced fractures in rock
mass mainly undergo slip failure (Deng etal., 2012).
According to the condition of mining-induced fracture
propagation, the stress intensity factor reaches the critical
state |Kyr| = K., where Ky is the fracture toughness of
type II cracks, and is the material characteristic constant.
According to the maximum circumferential theory,
Kie/Kic = V3/2, Ky is the fracture toughness of type I
cracks, and is the material constant that can be measured
experimentally. The calculation formula of Ky can be
expressed as follows:

Kite = % [sin28— (1 - cos28)] Vra. (1)

Critical load p; = 0. The fracture ability of roof and
floor rock in the coal seam is k¢ = o mra when coupled
with Eq. (1):

o = 2K
cr — . )
sin2B — f (1 —cos2p)

2

where fis the friction coefficient on the crack surface, 8
is the angle of the micro-crack (the angle between the
crack and the vertical direction) and k., is the function of f
and G. It is assumed that the frictional properties of cracks
are uniformly distributed, that is, f'is constant. According
to the above analysis, 8 can be used as an independent
variable to study k. by changing the inclination angle of
the fracture (90°—p) and analyzing the evolution of k.
From 0°to 90°, k., has a minimum value and two infinite
asymptotic values denoted as kcrmin, and the inclination
angle of the fracture at this time is B.. This fracture is the
priority fracture under true triaxial mining-induced stress
(Zhang et al., 1998; Gongetal., 2014; Liuetal., 2018;
Lu, 2018). When k¢, reaches a minimum value:

Oker _4Kiic (cos2B - fsinp)

0B [sin28-f(1 - c0s2,8)]2 B

)
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Therefore, Eq. (3) shows cos28 — fsin8 = 0.

. 1 |
Solution of the 8. = =tan™! —, sin28 =

1
, 08283 =
; 2 f Vi+72
, substituting it into k., obtains:
V1+f?
2K
o= —— @)
Vit f2-f

Equation (4) can be expressed as:
kcrzzKHC(Vl"'fz"'f)- (5)

Currently, the critical stress is o:

2Kne (V1+ 2+ f)

o= : (6)

Vra

According to the maximum circumferential theory,
Eq. (6) can be transformed into the expression of fracture
toughness Kj. of type I cracks. As shown below, the K.
of the in situ rock mass can be measured by experiments:

V3K (VT 7+ 1)

Oc = 7
¢ N )
The American Society for Testing Materials

specification has put forward a formula for the
determination of type I fracture toughness using a three-
point bending test (Srawley and Brown, 1965; ASTM,
1983; Cao, 2009):
)
275

(2 )-5) ®)

In 2014, the International Society of Rock Mechanics
proposed the “Test Method for Fracture Toughness of
Central slotted Three-point bending Semi-disk Specimens
(SCB method)” (Maetal., 2019). Compared to other
methods, the SCB method requires smaller specimens and
can be easily implemented on site. The experiment can be
performed easily and is an ideal method for testing rock
fracture toughness. The following calculation formula can
be applied if the SCB test method is adopted (Kuruppu
etal., 2014):

ch

2BW

3PS
w
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where Ki. is type I fracture toughness; Ppax is the load

Ky = ©
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when the sample was broken; B is the thickness of the
sample; S is the distance between two ends; a is the
length of manual cutting groove R is the radius of SCB

sample; Y’ = —1297+9516( ) [O47+16457(2R)]ﬁ+

1.071+34.401 (%)]ﬁz; B=a/R.

The critical stress state of rock mass, o, represents the
critical stress of rock mass instability and failure under
mining action. When the stress exceeds o, the rock mass
can be elastic-brittle damaged, resulting in dynamic load
before the induction of dynamic disaster.

3.2 Deviatoric stress criterion for instability failure of deep
coal

Deep mining under high stress conditions increases the
likelihood of coal and gas outburst and other dynamic
disasters. In a previous study, we conducted a long-term
systematic investigation of the in sifu stress in the
Pingdingshan mining area (Tian et al., 2008). The results
showed that the maximum principal stress in the area is
close to the horizontal state. The ratio of the maximum
horizontal principal stress, oy, to the vertical principal
stress, o, ranges from 1.6 to 2.8, and the average
volumetric weight of the overlying strata is y=25 kN/m3.
Below 1000 m, the maximum principal stress reaches
40-50 MPa and the local high stress area exceeds 60 MPa.
The direction of oy is mainly NE-SW.

The minimum principal stress, oy, is close to the
horizontal direction, and the difference between the two
principal stresses in the horizontal direction is large.
Comparisons between the maximum and minimum
horizontal principal stresses of some test points are shown
in Table 1. The uneven distribution of in situ stress
subjects the underground coal and rock to bias pressure,
which poses a major threat to mining activities.

Because the cracking failure of type Il fractures in coal
and rock mass is mainly related to the deviatoric stress of
coal and rock mass, the stress intensity factor of type II
fracture can be obtained by considering the spherical

L oH—O
stress and the deviatoric stress, 7 ( H h), and gas

pressure, P:

Ky = [r— f(P-Po)] Vna,
Ky = [O—Hz Th _ f(P~Py)| Vma, (10)
KH_[O'H Oh f(0'H+O:;h+0'V_PO) \/ﬁ

Thus, the critical criterion of elastic-brittle failure of

Table 1 Ratio of maximum and minimum horizontal principal stresses of some measuring points in Pingdingshan mining area

Point 1 2 3 4 5

6 7 8 9 10 11

oH/on 1.93 1.82 1.88 1.90

1.74 1.70 2.04 1.60 1.42 1.88
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rock mass under in situ stress can be expressed as

follows:
GH;Uh_f(UH+Zh+Uv_fbﬂ(/1+f2+f,
(11)

The gradient of gas pressure development from the
shallow to deep stratum (increasing gas pressure per
meter) is generally 0.01 = 0.005 and the temporary value
is 0.005 in this study (Kang, 2013). This gas pressure
gradient is close to the gas occurrence state in the
Pingdingshan mining area. According to this gas pressure
gradient, the gas pressure reached approximately 4 MPa
at a depth of 800 m. With the value of f being constant at
0.5, the unstable failure of different deep coal and rock
mass was analyzed according to Eq. (10). Figure 1 shows
the distribution of in situ stress at different depths and the
variation in critical criterion of deviatoric stress of coal
and rock instability failure along different mining depths.

Based on the linear fitting of the data in Fig. 1, the
variation in maximum horizontal principal stress,
minimum horizontal principal stress, and vertical
principal stress with depth can be obtained as is shown in
equations below:

0'C=2[

oy =4.89x+0.04, R?2 =0.99
o =2.76x+0.69, R2=0.98 .
oy =2.69x+0.01, R =0.99

(12)

33
mass

Influence of mining stress on critical criterion of rock

The stress field of the original rock in the work face
changed with the advance of the work face. The stress in
the coal and rock mass changed dynamically, causing the
stress concentration area of the coal body to move in front
of the work face, while the direction of the goaf presented
the pressure relief area. According to the results of
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previous studies, the mining stress in the coal body in
front of the mining face increased to 2-5 times the
original rock stress and the pressure relief coefficient, 4
1= IM), of the roof and floor pressure relief
initial

zone of the goaf reduced to 0.4. Figure 2 shows the
schematic diagram of mining stress distribution in the
mining face. In the Figure, k, and k, are the stress
concentration coefficients (coefficients with values larger
than 1) on the work face and H is the buried depth of the
coal seam. y is the average bulk density of the overlying
strata of the coal seam, s, and s, are the position
parameters of the peak of abutment pressure in the
working face, 4 is the stress state of a certain rock mass in
the surrounding rock and the vertical distance from the
coal seam floor, and b is the horizontal distance from the
coal wall of the working face. The stress state of a point
in the coal floor is affected by the buried depth and the
abutment pressure distribution of the coal wall in the
work face (Fig. 2).

According to the analysis shown in Fig. 2, the origin of
coordinates is located in the upper strata of the coal wall,
with the x axis in the vertical direction and the y axis in
the horizontal direction. To study the distribution of the
stress field in the coal seam of the working face and floor
surrounding the rock mass, the micro-element, d¢, is
taken at a distance ¢ from the origin, and the stress of this
micro-element body is gdé. The analytical formula of the
stress component at M (h,b) points of the floor
surrounding the rock mass is as follows (Zhang et al.,
2008):

3
dor, = 299 h - (13)
T |-
2
do_y - _ zqdé: h(b _é:) (14)

T Ree-0]

Vertical
principal =
stress

Stress criticality criterion

48.94

44.05

2
f

-9.28
—-10.70
—12.02
—13.34
—14.66

Fig. 1 Critical criterion of in situ stress and stress at different depths.
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Fig. 2 Stress field analysis of surrounding rock.

2qde K(b-¢)
T -9

Txy =

(15)

where o, is the vertical stress at point M; oy is the
horizontal stress at point M; 7,y is the shear stress at point
M.

By substituting the results calculated in Egs. (13—15)
into Eq. (12), the critical criterion of coal and rock mass
instability under mining stress can also be obtained,
which cannot be repeated here. The work face mining
stress concentration on the influence of critical stress
index under constant gas pressure is shown in Fig. 3. The
coal and rock in front of the work face occurred the stress
concentration and the vertical stress increased by the
initial stress state to mining stress. The critical instability
and failure of coal and rock stress improved as well, and
the curve slope showed a value of 11.61.

The mining pressure relief zone was located at a certain
distance behind the coal wall of the work face. Figure 4
shows the influence of the pressure relief coefficient of
coal and rock mass on critical stress. Its slope is 13.78,
which is larger than that of the relation curve between the
stress concentration coefficient and the critical pressure.
This shows that the pressure relief of the coal and rock
mass has a major influence on the stability of coal and
rock mass. The fracture of coal and rock mass first
appeared in the pressure relief area.
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Fig.3 Relationship between the stress concentration coefficient and
critical stress in the working face.
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Fig. 4 Relationship between mining pressure relief and critical stress.
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Influence of gas pressure on critical criterion of coal

The critical failure strength of coal and rock mass is
greatly affected by gas pressure, and the existence of gas
pressure exacerbates its weakening. Taking the depth of
800 m as an example, the maximum and minimum
principal stresses at this depth are 39.16 and 21.53 MPa,
respectively. Under these stress conditions, the stress
values decrease as gas pressure increases. Figure 5 shows
the deterioration of the failure criterion of coal and rock
mass with the increase in gas pressure at 800 m.
According to the analysis shown in Fig. 5, when the gas
pressure is zero, the failure criterion of coal and rock
mass is 18.49 MPa, while the actual gas pressure is
4 MPa. When the failure criterion of coal and rock mass
becomes 12.02 MPa, resulting in 35% strength
deterioration. Gas pressure is very unfavorable to coal
and rock mass stability. The increase in pore pressure
could enhance shear sliding in the brittle regime and
promote shear fracture development, which could
accelerate damage. As bedding and cleats exist in coal,
fractures tend to propagate along and then penetrate the
bedding plane, which eventually accelerates fracture
propagation along the bedding direction from the fracture
tip until tensile damage occurs.
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Fig.5 Deterioration of failure criterion with the increase in gas
pressure.
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Gas pressure on the depth of different critical strength
of coal and rock is shown in Fig. 6. The influence of
different depths on the gas pressure gradient change
depends upon the gas, with other conditions being the
same as those mentioned above. The contrast curve is
calculated under a gas pressure of 0.5 MPa. The coal and
rock strength in the low gas pressure area are much
higher than those in the high gas pressure area. The effect
of gas pressure on the strength deterioration of coal and
rock mass increases linearly with depth.

The higher the gas pressure, the easier it is to produce
instability failure in coal and rock masses at different
depths. Therefore, to ensure safe and efficient mining of
deep well and high outburst coal seams, effective
measures must be taken to reduce the occurrence of
dynamic disasters by reducing gas pressure and
improving the strength of coal and rock mass.

4 Three-dimension gas extraction
technology of deep mining coal seam

Considering the influence of mining stress and coal seam
gas pressure on the critical stress criterion of rock mass,
the gas disaster management under deep mining
conditions should ensure the strength of rock mass and
reduce the gas pressure to the farthest possible extent.
Taking the deep mining face of Shoushan No. 1 Mine
in the Pingdingshan mining area as the focus of this
study, and in view of the large buried depth of the fully
mechanized work face, 12090, we set the location of the
pumping roadway and distribution of pumping drilling
holes based on the failure criterion of the coal and rock
mass. The mining strike length of the work face 12090
was set to 1536 m, the mining length to 256 m, and the
mining height to 6 m. The gas pressure and content in the
coal seam is high owing to the influence of factors such
as the large depth of the coal seam and its complex
geological structure. The maximum measured original gas
content of the coal seam in the work face is 10.46 m3/t.

24 o Actual gas pressure Gas pressure 0.5
2 on site MPa
20
s 18
= 16
=5 °
g 14 =
512 .
—_— &
5 10 R
£ 8 °
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2
0
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Depth/m

Fig. 6 Deterioration of coal and rock mass strength in different depth
by gas pressure.
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Based on the critical stress of roadway surrounding rock
failure, we proposed and optimized the comprehen-
sive gas control technology of “one side and multiple
lanes”, optimized the layout parameters, and determined
the effective extraction radius of gas pre-drainage
boreholes. Additionally, we optimized the pressure relief
gas drainage technology based on a high drainage
roadway and investigated the drainage effect. Moreover,
field tests were conducted on the devolved screen pipe
gas extraction technology using a two plugging and one
injection with pressure sealing process. The correspond-
ing construction method was optimized. Thus, the
extraction technology for a large mining height and long
face of a coal seam gas system and the deep mine
dynamic disaster management project were established.
This effectively reduced the coalbed gas content and
pressure, increased the instability and failure of coal and
rock critical strength, and reduced the dynamic disaster
risk, which played an essential role in solving the
corresponding problems of other mines.

4.1 One side multilane gas area management project layout

The present study focused on the Shoushan No. 1 mine
located in the east section of the Pingdingshan mining
area. The main structure of the well field is a wide and
gentle anticline known as the Baishishan anticline. The
stratigraphic strike is generally 290°-320°. Fourteen
faults have been identified in the mine field, most of
which are located in the west. The other areas have few
faults, of which only one normal and one reverse fault are
developed near the Baishishan anticline axis to the east of
the mine field. Further, a preliminary geological report
predicted that the No. 2 and No. 3 coal seams possess an
outburst danger.

In the Shoushan mine, the traditional one side and four
lanes are used for gas regional control in the early stage.
The mine is 150 m long and comprises 2 coal and 2 rock
lanes. There are frequent replacements in the work place.
Although the problems of regional outburst prevention
are solved preliminarily, mining height, and working face
length also increased with mining depth, which caused
the coal seam gas content to increase. The original gas
treatment method is not effective for the gas treatment of
the ultra-long work face.

After a long and systematic study, the coal seam gas
control technology of one side with seven lanes was put
forward considering the deep large mining height face of
Shoushan No. 1 mine as the specific engineering
background. The traditional roadway arrangement of the
mining face consisted of an air inlet lane and air return
lane. In some coal mines, the mining face has a middle
coal roadway arrangement. Based on the original design,
this study added a gas drainage lane for the air,
transportation, and medium coal roadways. The gas
drainage lane and medium coal roadway doubled as the
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air inlet lane. The gas in the corner of the deep mining
face and the gas in the goaf substantially affect the
progress of the working face; therefore, the high drainage
roadway was designed and optimized to efficiently drain
the gas in the upper corner and the goaf. Through the
optimized layout of the roadway mentioned above, a
three-dimensional pumping system of one side and seven

707

lanes was created (Fig. 7). The mining face of the
Shoushan mine is a single, large, long coal mining face
with outbursts in the deep area. Using a stereo extraction
technology with seven lanes on the mountain improved
the shortage problems of excavating and taking over, and
shortened the time of gas extraction from the coal seam,
which made the gas content of the coal seam fall below
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the critical value. This eliminated the outburst risk of the
coal seam and guaranteed the safety of underground
production.

4.2 Principle of three-dimensional gas extraction in a deep
mining face

With the aim of controlling gas in the outburst coal work
face in the deep area, we studied and implemented the
multi-source gas three-dimensional extraction technology.
The stereoscopic gas extraction technology of drilling
pre-drainage through strata in low drainage roadway-
pressure relief and closure drainage, drilling pre-drainage
along strata-pressure relief and enhanced drainage, and
closed drainage in high drainage roadways was
established. Additionally, a comprehensive anti-outburst
gas extraction system for work faces with dangerous
outbursts in deep mines has been developed. The
comprehensive pipeline system for stereoscopic gas
extraction is shown in Fig. 8.

4.3 Application of three-dimension gas extraction
technology in deep mining faces

To study the effect of coal seam gas extraction, we
studied the gas extraction rate of pre-drainage boreholes.
The influencing factors of gas extraction rate include the
gas permeability of the coal seam, initial extraction
amount of a 100 m borehole, attenuation coefficient of
gas extraction from the borehole, density of the borehole,
depth of the borehole, and the original gas content of the

To power station phase [<—_ 1} |-
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coal body. Taking the above factors into consideration,
the gas pre-drainage rate of a borehole is defined as
follows (Yan, 2010):

[ 144900 (1-¢7") /8| Ly
W()(L() —dl)M() ‘r-z

m= , (16)
where 7, is the borehole gas extraction rate, %; ¢, is the
initial extraction volume of a 100-m borehole,
m3/min.hm; S is the attenuation coefficient of the
borehole gas extraction, d!; ¢ is the mean borehole
extraction time, d; L, is the average hole depth of drilling,
m; W, is the original gas content of the coal, m%/t; L is
the working face strikes length, m; d, is the equivalent
width of road pre-drainage gas, m; M, is the coal
thickness, m; r is the density of the coal, t/m?; and z is the
distance between extraction holes, m.

We determined the target residual gas content index to
be 6 m3/t in the measurement of coal seam gas pre-
drainage in work face 12090. The measured original coal
seam gas content in the test area was found to be
9.59 m3/t and the gas pre-drainage rate reached 37.4%.
Four groups of boreholes with different spacings were
drilled into the work face. Based on the monitoring data,
the relationship between the pre-pumping rate and the
pumping time were obtained as shown in Fig. 9.

The technical index of work face 12090 was
determined through field testing and research. Following
the application of this technology, when the hole spacing
was 1.6 m and the negative pressure was 13—-16 kPa, the
extraction time could reach the standard in approximately
8087 days.
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group.

To test the control effect of excess gas in the upper
corner, the gas concentration in the upper corner of work
face 12090 was monitored during the pumping period of
the high-pumping roadway. The monitoring results are
shown in Fig. 10. During the pumping period, the gas
concentration in the upper corner was stable at
0.04%—0.33% without local excess, meeting gas control
requirements for the work face corner.

To test the technical effect of the bottom drainage
roadway, a group of boreholes within the bottom gas
extraction lane were selected. In the gas drainage
boreholes with different horizontal distances from the
bottom, a flowmeter was installed to study the change in
gas concentration over time (Fig. 11). Figure 12 shows
the wvariation in gas concentration with different
horizontal distances of 0, 20, and 30 m extraction from
drilling.
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Fig. 10 Gas concentration in the upper corner of high drainage
roadway during drainage.

Under the mining stress action, the drainage effect of
the pre-drainage borehole in the bottom drainage roadway
was remarkable. The gas drainage concentration of the
borehole through the layer in the bottom drainage
roadway reached stability in approximately 10 days under
different horizontal distances. In the early stage of
extraction, the gas concentration in boreholes at horizon-
tal distances of 0, 20, and 30 m was 65%, 44%, and 40%,
respectively. After 20 days, the gas concentration
decreased to 20%, 10%, and 6%, respectively. After
30 days, the gas concentration decreased to 9%, 4%, and
2%, respectively. Under the influence of pressure relief in
roadway excavation, the evolution of borehole gas
concentration showed that the closer the borehole was to
the floor roadway, the greater the extraction effect was.
To examine the influence of different distances on the gas
pressure in the coal seam, pressure measuring holes were

-

At the end of
drainage

DR

Layout of gas drainage borehole in the bottom drainage roadway.
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arranged in the special gas extraction lane of the floor,
with 3 holes in each group and an intra-group spacing of
13 m. The inter-group spacing was 40 m and the bore
diameter was 89 mm, as shown in Fig. 13.

To test the effect of gas pressure reduction in the coal
seam, three groups of pressure-measuring boreholes were
selected and the horizontal distances between the middle
part and the bottom pumping roadway were 0, 20, and
30 m. The variation in gas pressure and residual gas
pressure in the manometric borehole is shown in Fig. 14.

A Drainage holes —

—

the endof
drainage

(b)

Fig. 13 Schematic diagram of pressure tap arrangement. (a) Layout of
manometric borehole. (b) Layout plan of manometric borehole section.
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Fig. 14 Change in gas pressure in the coal seam over time in the pre-
drainage area. (a) Change in gas pressure in borehole at 0 m horizontal
distance with time. (b) Change in gas pressure with time at 20 m
horizontal distance. (¢) Change in gas pressure with time at 30 m
horizontal distance.

Through the analysis of gas pressure monitoring data,
the gas pressure of the coal seam at 0 m distance reached
a stable peak of 3.3 MPa after 9 days. Following network
drainage, the gas pressure gradually decreased to 2.4 MPa
after 10-day drainage, 1.2 MPa after 20-day drainage,
0.74 MPa after 25-day drainage, and to a stable state of
0.4 MPa after 34-day drainage. This value was regarded
as the residual gas pressure.

The gas pressure of the coal seam at 20 m reached a
stable value of 0.6 MPa (residual gas pressure) after 50-
day extraction, and the gas pressure of the coal seam at
30 m reached a stable value of 0.65 MPa (residual gas
pressure) after 50-day extraction.

It took less than 16 days and 19 days for the coal seam
gas pressure to reach the safe value of 0.74 MPa at the
horizontal distance of 0 m compared with those at 20 and
30 m, respectively. The extraction effect of the borehole
on the tile pressure of the coal seam was much higher
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than that of the bottom pumping roadway at horizontal
distances of 20 and 30 m.

As the original gas pressure increased from 3.5 MPa to
0.4 MPa during deep well mining and in the large mining
height work face, field application of the three-
dimensional coal seam gas extraction technology
successfully increased the critical strength index of coal
and rock mass by 39.13% (from 12.83 MPa to
17.85 MPa). Consequently, the risk of stress-induced
dynamic disaster was reduced.

After treatment of the mining surface of 12090, the gas
extraction volume increased, with a monthly maximum
gas extraction volume of 3.45 million m3, monthly
maximum gas consumption of 2.72 million m3, and
electricity generation of 4.08 million kW-h. The daily
maximum power generation reached 140000 kW-h,
saving over 30 million RMB in electricity costs for the
mine every year and reducing gas emissions by over
20 million m?. The maximum daily production of the
mining surface was increased from 6000 tons to 13000
tons, with a monthly production capacity of 260000 tons,
and an annual production capacity of 3 million tons.
Therefore, simultaneous extraction of coal and gas was
achieved, which laid a foundation for safe and efficient
production.

5 Conclusions

1) In the present study, the evolution of primary rock
stress and mining-induced stress was systematically
analyzed based on the geological characteristics of a deep
gas outburst mine in the Pingdingshan mining area. The
critical criterion of instability failure of coal and rock
mass was established based on the theoretical framework
of fracture mechanics and the mechanism of coupled
instability failure of in situ stress and gas was analyzed.

2) Focusing upon the large mining face of the Shoushan
mine, the original design was used as the basis to add the
wind and transportation lanes for gas drainage and coal
and gas drainage lanes for special gas drainage and
special high gas drainage lanes, respectively. With the
original coal lane serving as the ventilation lane, a seven-
alley gas control technology for the coal seam was
proposed. By optimizing the layout, a three-dimensional
pumping system of one side and seven lanes was
developed.

3) Focusing on the extraction system in Shoushan mine,
a field test was conducted to investigate the drainage
borehole layout parameters and the effective radius of
extraction. We explored the drainage borehole and
relationship between various parameters and the gas
extraction effect. A method of large mining height coal
seam gas solid extraction and the deep dynamic disaster
management demonstration project were established.

4) Through the demonstration project, the gas content
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and pressure in the deep mine work face were effectively
reduced. The critical strength of coal and rock mass
instability and failure was increased, and the risk of
dynamic disaster was reduced, which aided in solving
corresponding problems for other mines.

5) In the calculation of critical strength index of coal
and rock mass in this study, the friction coefficient was
0.5 when the sandstone was dry. If the lithology of the
roof and floor changed or the rock mass was saturated,
the friction coefficient dropped below 0.2 and the critical
strength index decreased by 70%. Therefore, the drainage
and depressurization in the deep well mining are
important disaster prevention parameters that must be
utilized.
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