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STUDY ON UPPER AND LOWER GAS DRAINAGE AND PREVENTION
AND CONTROL TECHNOLOGIES IN DEEP HIGH-GAS MINES

In response to the “three highs” problem in the mining of deep high-gas mines, the rapid increase in the
coal seam permeability coefficient and gradual increase in coal and gas outburst problems have made gas
control more difficult. This study considered the occurrence of remote outburst coal seams in the Zhujixi
Mine as the research background and performed theoretical analysis, calculations, numerical simulations,
and other technical methods to analyze the gas occurrence characteristics of the 11-2 coal seam and the
feasibility of using this seam as a lower protective layer for mining. The pressure relief protection range
for the overlying 13-1 coal seam, to the recovery of the 11-2 coal seam, was determined. A regional anti-
outburst technology was proposed for underground through-layer and parallel-layer drilling, focusing on
pre-gas extraction for the protective layer. In addition, a pre-gas extraction regional anti-outburst technology
combining the surface and underground mining of the protected layer is also proposed.

Gas occurrence in the 11-2 coal seam is uneven and has poor regularity, presenting high gas areas.
It is significantly affected by the geological structures and shale properties of the coal seam roof and floor.
The 11-2 coal seam is a stress-dominated and gas-outburst coal seam. The Zhujixi Mine presents a joint
underground extraction and regional outburst prevention mode; that is, the 11-2 coal seam with a lower
outburst risk is selected as the protective layer for mining first, whereas the 13-1 coal seam is protected
while the gas in the protected layer is extracted. The 11-2 coal is characterized by the gas control mode of
“one side, three lanes+ground drillings” to achieve multi-purpose, joint treatment, and continuous mining
of one lane. The excavation face exhibits comprehensive anti-outburst measures, such as through-layer
drilling pre-extraction and a coal mining face over the layer drilling pre-extraction area. During the min-
ing period, surface drilling and a top extraction roadway are used to extract 13-1 coal-depressurized gas.
By adopting joint extraction technology in the upper and lower mining areas, the residual gas content and
pressure were measured at the underground excavation and mining working face. The predicted indicators
did not exceed the standard levels, and no dynamic phenomena occurred. As a result of the application of the
anti-outburst technology in the joint extraction area of the Zhujixi Mine, the proportion of extraction in the
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upper and lower mining areas was 56.7%, and the proportion of extraction in the underground mining area
was 43.3%. These factors are interdependent and indispensable. The maximum height of the caving zone
after mining the 11-2 coal face was 11.6 m, whereas the height of the fracture zone was 34.4-52.2 m. The
13-1 protective-layer working face is arranged on the upper part of the fracture zone or lower part of the
curved subsidence zone, which can effectively increase the permeability of the 13-1 coal seam. Engineering
practice has shown that the joint regional anti-outburst technology and engineering application in Zhujixi
mine have achieved good results, forming a regional anti-outburst technology system for joint extraction
of mines and providing a reference for the safety production of similar conditions in outburst mines.

Keywords: Gas drainage; Gas control; Deep well mining; Regional outburst prevention

Introduction

Coal is the primary source of energy in China. China is among the countries with the most
serious gas disasters. The endowment of coal resources and long-term strong demand led to the
rapid transfer of China’s coal development to the deep at the speed of 10-25 m per year. The gas
problem faced by deep coal mining is more serious. Considering the three aspects of safety, energy,
and environmental protection, it is necessary to strengthen the co-mining of coal and gas in deep
coal seams [1-3]. The safe and efficient mining of kilometre-deep wells faces technical problems
such as high ground stress, high gas, and high and low temperature [4-5]. The task of preventing
gas disasters is still very arduous. With the increase of mining depth, the deep coal seam is in the
complex environment of “three highs”, and the gas problem faced by the development of coal
resources will be more serious [6]. When the coal seam is mined more and more downward, the
coupling relationship between gas pressure and content becomes increasingly unclear, and the dy-
namic phenomenon dominated by in-situ stress will become increasingly obvious, and gradually
develop into the key to causing outburst. Especially in deep roadway mining, the surrounding rock
characteristics of the stope have changed dramatically, the underground working environment has
changed dramatically, and coal and gas outburst still occurs when the gas content and gas pressure
do not exceed the critical value [7], resulting in hidden dangers in safety production. Coal and gas
outburst is a common dynamic disaster in underground coal mining, characterized by the continu-
ous rupture and instability of the coal rock system in a very short time, accompanied by the violent
spraying of high-pressure gas into the mining space, causing mining disasters such as explosion
and damage to the mining space. How to deal with more frequent and complex outburst disasters
in deep coal layers is a major challenge facing coal mine safety production [8]. Due to technologi-
cal and spatial limitations, it is impossible to monitor the development and propagation process of
coal and gas outbursts in real time. Many scholars use physical and numerical simulation methods
to study the mechanism of coal and gas outbursts and obtain relevant data [9-10], providing theo-
retical support for the prevention and control of coal and gas outburst disasters in mines. With the
continuous improvement of coal mining depth, the permeability of coal seams will become worse
and worse. This is a very unfavorable condition for the prevention and control of gas disasters,
and it also has certain limitations for the safety production of coal mines. Coal seam strengthening
is an effective way to improve gas drainage, and the key is to change the coal structure [11-13].

Protective layer mining technology can increase the micro-cracks of the coal body and re-
lease in-situ stress, to improve the permeability of the coal seam, produce a “pressure relief and
flow increase effect” and realize effective gas drainage [14-17]. For outburst coal seam without
a protective layer, can reduce the external stress of the coal seam and change the physical and
mechanical properties of coal, A variety of anti-reflection technologies of the coal seam have



www.czasopisma.pan.pl P@N www.journals.pan.pl
O

been tested and applied, including large-diameter drilling, cross drilling, and deep hole, dredging
blasting, hydraulic anti-reflection, and gas explosion anti-reflection. Taking the mining coal seam
of Zhujixi mine as the research object, this paper investigates the occurrence and gas geological
data of the 11-2 Coal Seam in Zhujixi mine, studies and analyses the gas storage characteristics
and outburst risk degree of 11-2 Coal Seam, and explores the key technology of long-distance
coal seam group up and down combined pumping and outburst prevention, which lays a founda-
tion for the continuity of mine wat control and mining, and has guiding significance for mine
safety production.

1. Analysis of coal seam gas occurrence characteristics

1.1. Coal seam gas occurrence

The sedimentary environment of the coal-bearing rock series in the mine is stable, and the
thickness of each coal-bearing section, coal seam spacing, and coal seam thickness are relatively
stable. The spacing between 11-2 and 13-1 coal seams is 67.08~86.30 m, with an average spac-
ing of 74.36 m. Coal seam 13-1 is mainly distributed in the deep part of line 35 to line 37, with
a thickness of 2.18~5.29 M and an average of 4.0 m. It is dominated by thick coal. The coal seam
minability index is 1.00, and the coefficient of variation is 24%. It is a stable coal seam. The roof
is mudstone, a few points are sandstone, and the floor is mudstone and carbonaceous mudstone.
The lower part of the coal seam 13-1 is 74.36 m away from coal seam 11-2.

Coal seam 11-2: the thickness is 0.77~1.80 m, with an average of 1.55 m, the coal seam
minability index is 1.00, and the coefficient of variation is 19%. The roof is mainly composed
of mudstone and siltstone, with light grey fine sandstone in the middle and lower parts, and in-
terbedded with siltstone and fine sandstone in some parts; The floor is dominated by mudstone,
and the middle and lower parts are siltstone and fine sandstone. The mudstone of the roof and
floor belongs to soft rock ~ semi-hard rock, the siltstone belongs to semi-hard rock, and the
fine sandstone belongs to hard rock. During the development preparation period, the measured
maximum gas pressure of coal seam 11-2 in the first mining of the mine was 1.2 MPa, and the
gas content was 2.23~8.63 m*/t; The maximum gas pressure of 13-1 coal seam is 1.36 MPa and
the gas content is 3.93~8.48 m*/t, as shown in Fig. 1.

1.2. Influencing factors of coal seam gas occurrence

The buried depth of coal seam is the main factor affecting gas content [18-20]. With the
increase of coal seam buried depth, the overlying strata make the coal seam and roadway sur-
rounding rock from loose to dense under the action of self-weight pressure. The average buried
depth of coal seam 11-2 is more than 900 m, the overlying thickness is 340~600 m, and the tertiary
and quaternary new strata are covered. The linear regression relationship between geological
exploration gas content and buried depth is shown in Fig. 2.

According to the regression analysis, there is a positive correlation between the two on
the whole, that is, the gas content in coal seam increases with the increase of buried depth, but
the increasing trend is not obvious, and the correlation coefficient is only 0.1421, indicating that
the gas occurrence in coal seam 11-2 is less affected by buried depth.
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Comprehensive Column and Gas Presence Diagram of Drilling in the First Mining Area
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Fig. 1. Comprehensive Column and Gas Presence Diagram of Drilling in the First Mining Area
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Fig. 2. 11-2 Linear regression relationship diagram between geological exploration gas content

and buried depth

The influence of geological structure on gas storage is influenced by the structural form.
For example, closed geological structures such as compression and torsion faults are favorable
for gas storage, so the gas content is significant. Open geological structures such as tensile faults
can accelerate gas release and have low gas content. Under normal conditions, the axis and in-
clined end of the gentle fold can promote the storage of gas, and the gas content is significant.
For example, the gas content in the axis of the anticline is greater than that in the two wings.
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If the tensile fractures in the axis are developed and denuded, the gas will easily escape, which
is unfavorable for the storage of gas. In addition, the axial stress of the syncline is mainly com-
pression, and the fracture is not developed, which makes it easy to produce gas enrichment, and
its content will also become higher [21-23].

The measured gas content near the structure of 11501 working face in the Zhujixi mine
is relatively large, which is 5.96~8.38 m?/t. The measured gas content of the 11051 working
face is affected by the structure. In the area near the fault and fold, the gas content is generally
5.90~8.39 m>/t, in the area without geological structure, the gas content is 3.71~5.21 m>/t, and
the gas content in the geological structure zone is relatively high.

1.3. Analysis of gas occurrence law

Through drilling and statistical analysis of gas content in the 11501 working faces of the 11-2
coal seam, it was found that there were 4 groups with gas content %> 8 m*/t, with a maximum
of 8.63 m>/t, all located in abnormal coal seam and geological structure areas. The relationship
between gas content occurrence and geological structure is shown in TABLE 1.

TABLE 1

The relationship between gas content and geological structure in the first mining area

Sampling | Gas Content/

Sampling location Geological conditions

elevation/m m3/t
11501 Transport Bottom Extraction F11501-20 224°£15°~30°
Lane Y32-1 # Hole ~1053.2 8.3882 H=2.5mt
11501 track bottom 11 # drilling site _983.0 21728 FX23 210°./60° H=1.5m
G11-2 # hole
. The dip angle of the coal seam
11502 Top Extraction Lane 20 # —1034.1 8.6324 changes from —7° to —11° and

Drilling Site 150-8 # Hole then to —7°

11502 Top Extraction Lane 25 # 1049.9 3.098 32m away from the axis of the
Drilling Site 187-8 # Hole ) ) Shiwei syncline
11501 Bottom Transport 20 # Drilling

Site Y20-1 # Hole -1021.4 7.9211 FX30243°/50° H=1.0 m*
11501 Bottom Transport 24 # Drilling o —
Site Y24-1 # Hole -1042.3 7.3202 F11501-5 23°£30° H=1.2 m+
11501 Bottom Transport Y28-1 # Hole | —1051.7 7.1295 Normal fault £60°, H=0.2 m
11501 Bottom Transport Y28-2 —-1051.7 7.1295 Normal fault £60°, H=0.2 m
11501 track bottom 18 # drilling site 10047 7094 The dip angle of the coal seam
G18-1 # hole changes from +6° to —4 °
11501 rail bottom 30 # drilling site 8m away from the axis of the
G30-1 # hole ~1058.9 7.0159 Shiwei syncline
11501 Transport Bottom Extraction 10515 71731 The coal thickness changed from
Lane Y32-1 # Hole ) ) 1.5mto 1.3 m and then to 1.8 m

It can be seen from TABLE 2 that N,: CO,: CHy = 3.51%~68.87%: 1.29%~20.17%:
27.15%~94.13% in the natural gas composition of the coal seam 11-2. The CH, composition
tested by only three boreholes is greater than 80%. The thickness of the tertiary ~Quaternary
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loose layer of coal measure stratum of the mine is 340~600 m. After calculation, the depth of
the gas weathering zone is 810~1070 m, and the buried depth of coal seam 11-2 is 960~1080 m.
Therefore, most areas of coal seam 11-2 are located in the N2-CH, zone. According to the
measured gas content during the development and mining of coal seam 11-2, the elevation of
—923.8~-1059.4 mis selected, and a maximum value is selected from the elevation drop of every
10 m to construct the linear regression relationship between the gas content of coal seam and the
buried depth of coal seam, as shown in Fig. 3.

TABLE 2

Gas content and composition test results of 11-2 coal seam in the first mining area during
the geological prospecting period

Namber The Natural composition of gas /% Floor elevation | Gas c03ntent Remarks
N, Co, | CH, | CHy | C;Hy /m /m3/t
34-1 17.07 | 11.79 | 71.14 -957.84 49.54
34-2 30.62 7.02 61.52 0.69 0.15 -1017.87 3.15
34-3 3735 | 14.12 | 47.83 0.10 0.26 —1056.45 3.67 Fourth
34-4 3.51 6.34 87.33 1.97 0.44 -1057.92 9.79 mining
35-1 5149 | 16.46 | 32.05 —1056.26 1.17 area
35-2 3.79 94.13 1.84 1.05 -1015.29 12.21
35-3 8.59 2.59 87.96 0.78 0.08 —1066.43 14.82
36-1 15.25 6.48 78.27 -965.28 5.31
36-2 29.73 | 16.54 | 52.17 1.02 —1008.81 2.36
36-3 53.88 8.09 38.03 —1045.70 4.63 .
36-4 13.81 9.16 76.18 0.66 0.20 —1046.75 2.09 rrilri[r}:g
37-4 45.77 3.20 50.61 0.33 0.09 -983.07 5.88 arca
38-1 30.48 | 41.16 | 27.56 —860.60 1.75
38-2 52.68 | 20.17 | 27.15 -931.83 0
38-4 68.87 1.29 29.84 —-1067.09 0.8
10
y=0.0667x +4.9249
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Fig. 3. The relationship between gas content and elevation of 11-2 coal seam in the first mining area

It can be seen from Fig. 3 that the gas content of coal seam 11-2 is 2.23~8.6324 m>/t, with
an average of 5.48 m*/t. According to the fitting regression analysis, the correlation coefficient
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between gas content and coal seam buried depth is only 0.1729. The law of gas content increasing
with the increase of coal seam buried depth is not obvious, and the distribution of gas content
is discrete. At the same time, through the statistical analysis of the measured gas content of coal
seam 11-2, there are 4 groups with gas content w > 8 m*/T, the maximum is 8.63 m*/t, and they
are all in the abnormal area of coal seam and geological structure area. 83% of the 18 groups
with 7 m?/T < w < 8 m*/ Tare in the abnormal area of coal seam and geological structure area,
and the rest are less than 7 m®/T. To sum up, the gas content generally increases with the increase
of coal seam buried depth, but the law is not obvious, the gas occurrence is uneven, and the gas
content is generally low compared with typical outburst coal seams.

2. Theoretical analysis on the feasibility of protective
layer mining

2.1. Analysis of mining height and interlayer distance of
protective layer

According to the detailed rules for the prevention and control of coal and gas outbursts,
when the expansion deformation of the protected layer is greater than 3%o [24], the mining of
the protected layer can effectively protect the protected layer. When the buried depth of 11-2
Coal Seam in 11501 working face of Zhujixi mine is 960~1080 m, and the cutting width of
the working face is 220 m, the minimum effective mining thickness of the protective layer is
0.9 m. The design mining thickness of the 11501 working face is 2 m, so the mining thickness
of the protective layer meets the requirements. The maximum effective protection vertical
distance between the protective layer and the protected layer can be determined according
to formula (1):

SX:S)’(ﬂl,BZ (1

Where:

Sy — Theoretical effective spacing of lower protective layer, m;

p1 — Influence coefficient of protective layer mining, when M < M, f; = M/M,,, when
M> M07 ﬁ 17 17

M — Mining thickness of protective layer, m;

M, — Minimum effective thickness of protective layer, m;

p> — Proportion coefficient of hard rock (fine sandstone, siltstone, etc.) in rock stratum,
Percentage of hard rock in rock stratum 1 express, when 7 > 50%, f, = 1-0.4 /100,
when 7 <50%, f, = 1.

The mining height of the 11501 working faces is 2 m, the cutting width is L = 220 m,
and the mining depth is # = 983~1083 m, which is determined by the detailed rules for the
prevention and control of coal and gas outbursts, Sy = 114~122 m, 8, = 1, B, = 1, According
to formula (1): Sy = 114~122 m. The maximum interval between the 11-2 Coal Seam and the
overlying 13-1 coal seam in the 11501 working faces is 73 m, which is less than the maximum
protection vertical distance. Therefore, the 11-2 Coal seam can be used as the lower protection
layer of 13-1 coal seam.
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At the same time, according to the detailed rules for the prevention and control of coal and
gas outbursts, the resources of the upper adjacent layer shall not be damaged when mining the
lower protective layer, and the minimum interlayer distance between the protective layer and
the protected layer can be determined according to formula (2):

When a < 60°, H= K cosa 2)

Where:
H — Minimum allowable layer spacing,m;
A — Coal seam dip, 5°;
K — Roof management coefficient. When the roof of the goaf is managed by the caving
method, K = 10.

According to the occurrence conditions of a coal seam in 11501 working face, H=9.96 M
can be calculated from formula (2), which is far less than the spacing between the two coal
seams. Therefore, coal seam 11-2 can be used as the lower protective layer of coal seam 13-1.

2.2. Theoretical calculation of “three zones” height
of 11-2 Coal Seam

Coal seam mining is easy to cause the movement, deformation, and damage of surrounding
rock in the goaf. Under the interaction of self-weight stress and surrounding rock, the roof rock
stratum(they are rather caving rocks without any additive) produces a violent instability and
rebalancing process, forming the “upper three zones” above the goaf as shown in Fig. 4. Gener-
ally, it will not damage the integrity of the adjacent coal seam roof in the high fracture zone and
low bending subsidence zone, Its mining will not be affected, but due to the pressure relief of
the coal seam, the permeability becomes stronger, which is beneficial to gas drainage and can
eliminate or reduce the outburst risk.

S/ 7

Curved subsidence zone

. Fracture zone

Collapse zone

Fig. 4. Zonation model of “upper three zones”

Base on the various lithologies of the coal seam overburden, the heights of the caving zone
(H,,) and fracture zone (H;) can be calculated. According to the occurrence conditions of coal
strata in the test area, the coal seams 11-2 and 13-1 are mainly siltstone, fine sandstone, and
mudstone, with unidirectional compressive strength of 55.99 MPa (45.8~79.6 Mpa), 78.06 MPa
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(60.8~119.9 Mpa) and 37.08 Mpa (22~69.3 Mpa) respectively. The interlayer lithology is mainly
hard rock, and the calculation formula of collapse zone height is:

100> M
w125 3)
2.1 M +16
The average thickness of coal seam 11-2 is 1.6 m. The mining technology of full-height
mining at one time is adopted. After calculation, the height of the collapse zone of the coal seam
11-2 is HM = 6.6~11.6 m.
The calculation formula for fracture zone height is:

1003 M

LTI M 20 @

After calculation, the height of the fracture zone of the coal seam 11-2 is H; = 34.4~52.2 m.

After the mining of the 11-2 Coal Seam, the protected 13-1 coal seam is in the high frac-
ture zone or low bending subsidence zone. The continuity of the 13-1 coal seam will not cause
a destructive impact, which can significantly increase the permeability of the 11-2 Coal seam.
To sum up, through the analysis of the reasonable layer spacing and the development height of
the collapse zone and fracture zone of 11-2 Coal Seam as a protective layer, it can be seen that
11-2 Coal seam can be used as the protective layer under 13-1 coal seam.

3. Outburst prevention technology in the underground
pumping area

When the protective layer is mined, under the action of self-weight and overburden pres-
sure, the overlying coal layer in the goaf will move to the goaf, producing bedding and through
cracks, which greatly increases the permeability of the coal layer and obtains a good channel for
the migration of coal seam gas. For underground coal and gas outburst prevention and control,
protective layer mining is the most economical and effective regional outburst prevention measure.
Therefore, for determining the pressure relief range and protection effect of the protected layer,
it is of great significance to study the vertical stress distribution law and deformation character-
istics of the roof and floor strata after the mining of the protected layer. Due to the complexity
of the mining effect of coal seam roof and floor, if we only use the theories of elastic-plastic
mechanics and material mechanics to study, we can not accurately calculate the stress distribu-
tion in the overlying rock after the mining of the protective layer. Under the background of the
rapid development of the computer industry, the numerical simulation method makes modeling
and transformation of the physical field more convenient and fast. Mining models under differ-
ent conditions can be established according to actual needs, and their unique advantages can be
demonstrated at the same time.

In this paper, the combination of numerical simulation and field investigation is used to
study the pressure relief protection effect of the 11-2 Coal Seam on the overlying 13-1 coal seam
after mining.
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3.1. Establishment of numerical model

According to the occurrence of 11501 working face and overlying coal strata of 11-2 Coal
Seam, FLAC3D software is used to establish a model with a dip length of 320 m (x direction),
a strike length of 380 m (Y direction) and a height of 190 m (z-direction). The mining thickness
of the 11501 working face is 2 m, the average thickness of the 13-1 coal seam is 3.8 m, and
the average interval between the two coal seams is 70 m. To reduce the influence of coal seam
mining on the whole model, 80 m coal pillars are reserved along the strike and inclination of the
coal seam. The upper boundary of the model is free, and the bottom boundary and left and right
boundaries adopt zero displacement boundary because the thickness of the overlying strata of
the simulated mining coal seam has a certain range, the lateral pressure coefficient is 1.0, and
the horizontal stress is applied to the front, back, left and right of the model. The goaf is mod-
eled using a rectangular structure, and the strength and deformation parameters are based on the
strength and deformation parameters of 11 coal in TABLE 2. The numerical simulation model
is shown in Fig. 5, and the material physical and mechanical parameters of the model are shown
in TABLE 3.

The Mohr-Coulomb plastic constitutive model and Mohr-Coulomb yield criterion are adopted

for calculation, namely:
1+si i
fszal_0'3( .s1ngo)+26 1+s%ng0 )
1-sing 1-sing

fi=o3—0, (6)

Where:
o1, 03 — Maximum and minimum principal stresses, MPa;
¢ — The cohesion of rock stratum, MPa;
@ — Is the internal friction angle of rock stratum,®;
Y, — Tensile strength of rock stratum, MPa; when f; = 0, Shear failure of rock mass, when
f;=0,Tensile failure of rock mass.

Fig. 5. Numerical model diagram
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TABLE 3
Table of physical and mechanical parameters of numerical simulation strata

Bulk Bulk Shear Tensile Cohesion Internal Bulk

Lithology densitgf modulus | modulus | strength /MPa friction modulus
/kg/m /GPa /GPa /MPa angle/° /GPa
mudstone 2461 6.08 3.47 1.0 1.2 30 6.08
fine sandstone 2873 20.01 13.52 2.9 3.2 42 20.01
Siltstone 2460 10.83 8.13 2.6 2.75 38 10.83
mudstone 2461 6.08 3.47 1.0 1.2 30 6.08
13-1 coal 1350 491 2.01 0.9 1.25 32 491
mudstone 2461 6.08 3.47 1.0 1.2 30 6.08
Siltstone 2460 10.83 8.13 2.6 2.75 38 10.83
mudstone 2461 6.08 3.47 1.0 1.2 30 6.08
fine sandstone 2873 20.01 13.52 2.9 32 42 20.01
mudstone 2461 6.08 3.47 1.0 1.2 30 6.08
11-2 coal 1420 491 2.01 0.9 1.25 32 491
mudstone 2461 6.08 3.47 1.0 1.2 30 6.08
Siltstone 2460 10.83 8.13 2.6 2.75 38 10.83
mudstone 2461 6.08 3.47 1.0 1.2 30 6.08
Siltstone 2460 10.83 8.13 2.6 2.75 38 10.83

3.2. Analysis of numerical simulation results

3.2.1. Analysis of vertical stress variation of overlying 13-1 coal seam after
mining 11-2 Coal Seam

In this simulation, the width of the 11501 working face is 220 m, and the mining length
is 160 m. The model is mined along the tendency, and the excavation step is 20 m. Due to the
limitation of the FLAC3D post-processing project, Tecplot software is used for graphic process-
ing. The vertical stress contour at the positions of 20 m, 40 m, 80 m, 100 m, 120 m, 140 m, and
160 m, y = 190 m in the working face is shown in Fig. 6.

According to the vertical stress distribution along the dip direction at different mining
distances of the working face of the protective layer in Fig. 6, when the working face is mined
for 20 m, the vertical stress of the coal strata around the goaf does not change significantly, only
the stress of the roof and floor strata decreases significantly within a certain range. The stress
of the roof and floor strata decreases the most in the middle of the goaf, and the vertical stress
is distributed in an arch shape, the degree of reduction decreases gradually with the increase of
the distance from the goaf. There is obvious stress concentration behind and in front of the cutting
hole of the working face, and the stress distribution is symmetrically distributed along the middle
of the mining length. As shown in Fig. 6(b), after 40 m of working face mining, the vertical stress
of the coal layer overlying the goaf at the same layer is significantly reduced compared with that
at 20 m of mining, and the reduction range of vertical stress in the horizontal direction gradually
increases, indicating that the pressure relief degree of the coal layer overlying the goaf gradually
increases, while the vertical stress at the arch foot gradually increases, but with the increasing
range of goaf, Under the influence of self-weight and other effects, the roof rock stratum gradu-
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(g) backstopping 140 m (h) backstopping 160 m

Fig. 6. Contour map of vertical stress along the inclined direction at different distances in 11501 working face

ally moves to the goaf, the caving gangue fills the goaf, compacts it continuously, and the vertical
stress recovers. As shown in Fig. 6(d), after 80 m mining of the working face, the vertical stress
of the coal stratum overlying the goaf changes slightly, and the vertical stress contour changes
from arch distribution to camel distribution. As shown in Fig. 6(g), after the working face is mined



www.czasopisma.pan.pl P@N www.journals.pan.pl
<

for 140 m, the vertical stress of the coal stratum in the vertical direction will no longer increase
with the increase of the mining length of the working face, and the range of the vertical stress
contour in the horizontal direction will gradually increase with the increase of the mining length.

To study the dynamic change process of the stress of coal seam 13-1 when coal seam 11-2
is pushed for different distances, observation points are arranged on the floor of coal seam 13-1,
the stress data of each observation point are recorded, and the change curve of the vertical stress
of the protected layer with the mining of the protected layer is obtained, as shown in Fig. 7.

45 p------ =TT === B === I====== r=====-= 1

40 k- - —=rbackstoping120m —+ backstoping100m = backstopingsom === backstopingsom |

1 I

@i 35 |- - - —=Ftbackstopingdom —==—backstopingzom = backstopingl4om === backstoping1som,

H ] . ' ' 1 1

EE 30 | S | | 1
= 23 Ay

177} " 1 1 1 1

20 (il Sl 1= r=-—---- 1

B s L . I :

° I 1 1 1

g 10 [ S D [ 1

> | H v i

5 e PR R

I 1 1 1

0 H H ;

0 40 80 120 160 200 240 280 320

Horizontal distance/m

Fig. 7. The vertical stress change trend diagram of the 13-1 coal seam along the inclined direction
when the 11501 working face is mined at different distances

It can be seen from Fig. 7 that when working face 11501 is stopped for 20 m, the minimum
vertical stress of coal seam 13-1 overlying the goaf is 23.25 MPa, which is 24.13 MPa relative
to the original rock stress, and the stress reduction rate is 3.64%. The stress concentration in the
front of the work and at the cutting hole is not obvious, indicating that coal seam 13-1 is less
affected by the mining of underlying coal seam 11-2 at this time; With the increase of the min-
ing length of the working face, the vertical stress of the overlying 13-1 coal seam gradually
decreases and the pressure relief range gradually increases. For example, when the working face
is mining 40 m, 60 m, 80 m, 100 m, 120 m, 140 m and 160 m, the vertical stress of the 13-1 coal
seam directly above the middle of the goafis 21.16 MPa, 18.41 MPa, 15.55 MPa, 12.43 MPa,
10.15 MPa, 8.64 MPa and 8.06 MPa respectively, and the stress reduction rates are 12.31% and
23.70% respectively 35.56%, 48.48%, 57.94%, 64.19% and 66.59%. The decline range of verti-
cal stress first increases then decreases and finally tends to be stable, indicating that the pressure
relief degree of coal seam 13-1 gradually increases with the increase of working face distance.
After mining to 140 m, the goaf should be continuously filled and compacted, resulting in stress
recovery, and the pressure relief degree of coal seam 13-1 tends to be stable, The pressure relief
range increases with the increase of the working face length.

According to the numerical simulation results, Tecplot software is used to obtain the vertical
stress isolines at x =90 m, 100 m, 110 m, 120 m, 130 m, 140 m, 150 m and 160 m at different
mining distances in the strike direction, as shown in Fig. 8.

It can be seen from Fig. 8 that under the occurrence condition of a near horizontal coal seam,
the vertical stress distribution and variation law of overlying coal strata in goaf is the same with
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(g) backstoping 140 m (h) backstoping 16 m

Fig. 8. Contour map of vertical stress along strike direction at different distances in 11501 working face

the increase of mining length of working face in the strike and dip direction of the coal seam.
The research shows that when the stress reduction rate of the protected layer is more than 50%,
the coal seam is fully relieved, and the air permeability is enhanced. The extraction of coal seam
11-2 in the protected layer effectively relieves pressure on coal seam 13-1 in the protected layer.
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3.2.2. Analysis of vertical displacement change of overlying 13-1 coal seam
in 11-2 Coal Seam Mining

The vertical displacement contour at the positions of 20 m, 40 m, 80 m, 100 m, 120 m,
140 m and 160 m, y = 190 m, is shown in Fig. 9.

(g) backstoping 140 m (h) backstoping 160 m

Fig. 9. Contour map of vertical displacement along strike direction at different distances of 11501
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It can be seen from Fig. 9 that after the mining of the working face, the original rock stress
balance state of the surrounding rock strata is broken, and the coal seam roof and floor move
towards the goaf under the action of the initial in-situ stress field. With the increase of the min-
ing distance of the working face, the displacement of the coal strata in the same layer above
or below the goaf gradually increases. When the 11-2 coal seam is mined for 40 meters, the
damage-affected area above reaches 60 meters and has not yet affected the overlying 13-1 coal
seam. When the 11-2 coal seam is mined for more than 60 meters, the damage affected area above
reaches 90 meters and has already exceeded the position of the 13-1 coal seam. The deformation
of the overlying 13-1 coal seam begins to change, The horizontal square lines are symmetrically
distributed along the middle of the goaf. Under the conditions of different mining lengths, the
movement and deformation laws of coal and rock strata are the same.

To investigate the expansion deformation of the overlying 13-1 coal seam at various mining
distances from the 11501 working face of the 11-2 coal seam, measurement points are arranged
along the incline at both the top and bottom of the 13-1 coal seam. The displacement of the top
and bottom of the 13-1 coal seam during the mining of the 11-2 coal seam is recorded using
Tecplot software. After calculation, the variation trend of the displacement of the top and floor
of the 13-1 coal seam with the mining length of the working face is shown in Fig. 10.

28
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+ backstoping 200m

-76 -36 4 44 84 124 164 204 244 284

Distance from cutting hole/m

Fig. 10. Change trend of 13-1 coal seam roof and floor approaching amount
at different distances in 11501 working face

When the 11501 working face is advanced to 40 m, there is no expansion trend in 13-1
coal seam, and the expansion curve is displayed as a straight line, indicating that the mining of
11-2 Coal Seam has no impact on the deformation of overlying 13-1 coal seam; When 11501
working face advances to 60 m, the deformation of overlying 13-1 coal seam begins to change,
the area and degree of expansion begin to change are still small, and the maximum expansion
area appears directly above the goaf.

In conclusion, with the increase of the mining length of the working face of coal seam
11-2, the stress of the overlying coal seam 13-1 in the goaf decreases greatly, and the expansion
deformation rate of the coal seam is greater than 3%o, which is 4.25%., indicating that the min-
ing of coal seam 11-2 is effective in the pressure relief protection of overlying coal seam 13-1.
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3.3. Field practice analysis

Based on the on-site construction conditions of 11501 roof roadway, 100 m ahead of the
working face of the protective layer was determined, a deep base point displacement meter was
installed, and the relative displacement of the roof and floor of the protected coal seam during
the mining process of the working face of the protective layer was continuously observed. The
variation trend of roof and floor approaching the amount of coal seam 13-1 before and after
mining of coal seam 11-2 of the protective layer is shown in Fig. 11.
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Fig. 11. The 13-1 coal seam roof and floor displacement changes with the advancement of the protective layer

Through the test of the movement of the roof and floor of coal seam 13-1 during the mining
of coal seam 11-2 of the protective layer, according to the calculation formula of the expansion
deformation of coal seam, the maximum expansion deformation of coal seam 13-1 at different
positions after the mining of coal seam 11-2 is shown in TABLE 4.

TABLE 4
11-2 Different drill holes after coal seam 13-1 maximum swelling deformation of coal seam
Number Relative displacement | Coal hole section length | Expansion deformation Remarks
/mm /m /%0

BX1-1 35 4.8 7.29

BX1-2 22 43 5.12 Tendency
BX1-3 15 5.2 2.88 direction
BX1-4 5 5.0 1.00

BX2-1 —4 7.7 —0.52

BX2-2 10 6.1 1.14 Strike
BX2-3 45 5.0 3.89 direction
BX2-4 122 5.2 23.46

TABLE 4 shows that the relative deformation of coal seams corresponding to borehole bx 1-1
and bx1-2 in the dip direction is greater than 3%o, which is within the effective pressure relief
range; According to the relative deformation of coal seams measured by bx1-1, bx1-2, bx1-3 and
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bx1-4 boreholes, the pressure relief angle in the dip direction is 63.70, the pressure relief angle
in the strike direction is 80.8, and the pressure relief line corresponds to the stoping line of the
working face of the protective layer with an internal error of 37.20 m.

3.4. Effect of outburst prevention technology of combined pumping
up and down the well

The prevention and control of coal and gas outbursts is related to coal mining. The premise
of coal mine development and mining is to achieve effective outburst prevention and up-to-
standard drainage, and also pay attention to the coordination and unity between gas drainage
and mining production. For the long-distance coal seam group with flat ground, both surface
wells and underground boreholes can carry out gas pre-drainage and pressure relief drainage, but
economic and efficient outburst prevention and effective well up and down combined drainage
method with standard drainage should be constructed.

3.4.1. Analysis of gas control effect of working face in protective layer

During the mining period of 11501 working face, the gas in this coal seam is mainly extracted
by drilling along the layer, burying pipes in the goaf and high-level drilling in the roof roadway,
and the pressure relief gas in the adjacent layer is extracted by the combination of through layer
drilling and surface drilling [24-25]. To investigate the gas control effect of the above measures on
the working face, the data during the period of maximum gas concentration in the return airflow
during mining are selected for statistical analysis, and the variation curve of gas concentration
with time is drawn, as shown in Fig. 12.
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Gas concentration of return air flow/%
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Fig. 12. Variation law of gas concentration with time in the return airflow of 11501 working face

It can be seen from Fig. 11 that during this period, the gas concentration in the return air-
flow is below 0.35%, and a large amount of gas in the working face is pumped so that the gas
concentration in the return airflow is within the normal range and relatively stable. There is no
gas overrun problem during the mining of the working face to ensure the safe mining of the
working face. Therefore, The measures taken during mining in the working face have achieved
a good gas control effect.
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3.4.2. Analysis of gas drainage effect in protective layer
working face

During the mining period of the working face, the method of mining and pumping while
drilling along the stratum, burying pipes in the goaf, high-level drilling on the roof and surface
drilling is adopted to control gas. It can be seen from Fig. 13 and Fig. 14 that the gas concentra-
tion and flow rate of bedding borehole drainage remain unchanged, the drainage concentration
is less than 1.5%, and the flow rate is less than 1 m*/min; The concentration of gas extraction by
buried pipes in goaf is about 2%~5%, the net flow of gas extraction is 1~3 m*/min, the concen-
tration of gas extraction by high-level boreholes in roof roadway is 2%~10%, and the net flow
of gas extraction is 1~3 m*/min. The concentration and flow of gas extraction by buried pipes in
goaf and high-level boreholes in the roof fluctuate significantly compared with that by bedding
holes, which is mainly caused by different footage of the working face and uneven gas storage
in the working face.
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Fig. 13. Variation law of gas drainage concentration with working face advancing
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Fig. 14. Variation law of gas drainage flow with advancing of working face
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4. Conclusion

Taking the occurrence of long-distance outburst coal seams in the Zhujixi coal mine as the
research background, using the combination of theoretical analysis, calculation, numerical simula-
tion and field practice, this paper analyzes the gas occurrence characteristics of 11-2 Coal Seam
and the feasibility of 11-2 Coal Seam as the lower protective layer, and studies and determines
the pressure relief protection range of 11-2 Coal Seam Mining to the overlying 13-1 coal seam;
This paper puts forward the regional outburst prevention technology of underground penetrating
and bedding borehole pre drainage for the protective layer and the regional outburst prevention
technology of pre drainage combined with the mining surface and underground of the protected
layer. The conclusions are as follows:

(M

2

3)

Coal seam 11-2 has uneven gas occurrence and poor regularity. There are only high
gas areas in some parts, which are greatly affected by the geological structure and
slate properties of the coal seam top and bottom. Coal seam 11-2 is a stress-dominated
briquette and gas outburst coal seam. The height of the “upper three zones” during the
mining of the 11-2 Coal seam is theoretically calculated, and the feasibility of protective
layer mining is demonstrated through numerical simulation, which provides a basis for
the layout of the working face of the protected layer.

Adopts the regional outburst prevention mode of combined pumping up and down the
well, that is, 11-2 Coal with low outburst risk is selected as the protective layer for
mining first, 13-1 coal is protected above, and the gas of the protected layer is pumped
at the same time. 11-2 Coal adopts the gas control mode of “one side with three lanes
(one side with five lanes in the first mining face) + surface drilling”, to realize multi-
purpose, joint treatment and continuous mining of one lane. The tunnelling working face
adopts cross-layer drilling and pre-pumping, and the coal mining working face adopts
the comprehensive outburst prevention measures of bedding drilling and pre-pumping
area. During the mining period, the ground drilling and top drainage roadway are used
to extract the pressure relief gas of 13-1 coal.

Using the technology of up-down combined pumping area, the underground excava-
tion and mining face, the gas concentration of return airflow, the measured residual
gas content and residual gas pressure, and the prediction indexes have not exceeded
the standard, and there has been no dynamic phenomenon. In the application of up-
down combined pumping area outburst prevention technology in the Zhujixi mine, the
proportion of up-down pumping is 56.7%, and the proportion of down-hole pumping
is 43.3%, Both are indispensable.
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