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Abstract 

In order to realize efficient gas control in short distance, high gas, low permeability and 
soft coal seam, and effectively alleviate the tense situation of "drainage, excavation and 
mining" replacement in mine, taking Wu8, Wu9 and 10 of Pingdingshan No.1 Coal Mine 
as the engineering background of complex gas occurrence in short-distance soft coal 
seam, the experimental study on hydraulic fracturing technology of short-distance soft 
coal seam was carried out. The test results show that the plastic strength of soft coal in 
the anti-permeability area of combined hydraulic fracturing increases under the action 
of water, a tree-like fracture is formed inside the coal body after cementation, and the 
effective radius of fracturing is between 28m and 50m. In the fracturing range, the in-
situ stress in the local area of the coal seam above and under the coal seam is 
redistributed, forming a similar protective layer mining effect, and the pressure relief 
and permeability increase in the local area is realized. The measured permeability 
coefficient of coal seam is 0.839896m2/ MPa2.d, which is 25.9 times higher than that in 
unfractured area. At the initial stage of the fracturing hole, due to the "water lock effect" 
between the gas in the coal fracture and the fracturing water, the initial concentration is 
relatively low, and after holding pressure and drainage, the "water locking effect" 
becomes weaker, and the fracturing fracture provides the optimal channel conditions 
for gas migration. The gas concentration in the hole quickly climbed to the peak of high 
concentration and maintained 75.1~91.3% high concentration stability, which was 
significantly slower than that of unfractured boreholes. The average single hole pumping 
volume of 0.085 m³/ min is 4.25 times higher than that of unfractured holes 0.02 m³/ 
min. In the joint fracturing area, the boreholes with extraction concentration of less than 
70%, 70~90% and more than 90% account for 6%, 65% and 29%, respectively. The 
average pure 63~79L/min per hole is 3.15~3.95 times higher than that in the 
unfractured area, and the gas drainage efficiency of cross-layer boreholes is significantly 
improved. The joint fracturing area drainage system is connected to the surface gas 
power generation system, the gas power generation is increased to 35000 Kw*h/day, 
and the gas utilization rate is 23000 m3/day, thus realizing a new breakthrough in mine 
gas cleaning and reuse. The test has formed the anti-permeability technology of multi-
stage cyclic hydraulic fracturing in short-distance coal seam: pump pressure 22-36MPa, 
single-hole water injection 20-48m3, multi-stage cyclic fracturing 1-3 times, and holding 
pressure for 72 hours, pressure relief and continuous pumping, which can effectively 
ensure the combined fracturing effect of short-distance coal seam and efficient gas 
drainage and utilization. 
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1. Introduction 

The short-distance coal seam is a special complex occurrence condition of coal seam, which is 
widely distributed in all kinds of coal mines in our country. It is mainly divided according to the 
distance between coal seams, and has the characteristics of small distance between adjacent 
coal seams and great disturbance between mining and excavation[1,2]. Therefore, the short-
distance coal seam is often difficult to mine. At the same time, the short-distance coal seam is 
affected by mining, and the ground stress of the coal seam is redistributed, and the gas in the 
coal seam will be released dynamically. Gas content and pressure will continue to rise, coupled 
with the short-distance coal seam soft, low permeability, conventional drilling gas drainage is 
more difficult, long treatment cycle[3-5]. As one of the common technical means to transform low 
permeability coal seams, hydraulic fracturing technology has been widely used in low 
permeability coal seams within 100 meters of buried depth in large and medium-sized coal 
mines in China, and good results have been obtained[6-8]. Combined with the current situation 
of gas control in short-distance soft coal seam and the development of new technology for gas 
disaster control, this paper explores the technology of hydraulic fracturing in short-distance, 
high-gas, low-permeability and soft coal seams, which is of great significance to open up a new 
way of gas drainage in short-distance soft coal seams, and provides technical guarantee for 
realizing high-efficiency gas drainage in coal mines [9-10]. Chen Dongdong et al.[11] put forward 
the gas drainage technology of long borehole sectional hydraulic fracturing for the medium and 
hard coal seam in Binchang mining area, and achieved good application results. Cui Ruiqing et 
al.[12] in order to improve the gas permeability and gas drainage effect of low permeability coal 
seam, the effects of coal seam hydraulic fracturing pore diameter and ground stress on 
fracturing effect were calculated by simulation software, and engineering tests were carried 
out. Wen Guangcai et al.[13] put forward a similar simulation experimental method of hydraulic 
fracturing through boreholes in underground coal seams, and studied the influence of water 
sensitivity damage on coal seam permeability. Wang Shibin et al.[14] will use COMSOL software 
to simulate gas extraction from hydraulic fracturing coal seams. Shi Xiaohong et al.[15] adopted 
hydraulic fracturing technology to improve the permeability of the main mining coal seam 
aiming at the low permeability and high gas coal seam in the complex structural zone; to sum 
up, most scholars have only carried out relevant research on the influencing factors and 
application of hydraulic fracturing gas drainage technology in single coal seam, but there is little 
research on the technology of combined hydraulic fracturing under the condition of close multi-
coal seam and soft coal seam. 

Therefore, the W8, W9, 10 short-distance soft coal seams of Pingdingshan Coal Mine are taken 
as the engineering background, the complex gas occurrence geological conditions are 
comprehensively analyzed, and the representative hydraulic fracturing test area of short-
distance soft coal seams is determined. Ten through-layer fracturing boreholes are arranged to 
complete the combined hydraulic fracturing test of W8, W9 and 10 close-range soft coal seams. 
The fracturing effect is comprehensively evaluated from the aspects of influence range after 
fracturing, permeability enhancement of coal seam, gas extraction and gas cleaning and reuse, 
etc., and the fracturing scheme is optimized and the implementation technology of hydraulic 
fracturing and permeability increasing technology of close-distance soft coal seam is formed. 
The experimental results will provide a certain reference for other mines to implement 
combined hydraulic fracturing technology under the condition of similar short-distance soft 
coal seam.  
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2. The technical principle of hydraulic fracturing anti-permeability in coal 
seam 

The hydraulic fracturing of underground coal seam borehole is through the high-pressure 
water generated by external mechanical force to realize fracturing in the original rock coal body 
and form the channel of gas flow, which can effectively increase the permeability of coal seam 
and make the coal body relieve pressure. a measure to increase the amount of gas drainage 

[16,17]. At the initial stage of fracturing, due to the influence of coal defects, the damage area is 
randomly distributed, so the damage zone or fracture is mostly scattered in the form of 
disconnection, and the higher the connectivity of the damage fracture zone in the area with 
dense initial defect distribution. and show a reticular distribution [18]. With the continuous 
invasion of the fracturing fluid, the area of the damage zone at the fracturing orifice is larger 
than that in other areas, so the fracture first runs through the orifice and gradually expands and 
shifts to the depth, and the expansion direction obeys the principle of minimum action. The 
expansion path extends along the damage weak zone, forms the main fracture under the action 
of scouring, and becomes the main channel of fracturing fluid flow [19]. The main fracture of 
fracturing develops from one at the orifice to several coexisting cracks, and they are connected 
with each other, and there are a large number of secondary fractures around them. The 
secondary fractures are interlaced with each other and coexist with the main fractures, forming 
a network distribution. In the process of fracture development, the local turning phenomenon 
of fracture expansion will occur due to the existence of local damage. if the expansion resistance 
of adjacent fractures is small or the flow resistance of fracturing fluid is small, the adjacent 
fractures with large expansion resistance will also be closed[20]. In the area where there is no 
damage around the crack, due to the existence of all levels of cracks, it will have a pressure relief 
effect, the gas permeability of the coal will also increase accordingly, the gas flow resistance will 
be reduced, and the extraction efficiency will be improved [21,22].  

 
Fig.1 Stress-fracture evolution process in coal near fracturing hole 

3. The general situation of short-distance soft coal seam engineering 

The surface elevation of Wu8-32140 working face in Pingdingshan No. 1 Coal Mine is + 137cm 
156m, and the elevation of working face is-788mm. The low extraction roadway of machine 
roadway, air roadway and cut-hole low pumping roadway are all arranged in the stable rock 
layer of 15cm and 20m below the floor of Wu10 coal seam. The strike length of the working face 
is 1288m, the dip length is 240m, the average thickness of the W8 coal seam is 2m, the average 
thickness of the W9 and 10 coal seams is 3.9m, while the average interval between the W8, W9 
and 10 coal seams is only 5m. The measured maximum original gas pressure 4.0MPa, the 
maximum original gas content 11.01m³/t, the coal seam permeability coefficient 
0.032415m2/MPa2*d, the firmness coefficient of the coal in this area is 0.4m. It belongs to the 
soft and difficult coal seam in short distance. Therefore, the W8-32140 working face is selected 
as the engineering background of the experimental research on the combination of hydraulic 
fracturing and antipermeability technology in the short-distance soft coal seam.  
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4. The test of combined hydraulic fracturing technology in short-distance 
soft coal seam 

4.1. Combined hydraulic fracturing drilling design 

Combined with the layout of the W8-32140 working face, the geological survey data of the coal 
seams W8, W9 and 10 in the area, and the actual construction situation of the bottom pumping 
roadway of the air roadway, the first fracturing drill hole is arranged 45m inward at the opening 
of the bottom pumping roadway of the air roadway, and one fracturing drill hole is arranged on 
each roadway at an interval of 50m. The hole number is: the dip angle of CYL1#-CYL10#, 
borehole is 65°. The azimuth of the borehole is vertical downslope(278°), and the drilling is 
stopped at 1m to ensure that the final hole point is in the middle of the coal seam and the final 
hole depth is about 28m. The plan and section of the drill hole design are shown in Figure 2. 

 
(a)Drill hole plan of cross-layer fracturing 

 
(b)Cross-layer fracturing borehole profile 

Fig.2 Borehole design of through-layer hydraulic fracturing 

4.2. The combined hydraulic fracturing anti-reflection test 

Test of anti-permeability technology of hydraulic fracturing in short distance soft coal seam 
maximum pump pressure 36MPa, average pump pressure 32MPa, total fracturing water 401m3, 
single hole fracturing water up to 48m3, average water injection per hole is 40.1m3. After the 
fracturing borehole holds pressure for 3 to 7 days, or the holding pressure drops to 2MPa, the 
end of holding pressure is determined, and the water discharge is controlled. The 
implementation process of joint hydraulic fracturing is shown in Figure 3, and the monitoring 
data curve of joint hydraulic fracturing parameters is shown in Figure 4. 

 
Fig. 3 Experimental implementation technology of anti-permeability technology of combined 

hydraulic fracturing 
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Fig. 4 Monitoring data curve of combined hydraulic fracturing parameters 

5. The effect analysis of combined hydraulic fracturing technology in 
short distance soft coal seam  

5.1. Effective radius analysis of influence range of combined hydraulic 
fracturing 

In order to visually investigate the influence range of high-pressure hydraulic fracturing, the 
change of roadway morphology on both sides is used to determine the influence range. The 
shape of the roadway on both sides of the observation hole is observed and described before 
hydraulic penetration, especially in the vicinity of the more developed structure and the 
development zone of coal fractures. the description range of the roadway should be more than 
50m away from the hole, which can be adjusted according to the scale of hydraulic penetration. 
After hydraulic antipermeability, the influence radius of hydraulic fracturing is determined by 
observing whether the coal wall is out of water and whether the roadway is deformed. 
Combined with the fracture migration and seepage morphology of surrounding rock on both 
sides of the fracturing test site, it is concluded that the effective influence radius of CYL01-10# 
fracture hole fracturing is expected to be 32m, 38m, 29m, 32m, 35m, 35m, 33m, 28m, 50m and 
46m respectively. To sum up, the effective influence range of hydraulic fracturing in the test 
area is 28-50m. After fracturing, the movement and seepage of surrounding rock fissures on 
both sides of the roadway and the statistical diagram of the scope of influence are shown in 
Figures 5 and 6. 

 
Fig. 5 Fracture migration and water seepage in surrounding rock of fracturing roadway 
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Fig. 6 Statistics of the radius of fracturing influence area 

5.2. Analysis of Gas drainage effect of permeability increasing by combined 
hydraulic fracturing.  

After the joint hydraulic fracturing construction of short distance coal seam and the end of 
holding pressure, 5m × 5m,6m × 6m, 7m × 7m and 8m × 8m penetrating boreholes were 
designed and constructed in the fracturing affected area, with a total of 111 boreholes.  

The fracturing boreholes and inspection boreholes are incorporated into the drainage pipeline 
system, and the extraction data are tracked periodically, and the extraction concentration and 
pure quantity of single hole are investigated from the gas permeability coefficient of short 
distance coal seam after fracturing, single hole of fracturing boreholes and gas extraction. The 
specific application effect of gas drainage technology of high concentration and high pure gas 
in surface power generation system is comprehensively analyzed in all aspects, such as high 
concentration, high pure gas clean and reuse, etc. The detailed analysis is as follows:  

(1) the permeability coefficient of short distance coal seam is greatly increased after combined 
hydraulic fracturing. 

The plastic strength of coal body increases under the action of water, and tree-shaped cracks 
are formed in the coal body after cementation of powder coal body, and the permeability 
coefficient of coal seam increases greatly. The permeability coefficient of coal seam affected by 
short-distance coal seam combined hydraulic fracturing is 0.839896m2/ MPa2.d, which is 25.9 
times higher than that before the implementation of short-distance soft coal seam combined 
anti-permeability technology. The comparison of coal seam permeability between fractured 
area and unfractured area is shown in Figure 7.  

 
Fig. 7 Comparison of coal seam permeability between fractured area and unfractured area 

(2) Unprecedented breakthrough of single hole pumping concentration and scalar quantity in 
cross-layer fracturing boreholes 

The hydraulic fracturing boreholes of short distance coal seam combined with hydraulic 
fracturing have been measured continuously for 150 days. it is found that the initial 
concentration of boreholes in the hydraulic fracturing area is lower than that in the unfractured 
area. however, after 49 days, the extraction concentration of fracturing boreholes in the 
fracturing area climbed to a peak of 92.1%. Maintain high concentration of 75.1-91.3%. On the 
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other hand, the borehole extraction concentration in the non-fracturing area climbs to the peak 
value of 62.8% after 25 days, and then sharp angle attenuation occurs, keeping the low 
concentration 30.4-40.1% stable. This is due to the existence of fracturing water in the initial 
stage of the fracturing hole, which has a "water locking effect" on the coal gas fracture channel, 
resulting in slow gas migration, but after waiting for the pressure retention and drainage in the 
fracturing hole, the "water locking effect" becomes weak. the coal fractures guided by fracturing 
water provide the optimal channel conditions for gas release and migration, and the gas 
permeability of the regional coal seam can be improved, so the gas concentration in the 
fracturing hole will climb to the peak value of high concentration in a short time. In the later 
stage of high and stable concentration, it is found that the attenuation of gas drainage 
concentration in fracturing boreholes is slower than that in unfractured boreholes, which 
ensures that the boreholes can realize high concentration gas drainage. The monitoring curve 
of gas drainage concentration in fracturing boreholes and unfractured common boreholes is 
shown in Figure 8. 

 
Fig. 8 Monitoring curve of gas drainage concentration in fracturing boreholes and unfractured 

common boreholes 

In addition, the single-hole pumping mixture of some hydraulic fracturing holes is tracked and 
counted by installing a gas meter at the orifice, and the average single-hole pumping pure 
quantity is calculated to be stable at 0.085 m ³/ min, which is 4.25 times higher than that of all 
kinds of ordinary boreholes in the mine. 

The comparative analysis of through-layer fracturing boreholes in terms of extraction 
concentration and single hole scalar has achieved an unprecedented breakthrough in the 
application of mine gas drainage technology. The comparison of single-hole extraction volume 
between fracturing boreholes and unfractured common boreholes is shown in Figure 9. 

 
Fig. 9 Comparison of single-hole pumping pure quantity between fracturing boreholes and 

unfractured common boreholes 

(3) Gas drainage investigation borehole single hole drainage concentration and scalar quantity 
are greatly increased 

After the completion of combined hydraulic fracturing and pressure holding in short-distance 
coal seams, there were 32 boreholes with an initial concentration of more than 90%, accounting 
for 29%, 72 boreholes with an initial concentration of 70%, accounting for 65%, and 7 
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boreholes with an initial concentration of less than 70%, accounting for 6%. Under 5m × 5m, 
30 6m × 6m, 24 7m × 7m, 21 8m × 8m grids, the average single-hole extraction pure amount 
63~79L/min is 3.15 ~3.95 times higher than that of other unfractured areas in the same unit, 
and the maximum single-hole extraction pure amount is 280L/min, and the average single-hole 
extraction pure amount is 79L/min, which is about 3.95 times higher than that of other 
unfractured areas in the same unit. The statistics of the initial concentration of single hole in 
the fracturing area is shown in Figure10. 

 
Fig. 10 Statistics of initial concentration of single hole in fracturing area 

5.3. Analysis of gas cleaning and reuse by combined hydraulic fracturing 

Since the gas drainage borehole in the short distance coal seam combined hydraulic fracturing 
area was incorporated into the extraction system, the extraction concentration of the system 
has been stable at 45% ~55% for a long time, the mixed flow rate has been stable at 8 ~ 10 
m/min, and the pure volume has been stabilized at 4 ~ 5 m/min. At the same time, the gas 
drainage system has been incorporated into the ground discovery system to provide stable gas 
supply for surface gas generator sets. To realize the full-load operation of two gas generator 
sets on the ground, the gas generation capacity has been increased from a maximum of 16000 
Kw*h/day, gas utilization rate of 11000 to 35000 Kw*h/ day and gas utilization rate of 
23000m3/day, which has achieved a new breakthrough in mine gas utilization. The gas 
concentration and scalar monitoring curves of the extraction system in fractured and 
unfractured areas are shown in Figures 11 and 12.  

 
Fig. 11 Gas concentration monitoring of extraction system in fractured and unfractured area 

 
Fig. 12 Gas pure quantity monitoring of extraction system in fracturing and unfractured area 
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6. Conclusion 

The plastic strength of soft coal increases under the action of water in the anti-permeability 
area of combined hydraulic fracturing, and tree-like fissures are formed inside the cemented 
coal body, and the effective radius of fracturing is more than 50m. Within the fracturing range, 
the in-situ stress in the local area above and under the coal seam is redistributed, forming a 
similar protective layer mining effect, and the pressure relief and permeability increase in the 
local area is realized. The measured permeability coefficient of coal seam is 0.839896m2/ 
MPa2.d, which is 25.9 times higher than that before the implementation of the combined 
permeability enhancement technology of short distance soft coal seam. 

In the initial stage of the fracturing hole in the anti-permeability area of combined hydraulic 
fracturing, due to the "water locking effect" between gas and fracturing water in coal fractures, 
the initial concentration is low, and the "water locking effect" becomes weaker after holding 
pressure and draining. Fracturing fissures provide optimal channel conditions for gas 
migration, and the gas concentration in the hole quickly climbs to the peak of high 
concentration and maintains the high concentration stability of 75.1~91.3%. Compared with 
unfractured boreholes, the concentration attenuation slows down obviously. The average 
single hole pumping volume of 0.085 m ³/ min is 4.25 times higher than that of unfractured 
holes 0.02 m ³/ min. 

In the joint fracturing area, the boreholes with extraction concentration of less than 70%, 
70~90% and more than 90% account for 6%, 65% and 29%, respectively. The average pure 
amount of 63~79L/min per hole is 3.15~3.95 times higher than that in the unfractured area, 
and the gas drainage efficiency of through-layer boreholes in the fracturing area is significantly 
improved. 

The drainage system of the short distance coal seam combined with hydraulic fracturing area 
is connected to the surface gas power generation system, the gas power generation is increased 
to 35000 Kw*h/ days, and the gas utilization rate is 23000 m3 / day. The gas drainage in the 
fracturing area has achieved a new breakthrough in mine gas cleaning and reuse. 

The joint fracturing test was carried out on the special high pressure pipeline for pre-buried 
fracturing in both upper and lower coal seams, and the multi-stage cyclic hydraulic fracturing 
technology of close coal seams was optimized and formed: fracturing hole pump pressure 22-
36MPa, single hole water injection 25-48m3, cyclic water injection 1-3 times, and pressure 
retention for 72 hours, pressure relief and continuous pumping, which can effectively ensure 
the combined fracturing effect and efficient gas extraction and utilization of short-distance coal 
seams. The test results will provide a certain reference for other mines to implement the 
combined hydraulic fracturing technology under the condition of similar short-distance soft 
coal seam. 

Acknowledgments 

The study was supported by Technological Innovation and Entrepreneurship Fund Special 
Project of Tiandi Technology Co., Ltd. (2022-2-TD-ZD008). 

References 

[1] Wang Dongsheng. Simulation of gas flow law of three-dimensional drainage in short-distance coal 
seams [J].Journal of Coal, 2011, 36 (01): 86-90. 

[2] Li Shuqing; He Xueqiu; Li Shaoquan, et al. Experimental study on overburden movement and 
fracture dynamic evolution in double pressure relief mining of coal seam group [J]. Acta Coal Sinica, 
2013,38 (12): 2146-2152. 



International Journal of Science Volume 11 Issue 4, 2024 

ISSN: 1813-4890  
 

251 

[3] Li Shuqing; Yan Zhi. Analysis of gas prevention and emission law in protective layer mining under 
short distance coal seam group [J]. Coal Mine Safety, 2013,44 (10): 199-201. 

[4] Zhao Heping; Wang Xiangdong. Study on the system of gas treatment technique in the area of short-
distance outburst coal seam group based on "three-zone linkage" [J]. Coal Technology, 2022,41 (09): 
138-142. 

[5] Cheng Zhiheng; Chen Liang; Zou Quanle, et al. Study on High efficiency Co-Mining Technology 
system of Coal and Gas in short distance Coal seam Group--A case study of Shaqu Mining area in 
Luliang, Shanxi Province [J]. Coal Science and Technology, 2021,49 (02): 122-137. 

[6] Cai Feng; Liu Zegong. Enhanced permeability enhancement technology of upward hydraulic 
fracturing in deep low permeability coal seam [J]. Acta Coal Sinica, 2016,41 (01): 113-119. 

[7] Qin Jiangtao; Chen Yutao. Research and application of combined anti-permeability technology of 
high pressure hydraulic fracturing and punching in low permeability coal seam [J]. Mining Safety 
and Environmental Protection, 2021,48 (06): 53-57. 

[8] Deng Qiang. Application of hydraulic fracturing outburst technology in gas control of low 
permeability coal seam [J]. Coal Mine Safety, 2021,552 (01): 98-102.  

[9] Jia Bingyi; Chen Jian; Fang Qinyue. Exploration of High efficiency Gas extraction Technology in Deep 
Coal seam under complex Geological conditions [J]. China Mining, 20232,32 (08): 89-94. 

[10] Fu Shuai; Lu Pingyang; Wang Jiajian, et al. Mao Guoli. Study on gas drainage technology of high-level 
boreholes in short-distance soft coal seams [J]. Coal Science and Technology, 2016,44 (11): 78-81. 

[11] Chen Dongdong. Gas drainage technology of sectional hydraulic fracturing in long boreholes of 
medium-hard coal seam in Binchang mining area [J]. Coal Engineering, 2023,55 (07): 72-77. 

[12] Cui Ruiqing; Zhu Chuanjie. Research and application of hydraulic fracturing technology in 
improving gas drainage effect of coal seam [J]. Coal Science and Technology, 2023,44 (03): 114-118. 

[13] Wen Guangcai; Yang Shuo; Cao Guang. Experimental study on the effect of water sensitivity damage 
on anti-permeability effect of hydraulic fracturing in coal seam [J]. Mining Safety and Environmental 
Protection, 2022,549 (04): 65-71. 

[14] Wang Shibin; Wang Gang; Chen Xuechang, et al. Numerical simulation study on permeability 
increasing and gas drainage of coal seam hydraulic fracturing based on PFC2D-COMSOL [J]. Coal 
Mine Anquan, 2022,553 (10): 132-140. 

[15] Shi Xiaohong; Zhao Lipeng; Li Juntang, et al. Anti-permeability technology of hydraulic fracturing in 
coal seam with low permeability and high gas in complex structural zone [J]. Mining Safety and 
Environmental Protection, 2022,49 (03): 101-106. 

[16] Zhang Siwei. Study on the application of hydraulic fracturing technology in mine gas drainage [J]. 
Energy and Environmental Protection, 2019,41 (11): 50-53. 

[17] Liu Changyi. Application of hydraulic fracturing technology in the field of coal mine gas prevention 
and control [J]. New Technology and New products in China, 2020, (03): 141142. 

[18] Lin Haifei; Longhang; Li Shugang, et al. Development and application of true triaxial test system for 
whole process of coal gas adsorption and desorption and fracturing seepage [J]. Journal of Rock 
Mechanics and Engineering, 2022,541 (S2): 3294-3305. 

[19] Qiu Yuchao; Liang Weiguo; Li Jing, et al. Study on hydraulic fracturing pattern of heterogeneous 
elastic-plastic coal [J]. Journal of Coal, 2022,047 (10): 3668-3679. 

[20] Li Shouguo; Jiang Wenzhong; Jia Baoshan, et al. Application and prospect of fracturing and 
permeability increasing technology in low permeability coal seam [J]. Coal Science and Technology, 
2017,45 (06): 35-42. 

[21] Zhang Mingjie; Li Yongsheng; Wang Linzheng. Research and application of hydraulic fracturing 
pressure relief and anti-permeability technology [J]. Coal Technology, 2016,35 (11): 127-129. 

[22] Cui Gang. Underground permeability increasing technology of low permeability coal seam group [J]. 
Coal Science and Technology, 2016,44(05): 151-154. 


