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The formation and later evolution of coal-bearing basins in eastern

Heilongjiang are controlled by multi-phase tectonic movements, and the

Shuangyashan Basin is tectonically located at the southern end of the

Sanjiang Basin in the northeast. The paper focuses on the regional

geological and tectonic evolution of the Shuangyashan Basin and its

influence on the gas occurrence law and extraction difficulty of the Jixian

Coal Mine. The study determined that the gas occurrence of the mine in the

Suibin-Jixian depression basin has regional aggregation and caprock sealing

characteristics. The gas pressure and content of the 9# Coal Seam were

measured in the underground test, and the results showed that the 9# coal

seam is a hard-to-extract coal seam with low permeability. Aiming at the

issue of hard-to-extract gas in 904 Working Face of 9# Coal Seam which is

affected by depression basin and derived secondary tectonic conditions,

numerical calculation and analysis of gas extraction effect of working face

with different extraction parameters were carried out by COMSOL software,

the results showed that: negative extraction pressure has less influence on

gas extraction effect under basin conditions; when 113 mm diameter

borehole is used for gas extraction, gas pressure decreases to 0.72 MPa;

when the spacing of extraction borehole is 2 m, the gas pressure is reduced

by 20%; when the coal seam permeability is increased by 10 times to more

than 0.015 mD, the gas pressure is reduced by more than 50%. The

optimized gas extraction scheme with 113 m diameter, 2 m borehole

spacing, and 15 kPa negative pressure was proposed for the test working

face, and combined with supercritical CO2 fracturing and permeability

enhancement technology. Under underground measurement, the coal

seam gas content was reduced by 39.7% compared to the original gas

extraction scheme. It can be seen that the reasonable gas extraction

scheme and coal seam pressure relief and permeability enhancement

technology can significantly improve the gas extraction rate, and the

extraction effect is remarkable.
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1 Introduction

Coal seam gas is a product of geological action (Dazhen

et al., 2021). The regional tectonic background and its

evolution control the formation and distribution of

coalbed methane accumulation zones (Liu et al., 2022).

The mine structure controls the gas zoning characteristics,

and the working face structure determines the local gas

enrichment area and outburst dangerous area (Zhang

et al., 2022a). As a typical geological tectonic, the basin is

formed under the action of crustal tectonic movement. The

stratum is squeezed or stretched, a downward bending

fracture occurs, and its internal structure is damaged to

varying degrees. Under the influence of basin conditions,

regional coalfields will be in the scope of certain closed-type

tectonic traps, which are mostly reserved with low

permeability hard-to-extract coal seams (Liu et al., 2021).

In addition, the thickness of the overlying strata in the

depression basin increases, which acts as a sealing cap for

the gas occurrence in the lower coal seams, effectively

blocking the gas migration and diffusion, resulting in a

sharp increase in the gas content of the coal seams. Liu Li

et al. proposed the gas occurrence characteristics of

Cambrian-Ordovician shale in the Tarim Basin. The

research results enriched the theory of marine shale gas

accumulation and provided theoretical guidance for the

“three depressions and four uplifts” model of marine shale

(LIU et al., 2018). He Shuxian et al. discussed the influence of

fracture development characteristics on gas quantity under

the conditions of the Sichuan Basin. The study found that

fracture development provides a channel for gas desorption,

and the free gas content in the fracture development section

accounts for more than 55% of the total gas content (He et al.,

2022a). Therefore, there is an urgent need to extract the gas

generated during coal mining under basin conditions. The

coal permeability is directly related to the extraction

efficiency and attainment time of coal seam gas under

basin conditions (Zou et al., 2022). Domestic and foreign

scholars simulated the transient changes of coal permeability

by proposing the intrinsic constitutive equation on the scale

of fractured coal (Abouloifa et al., 2021), proposed a new coal

seam permeability measurement method based on

considering the equivalent scale characteristics of coal

matrix-fracture structure, effective stress, and matrix

adsorption-induced strain permeability evolution model,

and verified the reliability of the new method by

comparing with field test data (Guo et al., 2021). For

other gas extraction parameters, Huihuang Fang used the

Hudi Coal Mine in the Qinshui Basin as the study area to

analyze the overlying load differences in gas pressure

distribution and factors affecting the effective extraction

radius and found that extraction time, extraction borehole

diameter, extraction negative pressure, permeability and

effective extraction radius were exponentially related

based on COMSOL simulation (Fang et al., 2022).

Many studies have been done by domestic and foreign

scholars on the characteristics of gas occurrence in basin

conditions and optimization of gas seepage characteristics

and extraction parameters in mines, and a lot of results have

been achieved. However, there are few studies on gas

extraction in which the gas occurrence is characterized by

regional aggregation and caprock sealing due to the influence

of the depression basin. Based on the regional geological and

tectonic evolution of the Shuangyashan basin and the study

of the gas occurrence law and extraction difficulty of the

Jixian Coal Mine, this paper determines that the coal seam

belongs to the hard-to-extract coal seam with low

permeability, and proposes the gas extraction technology

and gas extraction optimization scheme by applying

supercritical CO2 fracturing to pressure relief and

permeability enhancement. The research results provide

theoretical and technical guidance for coal seam gas

extraction technology under basin conditions.

2 Analysis of tectonic evolution of the
Shuangyashan Basin and its influence
on mine gas occurrence

2.1 Tectonic evolution of the
Shuangyashan Basin

The tectonic framework of the coal-bearing basin group in

eastern Heilongjiang is a product of the overlapping of the

Paleo-Asian Ocean tectonic domain and the Marginal-Pacific

tectonic domain and the transformation to the Marginal-

Pacific tectonic domain (Zhao et al., 2022). Basin formation

and later evolution are controlled by multi-phase tectonic

movements, which are the main driving force for the

development of the Eastern Basin Group. The coal-bearing

basin is a dustpan-shaped structure in the longitudinal

section, which is deep in the south and shallow in the

north, steep in the south, and gentle in the north. Jixi

Basin, Boli Basin, and Sanjiang Basin are distributed in

order from south to north in their structural positions.

Shuanghua Basin and Shuangyashan Basin are formed at

the southern end of the Sanjiang Basin due to the Huanan

Uplift, as shown in Figure 1A.
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The Sanjiang Basin is mainly spreading in a north-easterly

direction, consisting of the Suibin Depression, the Fujin

Uplift, and the Qianjin Depression from west to east (GUO

and WANG, 2008), as shown in Figure 1B. In the late Early

Cretaceous, the Suibin Depression underwent strong alluvial-

fold deformation, with massive uplift and intense denudation

of the basin, a process that probably continued until the

Paleogene rift, and since the Cenozoic, the Suibin

Depression has undergone weak extension and subsidence,

resulting in the present-day tectonic landscape. It can be seen

that the Suibin Depression in the Sanjiang Basin generally

shows the basin characteristics of superposition of multi-

FIGURE 1
Structural evolution of eastern Heilongjiang Basin.

FIGURE 2
Structural features of Jixian Coalfield and mining engineering plan of study area.
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phase extrusion and extensional deformation, while the

Shuangyashan-Jixian coalfield in the study area is located at

the edge of the Suibin Depression basin.

2.2 Geological and tectonic evolution of
the Jixian Coalfield

The Jixian Coalfield is located in the Suibin-Jixian

Depression Basin, which ranges from the Jiamusi Uplift in

the west to the Fujin Uplift in the east. The coal measure strata

are generally a north-dipping syncline structure, with steep

western flanks and gentle eastern flanks. Secondary structures

are developed in each uplift zone and depression zone. In the

southern part of the Suibin-Jixian Depression, there are the

Dongrong Syncline, Suoligang Anticline, Xinganzhen

Syncline, Zhongfutun Anticline, and Yaolinzi Syncline,

which play a controlling role in the tectonic framework of

the Jixian Coalfield. The Sujiadian-Bijiashan Fault on the

southwestern edge of the coalfield is obliquely connected

with the near east-west Beigang Fault, forming an “arc

structure” in the local area. Jixian coal mine is located in

the south of the Jixian coalfield, which is part of the

Shuangyashan Jixian coalfield, as shown in Figure 2A.

2.3 Analysis of the coal seam gas
occurrence in the Jixian Mine

Jixian Coal Mine is located in the north wing of the Jixian

Syncline between the Soligang Anticline and the Jixian

Anticline in the depression zone. The thickened coal seam

in the center of the depression basin forms a good caprock

sealing to the gas enrichment area below (Wang et al., 2021a),

leading to a further increase in gas content. At the same time,

due to the influence of the latitudinal tectonic system, the area

is subjected to north-south extrusion. The Beigang Fault lifts

the southern wing of the Jixian Syncline, weathering, and

denudation, while the northern wing is preserved, forming a

monoclinic structure with strata striking nearly east-west and

small folds developing locally due to the cutting of the fault.

The complex geological and tectonic conditions in the

wellfield play a controlling influence on the regional

accumulation of gas in the mine.

The mineable coal seam in Ji Xian Wellfield is Chengzihe

Group, the main mining nine# coal seam, the depth of the coal

seam buried is 689 m; and the roof and floor of the coal seam are

more stable, with mostly fine sandstone and siltstone of poor

permeability, which plays an obstructive and sealing role in the

migration of gas. With the increase of mining depth, the high gas

area has appeared underground, the measured gas content has

been as high as 14.72 m3/t, and the absolute gas emission from

the working face has been as high as 20 m3/min.

Under the influence of the geological and tectonic conditions

of the Suibin-Jixian Depression Basin, the Jixian mining area is

subject to greater radial extrusion stress, the fissures of the coal

rock body are compressed and dense, the permeability is

significantly reduced, the gas is difficult to migrate in the

vertical direction, blocking the communication fissure

channels between the deep coal seam gas and the surface,

which plays a closed role in the coal seam gas, resulting in

deep coal seam with high gas content.

3 Gas parameter test and occurrence
characteristics analysis of working
face

3.1 West mining area 2 904 working face
general situation

To better analyze the gas occurrence characteristics of the

Jixian Coal Mine under the conditions of the Suibin-Jixian

Depression Basin, the 904 Working Face of the 9# coal seam

in theWest Mining Area 2 of the Jixian Coal Mine was selected as

the research area. The 904 Working Face is located at the -450 m

level of the mine, geographically located in the eastern part of the

West Mining Area 2. The northern part of the Working Face is

the West No. Two mining area track downhill, the southern part

is the Beigang Fault, the western part is theWest No. TwoMining

Area 905 Preparation Working Face, and the eastern part is the

West No. Two Mining Area 903 Goaf. 904 Working Face mining

engineering plane diagram is shown in Figure 2B. The No. One

Syncline of the Jixian Mine is located in the West Mining Area 2,

with an axial direction of nearly north-south and an axial length

of about 1.6 km, and the No. 904 Working Face is located in the

southern central axis of the No. One Syncline.

3.2 Testing of gas parameters at working
face 904 in west mining area 2

Based on the influence of the above depression basin conditions

on the characteristics of mine gas occurrence, the researchers

conducted underground tests on the basic parameters of 9 # coal

seam gas in the 904 Working Face of the West Mining Area 2 of

Jixian Coal Mine, mainly including gas pressure, gas content,

borehole flow attenuation coefficient, permeability coefficient, and

other indicators. The test results are shown in Table 1.

According to the underground test results, it can be seen that the

9# coal seam studied in this paper has a poor pore development

degree, the ultimate adsorption a value of gas is 26.237 m3/t, the

permeability coefficient of the coal seam is 0.06 m2/(MPa2•d), the
maximum gas pressure of the coal seam at themeasurement point is

0.22MPa, and the 9#coal seam is determined to be the hard-to-

extract coal seam with low permeability.
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3.3 Analysis of gas occurrence
characteristics in the working face

Under the influence of the regional depression basin

conditions, secondary derivative structures exist at the working

face of the Jixian Coal Mine, resulting in the regional aggregation

characteristics of the mine gas occurrence. According to Figure 2B,

taking 904 Working Face in the West Mining Area 2 as an

example, during the formation of the Suibin-Jixian Depression

Basin, No. One Syncline structure was derived from the working

face, resulting in shearing of the coal seam as a soft layer and

bending of the surrounding rocks as a hard layer, the primary

surface of the coal seam was damaged by splitting under shearing

and plastic sliding along the syncline axis, and the interlayer sliding

further damaged the primary structure of the coal seam,

metamorphosing it into an extremely soft or loose tectonic coal

(Zhang et al., 2022b), which increases the adsorption capacity of

the coal body and traps more gas in the coal seam.

Under the action of tectonic stress, the two wings of the

No.1 Syncline structure of the 904 Working Face and the axis

are above the neutral layer as a high-pressure zone, and below the

neutral layer forms a relatively low-pressure zone, as shown in

Figure 3. The non-uniformity of the stress state on both sides

bounded by the neutral layer determines the zoning

characteristics of the gas in the working face (Yuan et al., 2020).

In addition, the upper compression thickening of the synclinemakes

the fractures and pores in the coal-rock mass compacted, reducing

the lower gas seepage and escape; the lower layer of syncline

structure produces tensile fracture or fracture surface under the

action of tension, and the joints andmicropores in the coal body are

expanded. The expansion of space reduces the desorption pressure

and forms a good gas accumulation space, which is helpful for the

TABLE 1 Test results of gas parameters at working face of nine# Coal Seam in West Mining Area 2.

Testing/Sampling location Test parameters Test value

150 m in front of the setup room of 904 Working Face Gas adsorption constant a (m3/t) 26.237

b (MPa−1) 0.335

904 Working Face middle roadway Residual gas content of coal seam (m3/t) 3.67

904 Working Face middle roadway The maximum gas pressure of the coal seam at the measurement point (MPa) 0.22

450 m from the headgate of 906 Working Face Borehole gas flow decay coefficient (d−1) 0.2142

450 m from the headgate of 905 Working Face Coal seam permeability coefficient m2/(MPa2·d) 0.06

50 m in front of the setup room of 904 Working Face Gas release initial velocity index 7.1

150 m in front of the setup room of 904 Working Face 7.9

FIGURE 3
Schematic diagram of pressure zoning of the synclinal structure.
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desorption of adsorbed gas in coal seams. Therefore, the depression

basin not only affects the gas content of the mining area but also

derives the secondary structure of the working face under the

condition of the depression basin, which together affects the

zoning of the gas content in the mining area and the difference

of the gas content in the working face.

4 Simulation analysis of gas pre-
drainage effect on working face

4.1 Establishment of a numerical model of
the extraction system

According to the test results of the underground gas parameters

of the 904 Working Face in the West Mining Area 2, gas pre-

drainage must be carried out in the 904 Working Face in the West

Mining Area 2. To better test the effect of gas pre-drainage in the

working face, the corresponding extraction system model was

established using COMSOL software according to the layout of

the working face and the layout of extraction boreholes, with the

model size of 60 m x 25 m x 3m, as shown in Figure 4.

Based on the original gas extraction scheme for the

904 Working Face in the West Mining Area 2 of the Jixian

Coal Mine, the base parameters for the numerical simulation

were determined, as shown in Table 2.

The simulation specifically investigates the effect of different

extraction parameters (extraction negative pressure, borehole

diameter, borehole spacing, and permeability) on the gas

extraction effect of the working face, and a total of four sets

of extraction parameters are designed for the comparison scheme

(only the corresponding extraction parameters are changed,

FIGURE 4
Gas extraction model diagram.

TABLE 2 Numerical simulation base parameters of the original extraction scheme.

Parameters Numerical value Parameters Numerical value

Coal seam thickness H1 1.5 m Length of working face 194 m

Direct floor thickness H2 0.7 m Strike length 410 m

Direct roof thickness H3 1.7 m Gas pressure (av. value) 1.09 MPa

Slippage factor b 0.76 MPa Gas dynamic viscosity μg 1.84×10–5 Pa s

Sealing length 10 m Borehole length 140 m、60 m

The dip angle of coal seam 9° Porosity 0.063

Permeability 0.0015mD Borehole spacing 3 m

Langmuir pressure constant PL 2.985 MPa coefficient of horizontal pressure 0.8、1.5

Langmuir volume parameter VL 0.026237 m3/kg Gas desorption References temperature Tt 300 K

Coal seam gas content 4.5 m3/t (2.3–6.6 m3/t) Borehole distance from coal seam floor h1 0.8 m

Overlying strata stress 17 MPa–18.5 MPa
(680m–730 m)

Biot effective stress coefficient α 0.92
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other parameters are the same as the original scheme). The

numerical simulation parameters of the comparison scheme

are shown in Table 3.

According to the IInterim Provisions for Coal Mine Gas

Extraction to Meet StandardsJ: “If the coal seam gas content or

pressure at the depth of the initial coal seam outburst is not

examined, the coal seam gas pressure is reduced to less than

0.74 MPa” Using 0.74 MPa as the extraction requirement for the

study of gas pre-extraction.

4.2 Effect of different extraction
parameters on gas pre-drainage in
working face

4.2.1 Effect of negative extraction pressure on
the effectiveness of gas extraction

The extraction negative pressure and the coal seam gas

pressure form the pressure gradient in the coal body together,

which provides the power for the gas flow (Wang et al., 2021b).

The practice has proved that too high or too low extraction

negative pressure will seriously affect the extraction effect. Only

by combining the characteristics of coal seam gas occurrence can

we determine a reasonable negative pressure interval suitable for

the extraction of this coal seam. Figure 5A shows the gas pressure

curves of different extraction negative pressures from extraction

to 360 days. It can be seen from the diagram that when the

negative pressure of extraction increases or decreases, the gas

pressure value does not change. It shows that the change in

extraction negative pressure is not the main factor affecting the

effect of gas extraction in the depression basin.

4.2.2 Effect of borehole diameter on gas
extraction

The diameter of the extraction borehole is an important

indicator for improving the efficiency of gas extraction. Large-

diameter boreholes increase the exposed area of the coal body

and increase the extent of the pressure relief zone around the

borehole, resulting in more fissures and providing channels for

the flow of coal seam gas (Li et al., 2020). However, in the actual

extraction process of underground gas, increasing the diameter of

the borehole can lead to difficulties in construction and sealing. As

can be seen from Figure 5B, the gas pressure at the same location

decreases as the diameter of the borehole increases under the same

conditions of gas extraction. This indicates that the larger the

diameter of the extraction borehole, the better the gas extraction

effect. The gas pressure was 0.765 MPa and 0.747 MPa for borehole

diameters of 64 mmand 94 mmrespectively, which did notmeet the

extraction requirements. The gas pressures for 113 mmand 130 mm

boreholes were 0.720MPa and 0.718MPa respectively, which met

the extraction requirements. The decrease in gas pressure from

64mm to 94 mm is greater than the decrease in gas pressure from

113 mm to 130 mm, indicating that the effect of increasing the

diameter of the borehole on gas extraction is reduced to a certain

extent. Under the condition of meeting the extraction requirements,

it is suggested to adjust the borehole diameter to 113 mm.

4.2.3 Effect of borehole spacing on gas
extraction

Different borehole spacing affects the gas extraction flow rate

and effective gas extraction area (Wei et al., 2019), which in turn

affects the gas extraction effect. A reasonable borehole arrangement

can effectively utilize the optimum radius of the borehole (Zhang

et al., 2019) in the gas extraction process and significantly improve

the gas extraction efficiency. Figure 5C shows the gas pressure curves

for different borehole spacing for 360 days of extraction time. The

gas pressure in the vicinity of the extraction borehole rises as the

spacing of the boreholes increases. The smaller the spacing of the

boreholes, the faster the gas pressure around the borehole drops and

the better the extraction effect. However, the gas pressure is still high

at the distance from the borehole. In the original scheme, the gas

pressure is 0.737MPa when the borehole spacing is 3 m. When the

borehole spacing is 2 m, the gas pressure is 0.593MPa, and the gas

pressure decreases greatly. Therefore, it is suggested that the

borehole spacing be adjusted to 2 m, and the gas extraction effect

will be better.

4.2.4 Effect of permeability on gas extraction
As one of the key parameters in the process of gas

migration, the coal seam permeability has a direct impact

TABLE 3 Comparison scheme of different gas extraction parameters.

Parameters
Group

Scheme 1 Scheme 2 Scheme 3 Scheme 4

Extraction negative
pressure/kPa

Borehole
diameter/mm

Borehole
spacing/m

Permeability increase
multiplier

1 15 64 1 10

2 20 94 2 20

3 25 113 3 50

4 30 130 4 100
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on the effect of gas extraction (Jing et al., 2020; Fu et al., 2022;

Vasilenko et al., 2022). Figure 6 shows the gas pressure curves

at 50, 100, 200, and 365 days of gas extraction at the working

face when the coal seam permeability is increased by different

multiples. Comparing the gas pressure curves for different

permeability at the same time, we can see that the larger the

permeability, the faster the gas pressure drops and the better

the extraction effect. At different times and with the same

permeability, the gas pressure decreases gradually as the

extraction time increases.

4.3 Gas extraction optimization scheme

Analyze the influence of gas extraction parameters on the

extraction effect of the working face, combined with the gas

occurrence of the working face, and propose the optimization

scheme of gas extraction parameters and boreholes arrangement:

adjusting the negative pressure of extraction to 15 KPa; and using

113 m diameter, double rows of parallel holes with depths of

60 m and 140 m respectively for gas extraction of the working

face. The boreholes are spaced at 2 m. Both sides of the working

face are drilled parallel to each other as pre-extraction boreholes

for the pre-extraction boreholes of gas from the nine# coal seam.

When the pre-extraction working face becomes the mining

working face, the pre-extraction borehole is used for the

extraction while the mining borehole unloads the coal seam

for gas extraction. Take the 904 working face as an example, the

specific gas extraction boreholes optimization layout is shown in

Figure 7.

5 Research on coal seam pressure
relief and permeability enhancement
techniques and gas extraction
scheme

5.1 Research on coal seam pressure relief
and permeability enhancement
technology

According to the numerical simulation results of gas

extraction under different permeability conditions, based

on the application of a gas extraction optimization scheme,

for the hard-to-extract coal seam with low permeability at

904 Working Face, increasing coal seam permeability can

substantially improve gas extraction efficiency. At present,

the pre-fracturing and permeability enhancement

technologies applied underground are hydraulic fracturings,

chemical blasting, and airburst fracturing. The residual

fracturing fluid produced by hydraulic fracturing will cause

serious harm to the environment (Yost et al., 2017), and

traditional chemical blasting will have a potential risk of

ignition to the gas. Therefore, airburst fracturing

technology is most suitable for coal seam permeability

enhancement in the gas extraction process. Among them,

the supercritical CO2 airburst pressure relief technology is

widely used in the field of low permeability and hard-to-

extract coal seam penetration due to its large blasting range,

high permeability coefficient, and strong adaptability (Wang

et al., 2021c; He et al., 2022b). In this paper, the supercritical

CO2 airburst fracturing technology was used to unload and

increase the permeability of 904 Working Faces in the second

west mining area of the Jixian Coal Mine, and the effect of coal

seam permeability increase was measured underground.

FIGURE 5
Influence curve of different extraction parameters on gas
pre-extraction effect in working face.
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FIGURE 6
Gas extraction effect curve of different permeability increase times under different extraction times.

FIGURE 7
The 904 working face gas extraction borehole optimization layout diagram.
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5.2 Supercritical CO2 airburst fracturing
principle and damage range

Supercritical carbon dioxide is injected into the blasting pipe,

and the heating pipe is quickly excited by the initiator, after

detonation in a supercritical state carbon dioxide will be rapidly

vaporized, with its increasing expansion pressure to reach the

ultimate strength of the fixed pressure shear plate, shear plate

break, high-pressure gas released from the energy drainage head,

along the fracture surface or natural fractures quickly spread, to

achieve directional fracture blasting (Sun et al., 2021), from the

center of the source outward in turn to form a crack zone,

fracture zone, and vibration zone, the damage range as shown in

Figure 8.

5.3 Effect of supercritical CO2 airburst
fracturing technology in the underground
working face

Multiple series blasting with ZLQ-38/300 and ZLQ-38/

600 fracturing devices underground with CO2 weight of

0.17 kg and 0.26 kg respectively. The diameter of the

construction borehole is 50 mm. Three boreholes were

FIGURE 8
Comparison diagram of fracturing effect of supercritical CO2 in underground test borehole.

FIGURE 9
Test borehole gas content measurement results comparison chart.
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constructed in the middle roadway of the 904 Working Face for

testing. The borehole spacing was 10 m, and the distance between

the fracturing devices and the borehole wall was 12 mm. The

multi-section fracturing device series blasting method was

implemented. The effect of liquid CO2 fracturing in the

underground working face is shown in Figure 9. After

blasting, the borehole collapses in the hole, the hole wall is

rough, and there are more broken coal blocks.

After using the supercritical CO2 fracturing technology to

relieve the pressure and increase the permeability of the coal

seam in the 904 working face, the gas extraction optimization

scheme was used to extract the gas from the 904 working face.

After the gas desorption in the underground site was completed,

the gas parameters of the three test boreholes were measured. The

measured results were compared with the original gas extraction

scheme and the gas content measured by the gas extraction

optimization scheme. The specific data is shown in Table 4.

Based on Table 4, a comparison graph of gas content

measurement results is obtained as shown in Figure 10, which

shows that the coal seam gas content is reduced by 15.83% by

applying the optimized gas extraction scheme compared to the

original gas extraction scheme. The gas content of the coal seam

with supercritical CO2 fracturing and permeation technology was

reduced by 28.4% compared to the coal seam without

supercritical CO2 fracturing and permeation technology, and

by 39.7% compared to the original gas extraction scheme before

the gas extraction optimization scheme was applied. The gas

extraction optimization program improves the efficiency of gas

extraction in the mine; The application of supercritical CO2

fracturing technology can significantly improve the permeability

of the hard-to-extract with low permeability coal seams.

6 Conclusion

1) By analyzing the tectonic evolution of the Shuangyashan Basin

and the multi-phase extrusion and extensional deformation

characteristics of the Suibin-Jixian Depression, it is determined

that the tectonic activity has a controlling effect on the tectonic

pattern of the coalfield and the coal seam gas occurrence in the

Jixian Coal Mine, and the gas occurrence in the mine has the

characteristics of partition aggregation and caprock sealing, and

the low permeability of nine# coal seam is hard to be extracted.

2) Applying the numerical calculation method, the analysis of

the gas extraction scheme for 904 Working Face of nine# coal

seam in Jixian Coal Mine shows that: coal seam permeability,

TABLE 4 Working face gas content determination.

Parameter scheme Boreholes
number

Gas loss amount
(m3/t)

Gas desorption
amount (m3/t)

Gas residual
amount (m3/t)

Gas content
(m3/t)

Original gas extraction 1–1 0.96 1.89 3.02 5.87

1–2 0.89 1.79 3.06 5.97

1–3 0.92 1.65 3.24 5.79

Gas extraction optimization 2–1 0.84 1.13 2.56 5.01

2–2 0.76 0.99 2.42 4.97

2–3 0.86 1.24 2.76 4.85

CO2 cracking permeability
enhancement

3–1 0.79 0.87 1.98 3.61

3–2 0.67 0.78 1.87 3.42

3–3 0.73 0.91 1.85 3.59

FIGURE 10
Comparison diagram of gas content measurement results.
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borehole diameter, and borehole spacing have significant

effects on gas extraction effect. The gas extraction

optimization scheme of extracting negative pressure of

15 KPa, borehole diameter of 113 m, spacing of 2 m, and

parallel boreholes with lengths of 60 m and 140 m in the two

lanes is proposed.

3) We proposed a supercritical CO2 fracturing permeability

enhancement technology for low-permeability coal seams and

implemented a tandem blasting method with multiple fracturing

devices. Through underground measurements, the gas content of

the coal seam was reduced by 39.7% compared with the original

gas extraction scheme. The reasonable gas extraction scheme and

coal seam pressure relief and permeability enhancement

technology can significantly improve the gas extraction rate.

The research results provide new ideas for the development of

gas extraction technology under basin conditions.
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