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Abstract: The Yangquan coalfield is one of the typical highly gassy mining areas in
China. However, its coal seams are of lower permeability, which are not conductive to
coalbed methane (CBM) drainage. In this study, based on the theory of the ground
movement, we analyzed the principle of coal and CBM coextraction in the Yangquan
coalfield, and established the technology system of coal and CBM coextraction which was
further implemented in the coal and CBM coextraction in the Yangquan coalfield. The coal
and CBM coextraction technologies based on the “pressure-relief and permeability-increase”
effect caused by the mining overburden movement can optimally ensure the safe and
efficient mining and improve the gas drainage rate. A series of developed coal and CBM
coextraction technologies for the Yangquan coalfield were mainly characterized by the
high-level gas drainage roadway. This reached a maximum gas drainage amount of
270,000 m?/day for single drainage roadway and a pressure-relief gas drainage rate of
>90%. Those technologies significantly improved the gas drainage effect safely and
efficiently achieving the coal and CBM coextraction.
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1. Introduction

Coalbed methane (CBM) is a symbiotic or associated gas present in the coal seam with methane as
its main component. In traditional coal mining, CBM is considered a type of hazardous gas, not only
because of the danger of explosions and gas outbursts, but also because of serious threat to the safety
of mine production [1-6]. In contrast, CHa4, the main ingredient of CBM, is a greenhouse gas, whose
greenhouse effect is ~21-23 times as strong as that of CO2 [7-10]. However, the amount of gas
emissions to the atmosphere because of coal mining is ~19.4 billion m® per year in China, resulting in
both the waste of resources and environmental pollution [11]. Moreover, CBM is also a clean and
efficient energy source. According to the statistics of Sun [11], the CBM reserves in China are
36.81 trillion m?, with a considerable amount of onshore conventional natural gas resources. Therefore,
CBM should be considered as a type of resource to extract and utilize so that the adverse effects of
CBM on the safety of the coal production and atmospheric environment can be ultimately eliminated.

At present, the main countries extracting CBM worldwide are China, the USA, Australia, Germany,
and Poland [12—-14]. Among them, the coal seams in America and Australia are of little depth and high
permeability, and surface well predrainage and underground directional long borehole drainage
technologies are their major and minor strategies, respectively. Part of Germany and Poland are similar
to the coal seam conditions in Chinese mining areas; however, their yields are low and the number of
underground coal seams is relatively small; and the gas drainage is mainly dependent on the
underground cross-measure boreholes gas drainage technology [1-6,15]. In contrast, the Chinese coal
seams are of larger depth and high ground stress; therefore, underground drainage is the main approach
to extract CBM. The Yangquan coalfield is one of the most famous typical high-gas coal mines and the
largest mining area causing greenhouse gas emissions in China [16]. The coal seams of the Yangquan
coalfield are of low permeability, low reservoir pressure, and low gas saturation, resulting in a low rate
of the coal seam gas drainage. Therefore, an effective CBM extraction, improving the gas drainage rate
and reducing mine greenhouse gas emissions, has become an urgent problem to be solved in the coal
production in the Yangquan coalfield.

The system of original coal seam and surrounding rock and gas fluid stays in the equilibrium prior
to the mining. During the mining process, the surrounding coal and rock of the working face are
deformed under the effect of the mining pressure and their mechanical parameters, including the porosity,
permeability coefficient of the coal change with the deformation, thus affecting the gas flow in the coal
seam [17,18]. Therefore, based on the effect of pressure relief caused by the ground movement in the
mining process, the coal and CBM were considered as mineral resources for simultaneous extraction in
the mining process, forming two complete coal mining and gas drainage systems, named “coal and
CBM coextraction technology” [19]. This can achieve the safe and efficient mining of the working
face. The coal and CBM coextraction is one of the main contents of the green mining technology for
coal mines and has become the research hotspot of gas drainage technology in high-gas coal mines in
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China [20-23]. In this study, the Yangquan coalfield was studied as an example by the analysis of the
coal seam and gas occurrence characteristics of this mining area, and the coal and CBM coextraction
technology based on the ground movement of the Yangquan coalfield were applied. Moreover,
the implementation effect of the coal and CBM coextraction and gas utilization technology in the
Yangquan coalfield was investigated and is summarized. This study may provide a reference for the
gas extraction and utilization of high-gas coal mines and has important theoretical and practical
significance for improving the gas drainage effect, controlling and preventing coal mine gas disasters,

and reducing greenhouse gas emissions.

2. Gas Occurrence Characteristics in the Yangquan Coalfield

2.1. Coal Occurrence Characteristics

The Yangquan coalfield is located on the northeastern side of the Qinshui basin in Shanxi Province,
on the west wing of the anticline of the Taihang Mountains. It is basically a monocline towards the
northeast, tilting to the southwest. Its main strata bearing coal are the Carboniferous Taiyuan formation
and the Permian Shanxi formation. The total thickness of the coal strata in this mining is 180 m;
the total thickness of the coal seam is in the ~13—15 m range, with a depth in the ~150-500 m range;
the dip angle of the coal seam is generally in the 5°~10° range. This coal mining area contains 16 layers,
of which the main coal seams were 3#, 12#, and 15#, and the local recoverable coal seams were 6#, 8#,
and 9#. These coal seams are higher metamorphic grade coal anthracite, as shown in Figure 1 [24].

Strata

Sharei
formation,
Permian

Taiyuan
formation,

Figure 1. Combined geological column of coal seams.
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The thickness of the 9# coal seam is 0.59 m, and the local recoverable region thickness of this coal
seam is up to ~2 m and is located 76.35 m away from the coal seam roof of the 15# coal seam,
as shown in Figure 1. A gassy layer of K4 limestone with a thickness of ~2 m exists 52.35 m away
from the roof of the 15# coal seam at 22 m beneath the 9# coal seam. The thickness of the 12# coal
seam is 1.4 m and it is 41 m away from the roof of the 15# coal seam. A gassy layer of K3 limestone
with a thickness of 2.84 m exists 7 m beneath the 12# coal seam and 30.54 m away from the roof of
the 15# coal seam. The 15# coal seam, with an average thickness of 6.5 m, had a stable coal with a
complex structure; the immediate roof of the 15# coal seam is black sandy shale, with a thickness in
the ~0—6.5 m range and a basic limestone roof; and the floor mainly comprises the same black sandy
shale with a thickness in the 7-12 m range, and the basic roof was dark gray sandy shale. Overall,
the coal seam in the Yangquan coalfield presents dense structures, high hardness, strong luster,
smooth joint surfaces, and low permeability.

2.2. Coalbed Methane (CBM) Occurrence Characteristics

All the coal seams in the Yangquan coalfield contain methane, and the strata bearing coal is roughly
divided into three gas enrichment sections combined with the position of the main mining coal seam,
i.e., the gas enrichment section of the 3# coal seam and adjacent seams, the gas enrichment section of
the 12# coal seam and adjacent seams and K3 and K4 limestone, and the gas enrichment section of the
15# coal seam and K2 limestone, as shown in Figure 1. In the Yangquan coalfield, the gas content in
each coal seam is different and also varies from place to place within the same seam. The gas content and
gas pressure of the coal seams were in the ~7.13-32.41 m’/t and ~0.25-2.3 MPa range, respectively.
The maximum gas pressure in the 9# and 10# coal seams declined upward and downward.

The total gas resource reserves in the Yangquan coalfield were 644.8 billion m?; the absolute gas
emission was 1918.72 m*/min; the largest gas emission of a single coal mine was 454.65 m*/min;
the largest gas emission of a single working face was 206 m’/min; and the average permeability
coefficient of the coal seams was 0.000375 mD/(M-Pa® d), making the Yangquan coalfield one of the
typical coal seams with difficult extraction of gases in China.

3. The Development of Coal and CBM Coextraction Technology Based on the Ground Movement
in the Yangquan Coalfield

3.1. The Concept of Coal and CBM Co-Extraction

Gas in an underground coal mine comes mainly from coal seams and coal measure strata. Over the
years, CBM was considered to be a harmful gas, affecting the safety of the underground coal mining.
The aims of gas drainage were only to reduce the gas content of coal seams and guarantee the
underground mining safety of high-gas coal mines. However, the gas emissions in coal mine areas
have increased sharply because of the rapid growth of coal production year after year in China, thereby
seriously polluting the atmospheric environment and contributing to the global greenhouse effect.
In contrast, CBM is a clean energy source. Therefore, CBM is extracted as an energy resource,
which has become the new popular consensus [25,26], as shown in Figure 2.
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Figure 2. The concept of coal and Coalbed Methane (CBM) coextraction.

However, the coal seams of the Yangquan coalfield are of low permeability, thereby limiting the
development of gas drainage technology. Coal mine practices have shown that the ground movement
and permeability of the low-permeability coal seam will increase by ten to hundred times, achieving
efficient gas drainage. Therefore, in the mining, the CBM can be extracted together with coal as a
mineral resource, forming two complete coal mining and gas drainage systems, and the gas can be
effectively extracted by the pressure relief effect caused by the ground movement during mining to
achieve the safe and efficient mining of a working face, improving the gas drainage rate and reducing
greenhouse gas emissions at the same time [19].

3.2. Principle of Coal and CBM Coextraction Based on the Ground Movement

The main mining coal seams in the Yangquan coalfield were 3#, 8#, 12#, and 15#. The coal seams
3#, 8#, and 12# have high gas pressure, high gas content, and low permeability. However, the gas
pressure and gas content of the 15# coal seam were less than those if the other main mining coal
seams, and the 15# coal seam was the first mining coal seam.

With the constant mining of the working face in the 15# coal seam, the overlying and underlying
coal seams would undergo deformation and movement, thus changing the original stress field in the
15# coal seam forming the abutment pressure zone. It includes the pressure relief zone and the stress
concentration zone in the seam [5]. In the pressure-relief zone, the gas pressure of the 15# coal seam
would decrease, resulting in a pressure difference between the wall and the coal seam ahead of it.
Then, the gas pressure difference will gradually spread to the front of the wall, thus forming a
changed gas pressure gradient and causing a gas flow, finally presenting the “pressure-relief and
permeability-increase effect”. Moreover, the deformation and fracture of the 15# coal seam affected by
mining can significantly improve the permeability of the coal seam and provide gas flow channels.
Therefore, the amount of gas drainage of the abutment pressure zone could be increased significantly.
Then, intensively extracting CBM in the abutment pressure zone can provide highly efficient coal and
CBM coextraction, improve inseam gas drainage amount, and reduce gas emissions.
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In contrast, the ground movement caused by the mining of the 15# coal seam changed the stress
fields of the overlying and underlying coal seams, resulting in gas pressure relief of the adjacent 3#,
8#, and 12# coal seams. Simultaneously, the surrounding rocks of the 15# coal seam were deformed
and destroyed because of the changes in the stress field, forming inseam separation fracture and
cross-measure vertical broken fissures (Figure 3). Then, the gas-way fracture zone in the overburden of the
15# coal seam was generated and extended, improving the permeability of the gas flow in the coal and
rock, thus providing a large number of flow channels for the pressure-relief gas and continuous
desorption conditions, benefiting pressure-relief gas drainage of the adjacent 3#, 8#, and 12# coal seams.
According to the test results [27], the Panel K7209 (see Figure 4) in the 3# coal seam had ~70% gas
drainage concentration and ~26.92 m*/min gas drainage amounts during mining of the 15# coal seam.

3# coal seam

8# coal seam

12# coal seam
15# coal seam

Figure 3. Cracks development of overburden after mining of the 15# coal seam.
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Figure 4. Schematic diagram of working face layout of these 15#, 3# coal seams.

Because of different coal-rock fracture distributions in different regions, the conditions of gas
desorption and flow were different. The Yangquan coalfield uses different gas drainage technologies to
extract pressure-relief gas in the 15# coal seam and the adjacent 3#, 8#, and 12# coal seams. These gas
drainage technologies reduced the flow of pressure-relief gas of the 3#, 8#, and 12# coal seams to the
working face in 15# coal seam, ensuring safe and efficient mining of the work face in the 15# coal
seam. At the same time, these gas drainage technologies can reduce the gas contents of the 3#, 8#, and
12# coal seams to achieve the safe and efficient mining of the working face in 3#, 8#, and 12# coal
seams. Therefore, the overburden movement and pressure-relief effect caused by the mining of the
inseam working face under the coal seam group conditions can be used to extract pressure-relief gas
from the inseam and adjacent seams to harmonize coal and CBM coextraction, as shown in Figure 5.
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Figure 5. The principle of coal and CBM coextraction based on the ground movement in
the Yangquan coalfield.

3.3. The System of Coal and CBM Co-Extraction Technology in the Yangquan Coalfield

According to the basic principle of coal and CBM coextraction in the Yangquan coalfield, the coal

and CBM coextraction process was divided in the following stages:

(1)

)

3)

The gas drainage prior to the coal mining, i.e., the predrainage of the CBM in the15# coal seam
not only reduced the gas content and improved the mining safety, but also enhanced the mining
efficiency of the 15# coal seam.

The coal and CBM coextraction, i.e., the pressure-relief gas of the 15# coal seam was
effectively extracted by the “pressure-relief and permeability-increase effect” caused by the
mining of the 15# coal seam. Simultaneously, based on the mining effect of the 15# coal seam
on the gas pressure-relief law of the adjacent 3#, 8#, and 12# coal seams, the pressure-relief gas
of the 3#, 8#, and 12# coal seams was effectively extracted by making full use of the favorable
conditions of increasing the permeability of the coal seam.

The gas drainage after the coal mining, i.e., pressure-relief gas in the abandoned gob was
extracted after the end of the mining of the working face, panel, or mine to make full use of the
gaseous resources.

Therefore, according to the process of coal and CBM coextraction, there are three types of gas

drainage technologies corresponding to three stages in this process, namely gas predrainage technology

prior to the mining, pressure-relief gas drainage and abandoned mine methane (AMM) drainage

technologies, thus forming the technology system of coal and CBM coextraction in the Yangquan

coalfield, as shown in Figure 6.
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Figure 6. The system of coal and CBM coextraction technology in the Yangquan coalfield.

4. Coal and CBM Coextraction Technology Based on the Ground Movement in the
Yangquan Coalfield

4.1. Technologies of Coal and CBM Coextraction for the Yangquan Coalfield

Through many years of practice, various gas drainage technology modes for coal and CBM
coextraction have been developed for the Yangquan coalfield [24], such as: (i) the inseam boreholes
technology mode for inseam gas drainage; (ii) the cross-measure boreholes technology mode and the
inclined/strike high-level gas drainage roadway technology mode for pressure-relief gas drainage of
adjacent seams; (iii) the surface well technology mode for AMM drainage, as shown in Figure 7.
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Figure 7. Technology modes of coal and CBM coextraction in the Yangquan coalfield.
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4.1.1. The Advance Pressure-Relief Gas Drainage Technology for Inseam

In the process of mining the 15# coal seam, the “pressure-relief and permeability-increase effect”
was used in the abutment pressure-relief zone (see Figure 8) of the working face to extract inseam
advance pressure-relief gas in the coal body extending the working face of 3—-30 m (see the III and IV
zones in Figure 8) and ensuring no broken gas drainage boreholes among the drainage pipelines 3 m
away from the working face.

Change of

abutment pressure Change of
gas drainage
/ \ ot
I 1 |

Coal face

Figure 8. The change relationship between the abutment pressure and the gas drainage for
working face in inseam: [—the gas emission zone under initial stress; [I—gas emission
zone under increased stress; IIl-—gas emission zone under decreased stress; IV—gas
emission zone under pressure-relief.

At present, the enhanced pressure-relief gas drainage for inseams was implemented in the
Yangquan coalfield, and satisfactory results were obtained. In some gas outburst working faces, the
effect was very significant after the enhanced pressure-relief gas drainage, reducing the strength and
number of outbursts by >80%. The average gas drainage amount of 100 m borehole was 0.051 m>/min,
and the total gas drainage amount was 10.23 million m?>.

4.1.2. The Cross-Measure Borehole Gas Drainage Technology and the Gas drainage Technology of
High-Level Gas Drainage Roadway Based on Key Strata Movement for Adjacent Seams

For the pressure-relief gas drainage of these seams adjacent to 15# coal seam, we can follow these steps:

Firstly, the heights of the “three zones” (namely “gas-way fracture zone”, “pressure-relief and
desorption zone” and “gas non-desorbed zone” [28], see Figure 9) was discriminated to determine
gassy coal seams distribution in the “gas-way fracture zone” and “pressure-relief and desorption zones”.

Secondly, according to the coal and gas occurrence characteristics of overburden, the pressure-relief
gas emission in the “gas-way fracture zone” and “pressure-relief and desorption zones” were predicted
in the mining. Finally, by comparison of the applicable conditions and drainage results of different coal
and CBM coextraction technology models, the appropriate coal and CBM coextraction technology and
its drainage roadway (drainage borehole) layout parameters were selected with the consideration of the
predicted pressure-relief gas emission and layout of the working face in the adjacent seams, as shown
in Figure 10.
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Figure 9. Schematic of “three zone” on pressure-relief gas flow and “O” ring of mining
induced crannies in the Yangquan coalfield.
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Figure 10. Procedure of gas drainage design of adjacent seams in the Yangquan coalfield.

(1) The Cross-Measure Boreholes Gas Drainage Technology Based on Key Strata Movement

During a normal stoping period, there are several problems with the process of gas drainage into the
adjacent seams. The depth of the boreholes is greater than the periodic weighting pace. As a result, the
first drainage borehole will be damaged from roof caving due to periodic weighting, while the next
borehole to be emplaced has not yet passed into the fissure zone. Moreover, the numbers of effective
drainage boreholes will be limited in the release area of overlying adjacent seams. The gas of adjacent
seams will then flood into the removed section of the coal seam and cause the frequent occurrence of
gas exceeding the limit of that in the working face. With the advance of the working face, the drainage
borehole will be gradually emplaced into the depth of the removed section, and will be gradually
compacted. Together with the influence of ground movement, the borehole itself may be cut and
blocked, causing the gas drainage to be continuously reduced. The conventional arrangement of gas
drainage boreholes for the adjacent seams can be seen in Figure 11.
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Figure 11. Conventional arrangement of gas drainage boreholes for the adjacent seams.

The practice shows that, the primary and periodic weighting of the working face into which the gas
of the adjacent seams floods and the roof of the working face are closely related. Therefore, in order to
reach a relatively efficient gas drainage in the adjacent seams, the borehole distance of gas drainage in
the adjacent seams along the direction of advance should match the periodic weighting pace of the old
roof. This ensures that the efficiency of drainage boreholes matches the weighted roof (Figure 12).

drainage borehole

tailing roadway
return airway

goaf \ | | ‘ Z/ I U | \

intake airwa
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Figure 12. Optimized arrangement of gas drainage boreholes for the adjacent seams.

The cross-measure gas drainage boreholes was creatively experimented and promoted for the
Yangquan coalfield, achieving the pressure relief gas drainage rates of 60% to 70% for the
cross-measure boreholes.

(2) The Gas Drainage Technology of High-Level Gas Drainage Roadway Based on Key Strata movement

The adjacent seam pressure-relief gas is a major source of the gas emissions from the working face
in the Yangquan coalfield, therefore, it was necessary to effectively drain this gas to ensure the safety
of the working face mining. The high-level gas strike drainage roadway was adopted for the working
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face to drain out the gas released from adjacent seams. The roadway was arranged in the
gas-way fracture zone and the “O” ring (see Figure 9) of the mining fracture above the working face,
with a big sectional area, which was helpful to collect the gas and reduce the drainage resistance. The
arrangement mode of this gas drainage technology in the Yangquan coalfield is shown in Figure 13.
The high-level gas drainage roadway was creatively experimented and promoted for the Yangquan
coalfield, achieving a maximum gas drainage amount of about 187 m?/min for the high-level gas
drainage roadway in a single fully mechanized caving face; the pressure relief gas drainage rates of the
high-level gas drainage roadway was in the ~80%—-90% range.

High-level gas drainage roadway
40-60m

Inner tailing roadway 10-12 times of the mining thickness

20m

N

Intake airway Coal face Return airway

Figure 13. The arrangement of high-level gas drainage roadway for the adjacent seams in
Yangquan coalfield.

4.1.3. Abandoned Mine Methane (AMM) Drainage Technology

After the extraction of the 3#, 8#, 12#, and 15# coal seams and closing the abandoned gob, mining
pressure-relief gas would continue to accumulate in the abandoned gob because of the continuous
ground movement, forming AMM. The AMM drainage technology is an important part of the coal and
CBM coextraction technology in the Yangquan coalfield.

For the AMM drainage in the Yangquan coalfield, first, the AMM sources were analyzed, and an
evaluation model was established for the AMM reserves [29], and then the AMM enrichment zone,
position and layout of the surface boreholes were predicted to greatly extract the AMM. Yangquan
coalfield is leading the engineering practice of using surface wells to extract AMM in China, and the
amount of the AMM drainage reached an average of 3504 m?/day, making AMM an important part of
the CBM resources in the Yangquan coalfield. The AMM drainage can promote the capture of the
AMM resources and reduce the greenhouse effect of the AMM emissions on the ecological environment.

4.2. Implementation Results

With the further applications of these gas drainage technologies in the Yangquan coalfield, a fully
mechanized caving face with a gas emission of up to 206 m*/min achieved an adjacent seam gas
drainage amount of 187 m*/min and an annual output of 4 million tons. Moreover, the gas drainage
amount showed an increasing trend in the Yangquan coalfield and reached 1.226 billion m® in 2013 [16],
as shown in Figure 14. The safe and efficient mining of the working face were effectively protected
with the effective gas drainage.
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Figure 14. The gas drainage amount, the gas drainage amount per ton coal and the coal
yield of the Yangquan coalfield in recent years: (a) CBM drainage amount and coal yield;
(b) CBM drainage amount per ton coal.

4.3. Analysis and Comparison of the Yangquan Coalfield and Other Typical Mining Areas in China

Taking the implementation effect of the coal and CBM coextraction in the Yangquan coalfield in
2007 as an example, the comparison of the Yangquan coalfield and other typical Chinese high-gas
multiseams mining areas using the gas drainage technology is shown in Figure 15. Compared to the
other mining areas, the coal and CBM coextraction technology in the Yangquan coalfield was
combined with the coal and gas occurrence characteristics of the Yangquan coalfield. Based on the law
of the mining pressure-relief and gas flow caused by the ground movement, and gradually developing
distinct coal and CBM coextraction technology with the high-level gas drainage roadway combined of
“U + I” and “U + II” ventilation styles as their main gas drainage method according to the
characteristics of 15# coal seam. The Yangquan coalfield achieved a remarkable gas drainage effect
with a methane drainage amount of ~50—187 m*/min and gas drainage of ~7-270,000 m? per day for a
single roadway. Recently, the Yangquan coalfield became one of the top mining areas in China from
the aspect of the pressure-relief gas drainage amount, gas drainage amount per ton coal, and gas

utilization amount.
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Figure 15. Contrast of the Yangquan coalfield and other Chinese typical high gas
multiseams mining areas in pressure-relief gas drainage effect in 2007.

5. Comprehensive Gas Utilization Technology in the Yangquan Coalfield

CBM is not only a high heat value pollution-free new energy source, but also is one of the main
greenhouse gases polluting the atmospheric environment. If CBM was extracted prior to and in the
process of coal mining and comprehensively utilized, it would not only reduce greenhouse gas
emissions, but also would promote the efficient and clean use of CBM. At present, the Yangquan
coalfield is the mining area with the largest amount of coal mine methane (CMM) drainage in China
and is also the mining area with the largest gas emissions to the atmosphere. Therefore, for reducing
gas emissions, several gas utilization technologies, mainly including civil gas, gas heating and cooling
application and gas power generation technologies were developed in the Yangquan mining area [16].
Among them, gas cooling and heating application technology mainly includes the gas roasting alumina,
office gas central air-conditioning, gas firing permanent magnet material, and industrial boiler gas
utilization technologies. The Yangquan coalfield has significantly utilized gases due to implementation
of several gas utilization technologies and projects since 2007, such as the gas roasting alumina project
with production of 80 million ton per year, three gas power generation stations with a total generation
amount of 27 MW. The gas utilization amount and gas utilization rate in recent years in the Yangquan
coalfield are shown in Figure 16.
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Figure 16. The gas utilization amount, the gas utilization rate and the gas utilization
distribution in the Yangquan coalfield.
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6. Conclusions

(1) On the basis of key strata theory and ground movement concepts, this research found a method
of gas release and migration in the overlying strata, analyzed the principle of coal and gas
co-extraction in the Yangquan coalfield, and established an implementation method for the
co-extraction of coal and CBM in the Yangquan coalfield.

(2) Based on the occurrence characteristics of coal and gas and the mining pressure-relief gas flow
law, a technology for the coal and CBM coextraction with the “‘U + I’ type ventilation and
high-level gas drainage roadway” as the main technology was developed for the Yangquan
coalfield and achieved safe and highly efficient coal and CBM coextraction. The Yangquan
coalfield reached a gas drainage amount in the range ~70,000-270,000 m*/day for a single
high-level gas drainage roadway, with a capacity of ~35—135 times of a medium CBM surface
well (2,000 m*/day) and achieved >90% pressure relief gas drainage rate.

(3) In the Yangquan coalfield, with the development and application of the coal and CBM
coextraction technology, the gas drainage effect improved significantly, and the amount of gas
drainage increased year after year. In 2013, the pressure-relief gas drainage amount of the
Yangquan coalfield reached 1.226 billion m®, improving 78% compared to that in 2009.

(4) A multilevel and diversified gas comprehensive utilization technology system including civil
gas, gas heating and cooling, and CMM power generation technologies were developed for the
Yangquan coalfield to achieve effective gas resources utilization, exploring new clean energy,
promoting the reduction of greenhouse gas emissions and also forming a virtuous cycle of
“gas utilization improving gas drainage, and consequently ensuring mining safety”.
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