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RESEARCH ON DEPRESSURIZATION GAS EXTRACTION TECHNIQUES
AND IDENTIFICATION OF GAS SOURCESI GOAF BASED ON CARBON
AND HYDROGEN ISOTOPE TRACING

In the mining environment of coal seams, in order to accurately quantify the gas sources in the goaf
of the protective layer working face and effectively implement gas extraction and control, this paper con-
ducts experiments on gas source identification in the goaf in the Pingdingshan mining area. By collecting
desorbed gas samples from the parent coal seam, a detailed analysis of the gas components (including
methane, ethane, carbon dioxide) as well as the values and distribution characteristics of stable carbon
and hydrogen isotopes was conducted. Based on these data, we established a calculation model for gas
source identification in the goaf based on stable carbon and hydrogen isotopes and component averages,
achieving a quantitative calculation of gas sources from various coal seams as the goaf advances, and
implementing depressurization gas extraction techniques for coal seams at a greater distance upward.
The results show significant differences in the stable carbon and hydrogen isotopes of desorbed gases
from the three coal seams, although the overall trend is relatively consistent. As the burial depth of the
coal seam increases, the carbon isotope values of methane, ethane, and carbon dioxide, as well as the
hydrogen isotope values of methane, all show a trend of becoming heavier. In addition, the main source of
gas in the goaf of the protective layer comes from the downward adjacent coal seam, accounting for 81%
of the total source, while the average contribution from the same coal seam is 12%, and the contribution
from distant upward coal seams is 7%. By implementing depressurization gas extraction techniques for
distant upward coal seams, we also identified the optimal window period for depressurization extraction
in the C; coal seam to be between 85 and 100 days.
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1. Introduction

Deep mining of coal resources has become a trend, but deep mining is facing serious threats
such as gas disasters, rockburst disasters, and mine floods [1-4]. Moreover, there are many high
gas mines in deep China, and the complexity of the deep environment further increases the
difficulty of preventing and controlling gas disasters, posing a threat to the safety production
of coal mines. Meanwhile, the occurrence forms of deep coal seam clusters are quite common.
Therefore, conducting precise identification and proportion determination of gas sources in the
goaf of protective layer mines has important technical and theoretical significance for improv-
ing the efficiency of mine depressurization gas extraction, and optimizing process design and
parameter settings.

Gas prevention and control in the goaf is a key measure to control the gas concentration
exceeding limits at the working face [5]. Domestic and international studies show that the main
sources of gas include coal walls, fallen coal, residual gas in the goaf, and gas from adjacent
layers [6-9]. In the research on the analysis of gas sources in the goaf, scholars often use meth-
ods such as theoretical analysis [10], physical simulation [11], and numerical simulation [12] to
study the flow rules and concentration distribution of gas, further determining the sources of gas.
In particular, using CFD software to establish a gas permeation model and conducting numerical
analysis through software such as Fluent to simulate and study the movement of gas in the mining
area [13-18], thereby grasping the changing rules of gas concentration.

Traditional methods for identifying gas sources in the goaf, such as statistical analysis [19],
neural networks [20], and grey systems [21], although showing advantages in applicability, ac-
curacy, and system integrity, still have room for improvement in enhancing accuracy and con-
ducting multilayer joint analysis. Stable carbon isotope technology shows unique advantages in
studying the carbon cycle, source tracing, and migration trajectory monitoring in nature [22].
By analyzing the gas composition and carbon isotope values in gas samples from the goaf, the
components and sources of gas can be effectively determined, becoming an important means for
quantitative analysis of gas sources in the goaf [23-25].

This study selects a mine in Pingdingshan City, Henan Province, as the research object.
During the mining period of the C, protective layer, carbon and hydrogen isotope tracing
technology is used to study the gas sources and their proportions in the C, goaf. Based on this,
precise gas extraction is carried out for the distant upward C; coal seam, and the optimal time
window period for gas extraction in the C; coal seam during the mining period of the C, coal
seam is studied. This research provides valuable references for gas control work in Pingdingshan
and other similar mining areas.

2. Project overview and sampling test

2.1. Project background introduction

The coal mine targeted in this study is located in Pingdingshan City, Henan Province, and
is a mine prone to outbursts. The main coal seams include C;, C,, and C;. The positional rela-
tionship of these three coal seams is shown in Fig. 1. The average thickness of the C; coal seam
is 2.2 meters, with its pseudo-roof consisting of mudstone or carbonaceous mudstone, its direct
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roof composed of mudstone, sandy mudstone, or sandstone, and its old roof being medium-coarse
sandstone. The floor is made up of mudstone or sandy mudstone. In areas close to geological
structures, joints and fractures are relatively developed, usually aligned with the direction of
geological structures.

The C, coal seam, being the protective layer mined in this study, has an average thickness
of 2 meters. Its direct roof is blocky gray and dark gray mudstone, with the old roof being gray-
white or light gray fine to medium quartz sandstone; its direct floor is also gray and dark gray
mudstone, with the bottom being sandy mudstone, and the old floor being gray and dark gray
medium sandstone.

The average thickness of the C; coal seam is 1.6 meters, with its direct roof made of medium
sandstone or sandy mudstone, both the upper roof and pseudo-roof being sandy mudstone, and
the floor also consisting of sandy mudstone. The average interlayer distance between the C, coal
seam and the C; coal seam is 75 meters, while the distance between the C, and C; coal seams
is 10 meters, the average burial depth of C, coal seam is 940 m.

2.0m
3 - LA S &
pacing lom |~

C; coal seam 1.6m

Distance from the ground 952m
Distance from the ground 940m
Distance from the ground 863m

T e R T B

Fig. 1. Schematic diagram of the main mining coal seams

2.2. Sampling and testing

Coal samples from the main mining coal seams C;, C,, and C; were collected as parent
samples, with three coal samples collected from each layer. According to the testing require-
ments, the collection area must be within the range of the C, working face. After sampling, the
coal samples should be immediately placed into sampling cans, completely filled into the cans
and compacted, and quickly sealed, then sent to the surface laboratory. To ensure the uniformity
and representativeness of the data, five sets of desorbed gas samples were extracted from the
coal samples taken for analysis of gas components and stable carbon and hydrogen isotopes. The
testing work mainly includes two parts: gas component testing and stable carbon and hydrogen
isotope testing. The analytical gas sample component testing instrument is the GC-7800 gas chro-
matograph, the stable carbon and hydrogen isotope testing instrument for methane, ethane, and
carbon dioxide in the analytical gas samples is the DELTA plus stable isotope mass spectrometer,
and the stable hydrogen isotope testing instrument for methane is the gas chromatography-isotope
ratio mass spectrometer (GC/TC/Delta Plus XL).
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3. Analysis of stable hydrocarbon isotope gas test results

3.1. Principle of stable carbon and hydrogen isotope tracing technology

13C and '*C are two stable carbon isotopes with significant tracing implications. However,
the natural abundance of '2C is much greater than that of '*C, making it difficult to represent its
isotopic composition by absolute abundance [26]. Therefore, its isotopic composition is usually
represented by a relative quantity, also known as the isotopic ratio d (abundance ratio of '*C/'2C),
which is defined as:

13 12
5130(%0)=[(( LA 11%1000 (1)

Bc/2C)pos

In the formula, ('3*C/'?C) s is the abundance ratio of '*C and '*C in the actual measured sam-
ple; (**C/'2C) PDB is the internationally recognized abundance ratio of '*C and '*C in the PDB
standard sample. Since '*C is very small, carbon isotope values are usually expressed in permille.

Due to the age and formation environment of the strata being different (dynamic fractionation
and equilibrium fractionation), fractionation effects of carbon and hydrogen isotopes occur, lead-
ing to significant differences in carbon and hydrogen isotopes between different strata. Therefore,
by analyzing the carbon and hydrogen isotope values in the actual samples and combining them
with isotope distribution maps, one can infer the source layer [27-28].

3.2. Stable carbon and hydrogen isotope distribution characteristics
in coal seam desorbed gas

3.2.1. Desorption gas composition and stable hydrocarbon isotope
master test

During the experimental phase, 15 sets of desorbed gas were extracted from the 9 coal
samples collected from the 3 coal seams, and analyses of gas components and stable carbon and
hydrogen isotopes were conducted. The main testing indicators for the gas components are N,,
CO,, CHy4, and C,Hg. The average values of the gas component and related isotope test results
are shown in the following table.

TABLE 1
Statistical table of parent component and isotope characteristics
Gas composition Carbon isotope value . Hydrogen
isotope value

SCeZ: CH, C,Hg N, CO, |6BCCH,|oBCCH |6 3CCO, 0 HCH,

Average | Average | Average | Average | Average | Average | Average Average
% % % % %0 %0 %0 %0

C, 79.98 0.0028 10.12 9.902 —40.32 —-19.05 —22.89 —182.448
C, 80.16 0.0031 9.56 10.278 —38.46 —-18.12 —20.53 —178.125
Cs 80.56 0.0035 8.92 10.517 -37.22 -16.82 -17.99 -172.61
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3.2.2. Analysis of desorption gas composition and stable hydrocarbon
lisotope results

Five sets of desorbed gas samples from each main mining coal seam were tested for gas
components and their related isotope values. The results of the gas component tests for each coal
seam are shown in Fig. 2.
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Fig. 2. Distribution characteristics of desorbed gas components in each coal seam

From Fig. 2, it can be seen that there are some differences in the composition of desorbed
gas among the three coal seams. The measured proportion of methane (CH,) ranges from 76.08%
to 84.68%. Specifically, the methane content in the C; coal seam ranges from 78.12% to 82.35%,
in the C, coal seam from 76.08% to 84.68%, and in the C; coal seam from 77.57% to 83.39%.
The maximum and minimum average differences in methane content across the three seams are
0.58%, indicating small variations.
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The measured proportion of ethane (C,Hyg) is between 0.002% and 0.004%, showing that
the variation in this gas is relatively small across the three coal seams and the proportion is very
low. The measured proportion of nitrogen (N,) ranges from 7.49% to 11%, with the N, content
in the C, coal seam ranging from 9.17% to 11%, in the C, coal seam from 8.8% to 10.06%, and
in the C; coal seam from 7.49% to 9.86%. The maximum and minimum average differences in
nitrogen content across the seams are 1.2%, showing small variations.

The measured proportion of carbon dioxide (CO,) ranges from 9.695% to 10.917%, with
the CO, content in the C; coal seam ranging from 9.695% to 10.113%, in the C, coal seam from
9.878% to 10.582%, and in the C; coal seam from 10.217% to 10.935%. The maximum and mini-
mum average differences in CO, content across the seams are 0.615%, indicating small variations.

Overall, the analysis shows that the proportions of methane, ethane, and carbon dioxide in
the desorbed gas from the three coal seams show a slight increasing trend with increasing burial
depth of the coal seam, while the proportion of nitrogen shows a slight decreasing trend. The
overall distribution characteristics of the four gas components are methane > carbon dioxide >
nitrogen > ethane.

During the experimental process, stability tests were conducted on methane carbon isotopes,
ethane carbon isotopes, carbon dioxide carbon isotopes, and methane hydrogen isotopes. To gain
a detailed understanding of the distribution patterns and characteristics of stable carbon and
hydrogen isotopes in the desorbed gas from the three coal seams, distribution maps of carbon
isotope values and hydrogen isotope values for desorbed gas from different coal seams were
drawn, as shown in Figs. 3 to 6.
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Fig. 3. Methane carbon isotope distribution characteristics

According to the data in Fig. 3, it can be observed that as the depth of the strata increases,
the methane carbon isotope values in the desorbed gas from each coal seam gradually become
heavier (the absolute values decrease), with the average values fluctuating slightly, mainly con-
centrated between —40.81 to —36.73%o. This change is mainly due to the increase in burial depth
of the coal seams, which corresponds to an increase in the methane content in the desorbed gas.
Although the methane carbon isotope values between different coal seams show some differences,
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the distribution of their average values does not show significant fluctuations, indicating that the
variation trend of methane carbon isotopes in each coal seam is relatively stable. This reflects
the consistency of the coal-forming environment and the stability of the fractionation effect.
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Fig. 4. Ethane Carbon Isotope Distribution Characteristics

From Fig. 4, it is evident that the overall trend in the distribution of ethane carbon isotopes
across the coal seams is consistent with that of methane carbon isotopes; that is, they become
heavier (the absolute values decrease) with increasing mining depth of the coal seams. The content
of ethane gas components in the desorbed gas from each coal seam is extremely low, and the
fluctuations in the distribution of ethane carbon isotopes in the desorbed gas from the coal seams
are not significant. The average values are generally maintained between —19.05 to —16.82%o.
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Fig. 5. Carbon dioxide carbon isotope distribution characteristics
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From the distribution characteristics of carbon dioxide carbon isotope values in the three coal
seams shown in Fig. 5, it can be seen that the variation trend of carbon dioxide carbon isotopes in
the desorbed gas from each coal seam is similar to that of methane and ethane carbon isotopes.
They also maintain a trend of becoming heavier (the absolute values decrease) with increasing
burial depth of the coal seams. The fluctuation range of the average carbon dioxide carbon isotope
values across the three coal seams is between —22.89 to —17.99%., indicating that the differences
in carbon dioxide carbon isotopes among the coal seams are relatively small.
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Fig. 6. Methane hydrogen isotope distribution characteristics

According to the data presented in Fig. 6, as the depth of the coal seams increases, the
measured values of methane hydrogen isotopes in each coal seam generally show a trend of be-
coming heavier, and this trend is more significant compared to the other three types of isotopic
indicators, with a larger fluctuation range, mainly concentrated between —187.36 to —169.05%..
This phenomenon is mainly due to the significant increase in hydrogen content with the in-
creasing burial depth of the coal seams, accompanied by an acceleration of the fractionation
effect.

A comprehensive analysis indicates that the stable carbon and hydrogen isotopes in the
desorbed gas from the three coal seams in this mining area exhibit certain differences, but the
overall change trend is relatively consistent. As the burial depth of the coal seams increases, the
values of methane carbon isotopes, ethane carbon isotopes, carbon dioxide carbon isotopes, and
methane hydrogen isotopes all show a trend of becoming heavier. This reflects that the content
of methane, ethane, and carbon dioxide in the coal seams increases with the increase in burial
depth. The measured isotope values of each coal seam are not affected by hydrodynamic activities
or tectonic cutting phenomena, and they accurately reflect the relationship between the changes
in burial depth of coal-bearing strata, gas content, and measured isotope values, revealing the
distribution characteristics of stable carbon and hydrogen isotopes. This provides an important
foundation for subsequent quantitative analysis and identification of the proportion of mixed gas
emissions in the goaf of the C, protective layer.
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3.2.3. Based on the source calculation model for stable carbon
and hydrogen isotope tracing analysis

When the source of mixed gas in the goaf of the protective layer comes from multiple coal
layers, the calculation formula for stable isotopes in one component of the mixed gas [29,30]
is as follows:

. V4-64+VB-6B+VC-6C+--VN-ON
omix = (1)
Va+VB+Vc+...+ VN

The gas mixture per unit volume has the following relationship:
Vy=n"-X, (2)
Substituting formula (2) into formula (1) yields:

. a-X4-04+b-Xp-0B+c-Xc-6c+---n-XN-ON
omix = 3)
a-Xa+b-Xp+c-Xc+...+n- XN

Amonga+b+c+..+tn=1 4)

In the formula, dmix represents the isotopic value of a single component gas measured in the
mixed gas; X represents the content of a component gas in the desorbed gas from each coal seam;
0, represents the isotopic value of a component gas in the desorbed gas from each coal seam.

Since the number of main coal seams measured is three, the resulting source apportionment
calculation model is as follows:

_a-Xca-oci+b-Xc2-5c2+c- Xc3-0¢3
a-Xci+b-Xc2+c- Xc3 5)

omix

a+b+c=1

In the formula, a, b, ¢ represent the proportions of gas from each coal seam in the mixed
gas; X, represents the content of one component gas in the desorbed gas from one of the three
measured coal seams; d; is the isotopic value of that component gas. According to Fig. 2(b), the
proportion of ethane in the three coal seams is extremely small, ranging between 0.002% and
0.004%, hence this component index is discarded, along with the ethane carbon isotope index.
Ultimately, methane carbon isotopes, carbon dioxide carbon isotopes, methane hydrogen isotopes,
and related gas components are used as calculation indices, and are combined with the equation
to solve for the proportion of gas sources from each coal seam in the mixed gas.

3.3. Identification of gas sources in the goaf

The sampling locations for mixed gas from the C, coal seam are located in the goaf 200 me-
ters, 240 meters, and 300 meters behind the working face, with 5 sets of mixed gas samples taken
at each sampling location. Experimental tests are conducted on the collected mixed gas samples
from the goaf, resulting in 15 sets of mixed gas samples with gas composition and carbon-hydrogen
isotope values. The test results are shown in TABLE 2.
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TABLE 2
Test Values of mixed gas sample components from the goaf of the ¢, working face
. Hydrogen isotope
Sampling Gas component (%) Carbon isotope value (%o) value (%o)
spot CH, | G,Hy | CO, | N, | 6"ccH, | 6 Bcc,H, | ¢ CCO, 5 HCH,
The goaf | 73-58 | 0.003 | 16.58 | 9.837 | —41.49 -20.05 —11.29 -192.37
is200m | 74.63|0.002 | 17.38 | 7.988 | —40.91 -30.07 -10.77 —189.67
away from | 73.65 | 0.002 | 16.59 | 9.758 | —41.45 -30.07 -11.28 -192.19
the working | 74.36 | 0.001 | 17.31 | 8.329 | —41.08 —-60.04 -10.86 —-190.44
face 74.64 | 0.002 | 17.28 | 8.078 | —40.89 -30.23 -10.82 —189.58
The goaf | 76-57 | 0.003 | 16.54 | 6.887 | -39.83 —20.36 -11.28 —184.67
is240m | 76.37 | 0.003 | 17.82 | 5.807 | —39.99 -20.29 -10.56 -185.32
away from | 75.46 | 0.002 | 18.54 | 5.998 | —40.41 -30.54 ~10.06 ~187.39
the working | 76.38 | 0.003 | 17.36 | 6.257 | —39.95 -20.33 -10.79 ~185.21
face 76.68 | 0.002 | 19.27 | 4.048 | —39.78 -30.65 -9.71 —184.43
The goaf | 78.35 | 0.003 | 18.46 | 3.187 | -38.96 —20.40 -10.18 ~180.58
is300m | 77.87 | 0.004 | 18.26 | 3.866 | —39.15 -15.35 -10.21 -181.53
away from | 78.12 | 0.003 | 17.16 | 4717 | —39.04 -20.53 -10.90 —180.97
the working | 77.94 | 0.004 | 17.89 | 4.166 | —39.14 ~15.32 —10.46 ~181.45
face 78.22 1 0.003 | 17.30 | 4.477 | —39.00 —20.43 -10.82 —180.80

By analyzing the test results of the mixed gas from the goaf in conjunction with the test
values of the parent coal seam from TABLE 1, and using Equation (5) for calculation, we can
determine the source composition of the mixed gas samples in the C, goaf and the proportions
of each component gas. This is shown in TABLE 3 below.

TABLE 3
Proportions of mixed gas sources in the goaf
Sampling spot C, coal seam C, coal seam C; coal seam

0.06 0.12 0.82

Th fis 200 § 0.05 0.12 0.83

¢ goaf is 200m away from 0.06 0.13 081
the working face

0.05 0.11 0.84

0.06 0.13 0.81

0.06 0.10 0.89

Th fis 240 f 0.07 0.11 0.82

e goaf is 240m away from 0.06 0.13 0.81
the working face

0.08 0.13 0.79

0.07 0.12 0.81

0.10 0.12 0.78

Th fis 300 6 0.08 0.14 0.78

¢ goaf is 300m away from 0.09 011 0.80
the working face

0.07 0.12 0.81

0.11 0.12 0.77
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TABLE 3 shows the proportion of mixed gas sources at different mining distances in the
goaf. It can be seen from the table that the average source of mixed gas at different distances in
the goaf of C, coal seam is 0.82, 0.81 and 0.79, respectively. The average value of C, coal seam
is 0.12, while the average value of C; coal seam is 0.06, 0.07 and 0.09, respectively. Among
them, C; coal seam has a slightly decreasing trend with the mining distance, while C; coal seam
has a slightly increasing trend on the contrary. This also shows that the gas source of the influx
into the C, coal seam is mainly the lower adjacent C; coal seam, which is the lowest in this coal
layer, and the contribution proportion of the C; coal seam is the least. This is because the C, coal
seam has a pressure relief effect on the upper and lower protected layers after mining, while
the C; coal seam has a large amount of fissure gas flowing into the C, coal seam, the C; coal
seam fissure is not fully developed, and a small amount of gas is sucked into the C, coal seam.
To avoid the impact of sampling locations on the test results, we conducted further analysis on
the gas proportions from different sources at three sampling points within the coal seam. The
distribution of gas sources at these three sampling points is shown in Fig. 7.

I C, coal seam
I C; coal seam
B C; coal seam

Fig. 7. Gas source proportions at different sampling locations in the goaf
(a) The goafis 200 m away from the working face, (b) The goaf is 240 m away from the working fac,
(c) The goaf'is 300 m away from the working face

As shown in Fig. 7, the gas primarily originates from the C; coal seam at different sampling
locations. In the mixed gas samples collected 200 meters, 240 meters, and 300 meters behind the
working face, the proportion of gas from the C; coal seam is 82%, 81%, and 79% respectively;
while the proportion from the C, coal seam is stable at 12%; Finally, the average proportion
of C, coal seam is 6%, 7% and 9% respectively. This indicates that during the mining of the
protective layer C, coal seam, due to the close proximity of the C; coal seam to the C, coal seam,
a near-distance protective layer mining relationship is formed, with the C; coal seam located in
the floor fracture zone, where a large amount of depressurized gas is introduced into the protec-
tive layer above. Meanwhile, the C; coal seam, located in the bending subsidence zone of the
overlying rock in the goaf, lacks sufficient vertical fractures, hence the gas hazard from the C, coal
seam still exists. Therefore, when mining the C, coal seam (protective layer), targeted measures
should be taken to handle the gas from the distant C; coal seam above, to eliminate gas hazards
and ensure the safe recovery of the protective layer working face.
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4. Engineering practice of pressure relief gas drainage
in long distance protected coal seam (C; Coal Seam)

4.1. Introduction to engineering practice

In the outer misaligned machine roadway high-extraction roadway and the inner misaligned
airway high-extraction roadway of the C, coal seam working face, cross-layer depressurization
gas extraction boreholes aimed at the C; coal seam were implemented. These boreholes are ar-
ranged in groups every 20 meters, with each group consisting of 3 boreholes, laid out along the
inclination direction of the working face. Specifically, the final hole position of the 1# cross-layer
borehole is located 15 meters outside the boundary line of the protected range of the C; protected
layer working face; the final hole position of the 2# cross-layer borehole is located 30 meters
inside the boundary line of the protected range of the C, protected layer working face; the final
hole position of the 3# cross-layer borehole is located 50 meters outside the boundary line of
the protected range of the C; protected layer working face. The plan and sectional views are
respectively shown in Figs. 8 and 9.

In the outer misaligned machine roadway high-extraction roadway, a total of 68 groups of
cross-layer boreholes are arranged along the direction of the working face, using a full negative
pressure networked extraction method. In the inner misaligned airway high-extraction roadway,
due to the proximity of the roadway to the working face and the greater impact of mining, result-
ing in poorer roadway stability, a total of 30 groups of cross-layer boreholes are arranged here,
using a closed naked extraction method.

Through the cross-layer boreholes constructed in the airways and machine roadways high-
extraction roadways, along with the mining depressurization impact of the lower protective layer
C, coal seam on the upward distant protected layer C; coal seam, the gas from the protected
layer C, coal seam is safely and efficiently depressurized and extracted during the mining process
of the lower protective layer.

Machine Lane High Level Lane ._ZDII]_I
|
Machine Lane alis | 1-1%
1-2#
I P
2-38
Goaf
2-3%#  1-3%
224 1-2#
291% | |1-1%
Wing Lane High level Lane
Wind Lane

Fig. 8. Layout plan of cross layer pressure relief pumping boreholes
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Fig. 9. Cross layer pressure relief drainage borehole layout section diagram

4.2. Analysis of pressure relief gas drainage effect and identification
of pressure relief gas window period in C; coal seam

Under the mining influence of the C, coal seam, the distant protected C; coal seam underwent
extensive depressurization and expansion deformation, leading to the formation of tensile-type
horizontal fractures and their expansion and extension in the horizontal direction, thus forming
lateral diffusion channels for gas permeation. This process significantly increased permeability,
creating a time-space window that increased by several thousand times, which is the optimal
“window period” for gas extraction. As mining progresses further, the protected layer enters the
stress recovery zone, and the horizontal fractures in the coal seam gradually tend to close, with
the fracture window also closing and disappearing. Therefore, the time-space stage where gas
migration is active and horizontal fractures are developed constitutes the optimal “time window”
for depressurization gas extraction.

During the field inspection of the depressurization borehole extraction window for the C; coal
seam, it was observed that when the mining face advanced past the corresponding position in the
C, coal seam by 50 meters, the depressurization area of the C; coal seam began to extract high
concentrations of gas. The extraction concentration in most boreholes stabilized between 60%
to 90% over a certain period. Random selections of the extraction holes 1-1#, 2-3#, 10-2#, and
15-1# were monitored for changes in extraction concentration, with detailed results presented
in the following Fig. 10 and TABLE 4, used to determine the depressurization window period.

According to Fig. 10, the high concentration gas in the drainage hole of C1 coal seam con-
tinues to advance between 350 m and 375 m of the working face, and the time period from the
working face advancing 50 m to 375 m is the effective window for depressurization gas extrac-
tion. The duration of the time window is inversely proportional to the advancement speed of the
working face, identified as 85 to 100 days for the C, coal seam working face. Precisely capturing
the gas extraction window for the C; coal seam plays a positive role in enhancing the efficiency
of gas extraction from the C, coal seam, eliminating the risk of gas outbursts, and ensuring the
safe and efficient retreat mining of the working face.
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Fig. 10. Variation of gas extraction concentration in different boreholes
(a) Change in gas extraction concentration in hole 1-1#, (b)Changes in gas extraction concentrations
in hole 2-3#, (¢) Change in gas extraction concentration in hole 10-2#, (d) Change in gas extraction
concentration in hole 15-1#

5. Conclusion

This study, conducted during the mining period of a protective layer working face in a mine
in Pingdingshan, involved experimental testing of the composition ratios of gas sources within
the goaf to clarify the key tasks of gas control during the mining period of the protective layer.
It also optimized the design of the depressurization gas extraction boreholes for the C; coal seam
protected by the C, coal seam during the retreat mining period of the protective layer. The main
conclusions of the study are as follows:

(1) There are significant differences in the stable carbon and hydrogen isotope values of

desorbed gases from the main coal seams, mainly caused by differences in gas content
and coal-forming environments. Additionally, as the burial depth increases, the carbon
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isotope values of methane, ethane, hydrogen, and carbon dioxide gradually become
heavier, indicating that the content of these gases increases with increasing depth.

(2) This study established a quantitative identification model for the volumetric ratio of
mixed gases based on mass conservation, providing a solid theoretical basis for analyz-
ing the proportions of gas sources in the goaf.

(3) The study found that the main source of gas in the goaf of the protective layer comes
from the C; coal seam, accounting for 81%, while the C, coal seam accounts for only
an average of 12%, and the C, coal seam for merely 7%. This indicates that vertical
fractures did not develop effectively to the C; coal seam during the mining of the C,
coal seam, preventing or minimally allowing depressurization gas to enter the goaf. This
phenomenon causes the gas content in the C; coal seam to remain unchanged, posing
a safety hazard for gas discharge from the C; coal seam.

(4) The study determined the optimal window period for gas extraction from the C; coal
seam, which is when the C, coal seam working face advances from 50m to 375m, cor-
responding to 85 to 100 days. Gas extraction should be carried out during this optimal
period when the gas seepage channels are forming, to eliminate the gas hazards in the
C, coal seam.
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