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The implementation of the Gob-Side Entry Retaining Mining Mode with Roof Cutting and Pressure
Relief (GERRCPR) results in the gob connecting to the retaining roadway, creating an open space

that causes significant air leakage and increases the risk of spontaneous combustion. A study

was conducted during the implementation of the GERRCPR in the Xiaonan Coal Mine N1-1502
working face to investigate spontaneous combustion characteristics, along with fire prevention and
extinguishing measures. To analyze gob airflow, Computational Fluid Dynamics (CFD) was employed
to collect data on airflow conditions, O, concentration, and temperature. Based on this, this study
focuses on exploring the effects of nitrogen injection treatment under various rates and positions to
optimize parameters for buried pipe nitrogen injection. Results indicated that within the GERRCPR,
air leakage in the gob increased, leading to an increase in O, concentration, expansion of the oxidation
zone, and an elevated risk of spontaneous combustion. Air leakage primarily occurred from the
retaining roadway and the working face near the intake-air roadway, peaking at a retaining roadway
length of 500 m, with a flow rate of 226 m3/min. Following nitrogen injection treatment, the oxidation
zone was significantly reduced, with optimal treatment achieved at a nitrogen injection depth of 70 m
and a rate of 600 m3/h. Field monitoring data showed that the inertization measure of using porous
long pipes, a nitrogen injection spacing of 30 m, and a nitrogen injection rate of 600 m3/h significantly
decreased the O, concentration within the gob. This reduction meets safety production requirements
and outperforms the effectiveness of traditional buried-pipe nitrogen injection methods, thereby
validating the simulation accuracy. Understanding the laws governing spontaneous coal combustion
in the GERRCPR and enacting preventive measures for nitrogen injection can improve safety standards
in mining operations. This proactive approach can effectively prevent spontaneous coal combustion
accidents, resulting in substantial social benefits.

Keywords Gob-side entry retaining, One intake and two returns ventilation, CFD simulation, Porous long
pipes, Spontaneous coal combustion

China’s energy demand is rising with the country’s increasing rate of industrialization'~*. Coal is a primary energy
source and a crucial component of China’s energy structure. However, conventional coal mining practices, specifi-
cally the retention of coal pillars, result in a significant loss of coal resources and complicate mining operations®”.
In a bid to improve the resource recovery rates, the breakthrough technology known as GERRCPR has become
vital, yielding substantial economic and social benefits. This technology not only enhances coal resource recov-
ery but also effectively addresses the challenge posed by traditional mining methods by eliminating the need to
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segment coal pillars®~'. GERRCPR eliminates the risk of gas accumulation on roadway corners and achieves
Y-type ventilation'!"'?, providing a technical solution to enhance safety in coal mining operations. However,
compared to traditional recovery roadways, GERRCPR, influenced by excavation and mining processes, leads
to easily fractured surrounding rocks, substantial roadway deformations'*'®, changes in the surrounding rock
structure after roof cutting that prevent timely support of the main roof, and enhanced communication between
the retaining roadway and the gob, creating an open gob!®°. This situation results in increased air leakage and a
heightened risk of spontaneous combustion within the gob?*-?2. This problem has been extensively investigated
by local and international scholars. Zhang et al.”® established a mathematical model for spontaneous combustion
and conducted numerical simulations under various conditions: without a retaining roadway, with a retaining
roadway lacking anti-air leakage measures, and with a retaining roadway incorporating anti-air leakage measures.
The findings inspired a hierarchical control and fire-prevention technology system for retaining roadways, and
they showed that Y-type ventilation increases air leakage and temperature. Xu et al.?* used theoretical analysis
and numerical simulation to study the uneven deformation and destruction mechanisms of retaining roadways
in the gob of inclined coal seams. A collaborative support method was proposed, and field test were conducted.
Bian et al.? investigated roadway deformation issues in the 110 mining method, establishing a mechanical model
for support resistance. Through numerical simulation and on-site measurements, they verified the feasibility
of different support schemes. Si et al.* used simulation to analyze the ventilation control mechanism in GER-
RCPR, investigating the impact of air-blocking ventilation control on the oxidation zone. The study revealed
that air-blocking ventilation control significantly reduces the oxidation zone area within the gob. Zhao et al.®
utilized PFC2D and Fluent software to simulate initial crack formation between closely spaced coal seams. The
analysis covered the spontaneous combustion zone distribution, unveiling a notable expansion in the area of two
coexisting danger zones during upward mining compared to single-seam mining. Jia et al.?®, focusing on GER-
RCPR with weakly bonded composite roofs, conducted numerical simulations to reveal the dynamic response of
roof drilling and fracture patterns in hard rock layers. A method for roof fracturing and unloading adaptable to
different states of hard rock layers was proposed. Guo et al.”’ conducted experiments and concluded GERRCPR
results in different gas distributions in the gob, compared to traditional methods, with an expanded spontane-
ous combustion zone but improved gas control. Lin et al.?® used a similar experimental platform, a multi-field
coupling mathematical model, and information detection technology. They revealed the key factors influencing
multi-field coupling evolution in the gob and compound thermodynamic disasters. The study further identi-
fied the causation mechanism of and identification method for compound thermodynamic disasters in the gob,
highlighting current research deficiencies and challenges while proposing future research directions and goals.

In the governance of inertization for fire prevention in the gob, effectively suppressing the spontaneous
combustion of residual coal requires the inert gas injection pipeline to be designed in such a way as to ensure
that the oxidation zone is always occupied by an inert gas**-**. Currently, nitrogen injection methods primar-
ily include pre-buried pipes, trailing pipes, drilling, and inserting pipes**~%. The selection and design of these
nitrogen injection methods need to consider specific gob conditions, including shape, size, depth, and residual
coal distribution. Properly configuring nitrogen injection pipelines efficiently lowers O, concentration, averting
the spontaneous combustion of residual coal and ensuring safe mine production®-*2. Previous studies primarily
concentrated on point source leakage issues. Nevertheless, in the GERRCPR mode, the substantial connection
between the retaining roadway segment and the gob creates a line source leakage area. Owing to changes in the
gob’s flow field, prevention measures for natural combustion in the gob have not been investigated in-depth.
Therefore, in this study, we investigated the 1502 working face in the Xiaonan mining area. The GERRCPR was
implemented, shifting the ventilation mode of the working face from the traditional “U” shape to a pattern with
“one intake and two returns”” This alteration changed the gob’s leakage pattern, prompting a detailed analysis to
understand the impact of the gob’s flow field changes on the overall coal mining process. CFD was employed for
numerical simulation studies, analyzing governance effects under different nitrogen injection parameters. The
optimization of traditional buried pipe nitrogen injection parameters was carried out, implementing uniform
nitrogen injection through porous long pipes and replacing a single horizontal nitrogen injection port with
multiple rows of nitrogen injection ports. This approach achieved comprehensive coverage in the gob, addressing
the drawbacks of traditional nitrogen injection methods, such as discontinuous nitrogen injection locations and
low utilization rates due to susceptibility to leakage. Overall, this study aimed to achieve targeted improvements
to further reduce the risk of spontaneous combustion and ensure efficient resource mining and utilization.
Thus, our findings provide support and guidance for technological innovation and sustainable development in
the field of GERRCPR.

Engineering scenarios

Xiaonan Coal Mine is located in the southeastern parts of Diaobingshan City, covering a mine area of 23 km?
and with a production capacity of 2.1 million t/a. The main coal seams within the mine comprise 4-2, 7-2, 14,
and 15-1, and the designated test site for the 110 mining method is the N1-1502 working face. The coal seam at
this working face ranges from a burial depth of 569-612 m, maintaining a consistent thickness of 1.46 m and
an inclination angle ranging from 3° to 7°, averaging approximately 5°. The working face extends 210 m in the
inclination direction and 1185 m in the strike direction. The retaining roadway spans a length of 760 m. It adjoins
the south-wing mining area, separated by the protection coal pillar of the 15th middle roadway of North One
while being adjacent to the north-wing mining area to the north. The N1-1503 working face lies to the east (not
yet developed), and to the west, it is adjacent to the Daxing field. The coal in this area is gas coal, having a bright
appearance, banded structure, and shell-like fracture, all indicative of good coal quality. Observations from the
working face indicate no intrusions of igneous rocks, and its roof exhibits local signs of ancient river erosion.
Moreover, there are no risks associated with geothermal activity or dynamic ground pressure. The spontaneous
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combustion tendency of the coal seam is of Type I, indicating a high susceptibility to spontaneous combustion
with a natural combustion period estimated to be between 1 to 3 months. Figure 1 illustrates the layout of the
working face.

Cause analysis of spontaneous combustion

During the initial production phase, the N1-1502 working face adopted the traditional “U” type ventilation
method, supplying air at a rate of 1200 m*/min. At this point, there was a pressure difference of 120 Pa in the
1502 working face, resulting in a significant air leakage within the gob. As the working face progressed to the
cutting eye of the 1506 section, to increase economic efficiency, short-arm beam roofs were created through
directional blasting. As the working face advanced further, the fragmented gangue was compacted, ultimately
achieving a pillar-free self-forming roadway. The transportation roadway was converted to a retaining roadway,
serving as the production roadway for the 1506 working face. Considering the actual gob conditions, the ventila-
tion pattern was ultimately adjusted to the “one intake and two returns” type. Under this configuration, air was
supplied through the 1502 transportation roadway at a rate of 800 m*/min. The airflow returned partly through
the 1502 return-air roadway and partly through the retaining roadway via the cutting eye of the 1506 section.
These adjustments resulted in changes to ventilation pathways and airflow migration patterns within the gob.
As the retaining roadway length gradually increased, extending to 80 m, the gob air leakage transitioned from a
point source to a line source, establishing a connection between the retaining roadway and the gob, thus creat-
ing an open space. The substantial pressure on the retaining roadway walls due to these changes in ventilation
pattern in the “one intake and two returns” setup may result in air escape from the retaining roadway, thereby
increasing the risk of spontaneous combustion. Therefore, to address these concerns, relying on the practical
application of GERRCPR at Xiaonan Coal Mine, data were gathered from the working face, and on-site meas-
urements of O, concentration and the gob temperature were performed. These efforts are the foundation for
effectively monitoring and predicting fire risks within the gob, aiming to mitigate potential dangers associated
with spontaneous combustion.
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Figure 1. Layout of N1-1502 working face.
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Layout of monitoring points

To monitor the changes in gas concentrations within the gob, the “three zones” of spontaneous combustion in
the gob primarily track O, and temperature data. By setting the O, concentration thresholds at 8% and 18%, the
gob was categorized into zones related to heat dissipation, oxidation, and suffocation. The observation equip-
ment included a rotary vane vacuum pump, a CHZ-22 gas pump with coal safety markings as auxiliary gas col-
lection devices, chromatographic gas analysis, and thermocouple-based temperature observation. By analyzing
monitoring data from the gob pipelines, the distribution of O, concentration and temperature changes were
determined, and measures were implemented to address concerns related to spontaneous combustion associ-
ated with residual coal.

Regarding the observation pipeline layout, embedded pipelines were arranged in both the intake- and return-
air roadways, as illustrated in Fig. 2. Four measurement points were positioned behind the working face at
distances of 50 m and 80 m deep into the gob, each with two thermocouples. The observation pipelines started
30 m behind the transportation roadway and were connected back to the air roadway, with a 30 m spacing
between each measurement point on the return-air roadway. In the retaining roadway, the measurement points
were spaced 20 m apart to sample and observe the spontaneous combustion situation in the gob. Each measure-
ment point contained a pipeline gas monitoring point and a temperature monitoring point, both protected by
DN40 steel pipes. The measurement points were elevated, and a perforated iron box was used to cover the probe
to prevent compression. Three-way connections were established between measurement points to serve as gas
extraction and temperature observation points. Every 20 m of working face advancement necessitated the pre-
embedding of a 4-way pipe behind the initial set of supports on the retaining roadway, buried at depths ranging
from 1 to 2 m, implementing overall monitoring of the gob.

Monitoring results and analysis

Daily, morning sampling and afternoon data analysis were conducted to examine the distribution of O, concen-
tration and temperature. Figure 3 illustrates the O, concentration distribution in the open gob area formed after
the connection between the retaining roadway and the gob. As the working face advanced by 300 m, the O, levels
decreased from the intake-air roadway to the return-air roadway. There was a consistent declining trend of O,
concentration from the working face toward the deeper gob, with a higher concentration nearer to the intake-air
roadway due to the influence of air leakage. The retaining roadway was connected to the zone near the work-
ing face with high O, concentration, creating a hazardous area susceptible to spontaneous combustion. Within
150 m of the working face along the intake-air roadway, the O, concentration consistently exceeded 18%. In the
deeper area of the gob along the return-air roadway, owing to minimal air leakage and higher O, consumption
from residual coal, this area primarily functioned as a heat dissipation zone. Figure 4 presents the temperature
data, indicating relatively stable temperature changes along the side of the intake-air roadway. Within 100 m
from the working face, the temperature had a decreasing trend followed by a slight increase, ranging between
23 and 26 °C with minimal fluctuations. Along the return-air roadway, the average temperature ranged from 35
to 38 °C. Within the initial 200 m of the working face, the temperature gradually rose with slight fluctuations.
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Figure 2. Position of measuring point arrangement.
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Figure 4. Temperature change line chart.

Furthermore, at 270 m from the working face, it experienced significant fluctuations, reaching relatively high
points. The highest point recorded was 273 m on the return-air roadway, reaching 43.1 °C near the initial mining
location of the working face, indicating that the area requires attention.

Simulation results and analysis

Model construction

Considering the actual geological conditions of Xiaonan Mine, a uniform porous-medium gob model was con-
structed. This model represents a gob area measuring 300 m in length, 200 m in width, and 30 m in height. The
roadway cross-section adheres to a regular rectangle, measuring 4 m in length and 3 m in height. To create this
model, a hexahedral meshing was used for discretization, resulting in a total of 233,791 grid elements. The gas in
the gob was assumed to be incompressible, and only convective heat transfer was considered for the gas. Conse-
quently, the coal rock was modeled as being horizontally layered. Meanwhile, the incoming airflow was assumed
to contain neither methane nor other harmful gases, as illustrated in Fig. 5. To simulate crucial parameters like
porosity and viscous resistance, the retaining roadway’s one-side wall was set as an interface (interior). These
parameters were obtained using PFC and subsequently imported into a CFD software for further simulation.
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Figure 5. Grid division of gob.
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The gob filling rate was obtained using measured data from the mine. Details of these essential parameters are
presented in Table 1.
The calculation formula for the bulking coefficient is as follows:

\%4

K= —
Vo

(1)
where V' is the volume change of the rock under external forces, and Vj is the original volume.

Analysis of the flow field in the gob

Figure 6 illustrates the distribution of wind velocity vectors. On the intake-air roadway side, the wind veloc-
ity rapidly peaked at 1.11 m/s, which was influenced by the initial velocity. At the intersection of the retaining
roadway with the gob, the value reached 0.96 m/s. As it progressed deeper, the velocity gradually decreased. Air
leakage causing pressure differences at both ends of the working face resulted in higher velocities at the upper
and lower corners, reaching approximately 1 m/s. Simultaneously, airflow converged toward both the return air
and the retaining roadway side. Within the gob, a higher compaction increased resistance to the airflow, leading
to a loss of kinetic energy. Consequently, wind velocity became relatively low, especially toward the return-air
roadway. In the deeper gob areas, the wind velocity almost diminished. However, on the retaining roadway side,
the streamlines were more concentrated because of its connection with the gob. The increased leakage airflow
changed the distribution of O, concentration within the gob.

The progression of the working face influenced the variation in the retaining roadway length, consequently
impacting airflow leakage and direction within the gob. Illustrated in Fig. 7 are simulation results depicting the
leakage airflow, where positive and negative values represent airflow into and out of the gob. Before reaching
the cutting eye of the 1506 working face, leakage airflow entered the gob from the upper corner of the intake-air
roadway and circulated back to the working face, resulting in a relatively minimal airflow leakage of only 17 m*/
min. However, after implementing GERRCPR, within the next 400 m, leakage airflow originated from the entire
working face, predominantly entered the gob, and returned primarily to the retaining roadway. As the retaining
roadway lengthened, the leakage airflow increased gradually, peaking at 226 m*/min when the roadway reached
500 m. However, in the following 600 m of the working face progression, the increasing length of the retaining

Project Parameters
Air distribution volume 1200 m*/min
N1-1502 Transport roadway wind velocity L1l m/s
N1-1502 into the wind to transform the roadway wind velocity | Free flow
N1-1502 Return-air roadway wind velocity Free flow
Permeability 2.43x107% m?
Gob filling rate 83.2%
Bulking coefficient 1.41

Table 1. Basic parameters.
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Figure 6. Vector diagram of wind velocity in gob.
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Figure 7. Air leakage rate under different working face advancing distance.

roadway resulted in a gradual decline in the leakage airflow. Approaching the stop line, the mining pressure’s
influence induced alterations to the roadway’s cross-sectional area, shape, and smoothness, resulting in increased
airflow resistance and reduced kinetic energy. Consequently, the leakage airflow was significantly reduced to
143 m*/min at this stage.

Evaluating fire prevention and extinguishing with varying nitrogen injection parameters

The fire prevention and extinguishing effects within the gob are influenced by diverse nitrogen injection param-
eters. Numerical simulation, the working face mining method, and field data were combined to explore the
impact of different nitrogen injection positions and rates on O, concentration within the gob. The primary aim
of this study was to examine the optimal nitrogen injection process with the aim of improving fire prevention
effects within the gob.

Evaluating simulation outcomes for varying nitrogen injection positions

The impact of diverse nitrogen injection positions on the oxygenation zone within the gob was examined through
simulations. A nitrogen injection pipeline was installed along the retaining roadway. Each pipeline comprised
three evenly distributed nitrogen injection ports placed at distances of 30 m, 50 m, 70 m, and 90 m from the
working face direction. The simulation conditions comprised a nitrogen injection rate of 600 m?/h. The findings
revealed a reduction in O, concentration on both the intake- and return-air roadways, with a more pronounced
decrease observed on the intake-air roadway side. The oxidation zone near the return-air roadway appeared
smaller and closer to the working face. Notably, the O, concentration reached a minimum near the nitrogen injec-
tion port. Subsequently, in the deeper areas of the gob, the O, concentration gradually increased, stabilizing at a
level lower than that observed in the non-nitrogen-injected scenario. The deeper the positioning of the nitrogen
injection port, the greater the tendency for the oxidation zone to shift backward. When the nitrogen injection port
was positioned at 30 m from the working face, a greater proportion of the injected nitrogen returned because of
air leakage, resulting in a decline in the O, concentration below safety production requirements at the working
face. However, the O, concentration in the deeper gob areas remained relatively unchanged. At a distance of 50 m,
nitrogen primarily infiltrated the gob, substantially decreasing O, levels and diminishing the oxidation zone.
However, a relatively large strip-shaped oxidation zone persisted near the retaining roadway. When positioned
at 70 m, the gob’s oxidation zones were minimized, effectively reducing their extent. On the intake-air roadway
side, the oxidation zone extended 22-35 m from the working face, while on the return side, it ranged from 17
to 26 m. As the distance increased to 90 m, the treatment effect deteriorated because of air leakage, resulting in
an oxidation zone surpassing that observed at the 70 m position (Fig. 8).

Evaluating simulation outcomes for varying nitrogen injection rates

Following the “Technical Specifications for Nitrogen Fire Prevention and Extinguishing in Coal Mines” and
relying on the theory of the oxidation zone, a nitrogen injection calculation model was developed. The model
considered the geological and mining parameters specific to the mine. It was developed to calculate the nitrogen
injection rate by using actual air leakage data to meet the fire extinguishing criterion of reducing O, concentra-
tion to 8%. The formula for determining the nitrogen injection rate is as follows:

Qu = 60KQy -2 2
TG+ G -1 @
where Q, signifies nitrogen injection rate, measured in m*/h. Qg represents the air leakage rate in the oxidation
zone of the gob. Its value is 7 m*/min. C; denotes average O, content in the oxidation zone. Its value is 13%.
Qn = 60Qo & represent fire prevention inerting index of the oxidation zone in the gob. Its value is 8%. C,, is
the fire prevention requirement for nitrogen injection purity. Its value is 97%. K denotes reserve coeflicient,
with a value of 1.3.

The simulations were based on the calculation formulas from the “Technical Specifications for Nitrogen Fire
Prevention and Extinguishing in Coal Mines” and the actual on-site conditions. Four nitrogen injection rates
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Figure 8. Cloud chart of O, distribution at different nitrogen injection positions.

were used to perform the simulations: 400 m*/h, 500 m*/h, 600 m*/h, and 700 m*/h. The nitrogen injection was
located on the intake-air roadway side, 70 m away from the working face, using one porous long pipe that evenly
distributed nitrogen through three injection ports. The simulation results in Fig. 9 show that as the nitrogen
injection rate increases, the overall O, concentration decreases, and the oxidation zone compresses toward the
working face. At a nitrogen injection rate of 400 m?/h, the oxidation zone’s width on the retaining roadway side
measured 33 m, while the O, concentration on the return-air roadway remained relatively unchanged. Upon
reaching a flow rate of 600 m*/h, the average O, concentration within the gob was effectively maintained below
8%, meeting fire prevention and inertization standards. Moreover, the oxidation zone remained at a safe distance
from the working face, adhering to production safety requirements. Increasing the flow rate further to 700 m*h
reduced the oxidation zone’s width. However, the oxidation zone on the return air side excessively approached
the working face, potentially posing a safety risk.

Application
During the mining stage, the KJ428 mine-distributed laser fire monitoring system was used to monitor the gob for
potential fires. A step-by-step buried pipe nitrogen injection method was implemented. This approach involved
designing two sets of one-loop step-by-step porous long nitrogen injection pipelines along the transportation
roadway, starting from the initiation of the cutting eye and continuing throughout the working face’s progres-
sion until the mining completion. Before the initial set of supports, @108 mm nitrogen injection pipelines were
pre-buried. At intervals of 30 m along the transportation roadway during mining operations, an additional set
of pipelines was pre-buried to align with the working face’s length. Following the collapse of the working face
into the gob, the closest pre-buried pipelines would activate to continuously inject nitrogen, covering a range
of 30-70 m from the working face. Considering technical, economic, and safety aspects, the nitrogen injection
rate was set at 600 m?/h, as illustrated in Fig. 10. This setup was established by combining numerical simulations
with actual monitoring data. Parameters such as a step distance of 30 m, nitrogen purity exceeding 97%, and a
reliable bundle pipe system were established. Various methods were employed, including manual monitoring
and sampling analysis. Carbon monoxide (CO) gas was identified as the primary indicator for early fire predic-
tion and forecasting. Additionally, CO and olefinic gases were used as standard gases to determine the stage and
severity of spontaneous combustion. These measures facilitated fire prediction and forecasting, ensuring the
stable advancement of the working face.

To achieve efficient nitrogen filling, the design of the current pre-buried pipeline is optimized using simulation
data. The nitrogen pipeline system is designed with 8-hole groups, comprising 6 individual nitrogen injection
drill holes within each group. These holes are uniformly positioned around the pipe at a 60° angle and a radius
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Figure 10. Nitrogen injection pipeline layout and pipeline design.

of 1 cm. To ensure a uniform diffusion of nitrogen within the gob, the spacing between each column of pipes is
set at twice the diffusion radius of nitrogen; this configuration prevents overlap between the two sets of nitrogen
release points.

We adopted strict burial standards of a step-by-step, porous long-pipe nitrogen injection pipeline. Hence,
the pipeline could withstand stress and pressure as the working face advanced. The results indicated a significant
decrease in the concentration of O, within the gob, as illustrated in Fig. 11. The O, concentration exhibited a
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Figure 11. Cloud chart of O, concentration in gob during nitrogen injection.

distinct spatial gradient. Within the range of 0 to 10 m near the intake-air roadway, the O, concentration peaked
to 20.7%, gradually decreasing from the center of the nitrogen injection pipe toward both sides. Near the nitrogen
injection point, the O, concentration approached zero. In the gob, more than 50 m away from the intake-air
roadway, the O, concentration decreased significantly, reaching a minimum of 2.6%. This observation indicates
the effective diffusion of the injected nitrogen into the deeper section of the gob. Overall, most parts of the gob
had O, concentrations below 8%, primarily forming a suffocation zone. These results are generally consistent
with the simulation results, validating the accuracy of the simulation.

Conclusion

To effectively minimize the risk of spontaneous combustion during coal mining, nitrogen injection treatment
was applied to a gob, leveraging on-site measurements and numerical simulations. The numerical simulations
aided us in determining nitrogen injection parameters and optimizing the nitrogen injection pipeline to improve
the overall injection effect. The conclusions of the study are as follows:

1. Inthe GERRCPR condition, the connection between the retaining roadway segment and the gob resulted in
an open gob area. This exhibited a decreasing trend in O, concentration from the intake-air roadway toward
the return-air roadway. However, higher O, concentrations were noted close to the intake-air roadway
because of air leakage. The retaining roadway segment was connected to the zone with higher O, concentra-
tion near the working face, forming a hazardous area prone to spontaneous combustion. Within 150 m of the
working face, O, concentration generally remained above 18%. Notably, at a 273 m distance in the return-air
roadway, a high-temperature area reached 43.1 °C, close to the initial mining position of the working face.
This underscores the crucial need for intensified monitoring and enhanced safety management measures.

2. 'The simulation of the airflow within the gob area revealed various patterns. On the intake-air roadway
side, the initial wind speed had an effect on the airflow velocity, which peaked at 1.11 m/s. At the intersec-
tion of the retaining roadway and the gob, the velocity was 0.96 m/s. The presence of air leakage induced
a pressure difference at the working face, causing the airflow to converge from the intake to the return-air
roadway. Within the gob, the airflow experienced resistance due to high pressure, resulting in relatively
sparse streamlines. Conversely, on the retaining roadway side, the streamlines appeared denser. The gob’s
air leakage varied with the working face advancement and the length of the retaining roadway. Initially, the
air leakage rose; however, it subsequently decreased. Before advancing to the 1506 working face, the airflow
leakage was relatively small, being only 17 m*/min. The value peaked to 226 m?/min when the length of the
retaining roadway was 500 m. As the working face approached the stopping line, the roadway underwent
deformation due to the influence of mining pressure, leading to a reduction in air leakage to 143 m*/min.

3. 'The nitrogen injection position and rate impacted the distribution of O, concentration. When setting a
nitrogen injection point at 70 m from the working face and using a flow rate of 600 m*/h, notable reduc-
tion occurred in the spontaneous combustion zone. This reduction resulted in a span of 22-35 m along the
intake-air roadway and 17-26 m on the return-air roadway, effectively mitigating the risk of spontaneous
combustion. Consequently, the average O, concentration in the gob remained below 8%, achieving effective
fire prevention and inerting the gob. The oxidation zone maintained a secure distance from the working face,
meeting production safety requirements. In the engineering implementation phase, optimizing the design of
the hole arrangement and individual holes within the step-by-step buried nitrogen injection pipeline involved
creating 8 hole groups, each containing 6 individual nitrogen injection drill holes. Each hole was positioned
at an angle of 60° and had a radius of 1 cm, achieving a uniform diffusion within the gob and improving the
effectiveness of the nitrogen injection. Not only can this effectively prevent spontaneous combustion and
ensure production safety, but it can also enhance the economic efficiency of a mine’s production.
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