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Abstract

Aiming to address complex air leakage networks, pronounced pressure-difference fluctuations, and
the “breathing phenomenon” in large-area connected goafs, which may induce spontaneous com-
bustion of residual coal and abnormal emissions of toxic and hazardous gases, the connected goafs
of the No. 52105 and 52107 working faces in the No. 5 coal seam of Okhobrak Coal mine were inves-
tigated. The SFe tracer-gas method, pressure measurements, and long-term monitoring of sealing
pressure differences were employed to characterize air leakage and pressure-difference variations.
An integrated control technology combining fire suppression, air-leakage mitigation, and pressure-
difference-nitrogen injection regulation was proposed. The results show that the two goafs are par-
tially connected both horizontally and vertically, with pronounced air leakage in the sealed regions.
The sealing pressure difference fluctuates between -20 and 40 Pa in winter and -10 and 15 Pa in
summer, exhibiting clear daily periodicity and alternating positive and negative pressure. Atmos-
pheric pressure is closely correlated with the sealing pressure difference, while surface tempera-
ture mainly affects it indirectly through atmospheric pressure. After implementing sealing rein-
forcement, fracture sealing, and dynamic pressure-difference-nitrogen injection regulation, the
pressure-difference fluctuation was controlled within -10 to 10 Pa, the positive-negative pressure
alternation was largely eliminated, and the “breathing phenomenon” was significantly weakened,
effectively mitigating the risks of residual-coal spontaneous combustion and toxic and hazardous
gas emissions.
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Figure 1. Distribution of coal seam working face
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Figure 2. Determination of point position by pressure energy
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Figure 3. Pressure energy measurement results
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Figure 4. Tracer gas release point
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Figure 5. Surface fissures
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Figure 6. SF¢ gas released from surface cracks
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Figure 7. Monitoring points of pressure difference variation law
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Figure 8. Monitoring results of pressure difference inside and outside the goaf in winter
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Figure 9. Monitoring results of pressure difference inside and outside goaf in summer
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Figure 10. Monitoring results of surface temperature and atmospheric pressure
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Figure 11. Pressure difference monitoring automatic control system
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Figure 13. The monitoring results of pressure difference in winter after the application of comprehensive prevention and

control technology
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