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Fig.9 Variation trend of low oxygen gas outflow rate
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Multi-parametric influencing mechanism of hypoxia disaster in shallow
buried near-distance coal seam group working face

MA Liang', REN Huixian’, GAO Liang', FENG Guangliang', XIE Pengjie',
WU Congcong” , XIA Tonggiang”, HOU Peng’, Mukhammedrakhym RABATULY*

(1 Shenmu Caragana Mining Co, Ltd. , Shaanxi Coal Group, Shenmu 719300, Shaanxi, China;
2 Carbon Neutrality Institute, China University of Mining and Technology, Xuzhou 221116, Jiangsu, China;
3 School of Civil Engineering, Wuhan University, Wuhan 430072, China;
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Abstract: This study investigates the causes and influencing mechanisms of hypoxia in working faces within shallow-buried, closely
spaced coal seam groups. Based on field surveys conducted across 30 coal mines in the Shanxi-Shaanxi-Inner Mongolia region, we
analyzed the geological characteristics and primary contributors to low-oxygen environments in this area. The findings indicate that the
main sources of low-oxygen gas include the N, —CO, zone (30% ) , oxidation of residual coal in the goaf (33% ), and nitrogen injection
into the goaf (37% ). The key influencing factors identified are variations in the ventilation system (17% ), mining-induced fracture
connectivity (44% ), changes in surface atmospheric pressure (33% ), and periodic roof weighting (6% ). To quantitatively analyze
the gas exchange dynamics, we established a multi-gas volume fraction variation model for the “three zones” ( surface, goaf, and
working face ) under “breathing” conditions. This model incorporates the mass conservation equation, Bernoulli’s equation, and
Dalton’s law of partial pressures, while specifically accounting for the effects of fracture dimensions and periodic pressure fluctuations.
Simulations of the model, validated against field sensor data from the Ningtiaota Coal Mine S1233 working face, demonstrate a high
degree of consistency with actual measurements, confirming its reliability. The results indicate that the rate of decrease in oxygen
volume fraction within the goaf is negatively correlated with positive pressure difference, air leakage crack size, and air leakage
coefficient. Conversely, it is positively correlated with the absolute value of the negative pressure difference, temperature, advance rate,
and air leakage volume from adjacent goafs. Conversely, the rate of increase in low-oxygen gas outflow at the working face exhibits a
negative correlation with positive pressure difference and temperature , while showing a positive correlation with the absolute value of the
negative pressure difference, air leakage coefficient, advance rate, and air leakage from adjacent goafs. Furthermore, sensitivity
analysis reveals that the air leakage coefficient, crack size, and leakage from adjacent goafs significantly impact both oxygen depletion in
the goaf and the hazardous gas outflow to the working face.

Key words: safety engineering;shallow buried coal seam group;“three-zone” wheezing;hypoxic characteristics ; multi-parameter
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