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Research on mechanism and engineering application of coal seam
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Abstract: The long-term engineering practices both domestically and internationally have confirmed that coal seam
water injection technology. as a preventive and control measure, can effectively control disasters such as coal dust,
gas, and rockburst from the source, providing important guarantees for coal mine safety production. Based on
recent research results at home and abroad, this paper systematically summarizes the research results on the
mechanism of coal seam water injection in preventing and controlling mine disasters from the dimensions of coal
wetting modification, evolution of pore and fracture structure, and mechanical property regulation caused by water
injection. Coal seam drilling and water injection infiltrate into the coal pore fracture network under pressure, and
suppress the formation of pulverization nuclei by encapsulating coal dust particles with a water film and reducing the
surface energy of the coal, thus achieving the prevention and control of dust pollution from the source. The
hydraulic wetting effect weakens the strength of coal and enhances its plasticity, and combined with the regional
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pressure relief effect generated by hydraulic fracturing, significantly improves the stress distribution of coal seams,
thus effectively preventing coal seam rockburst disasters. At the same time, the water molecules injected into the
coal seam compete to adsorb and replace the gas in the pores of the coal body, and, combined with the high-pressure
hydraulic anti-permeability mechanism, significantly enhances the fluidity of coal seam gas, thus greatly improving
the efficiency of coal seam gas extraction. Although the existing research has elucidated the mechanism of water
injection disaster prevention from multiple perspectives, there is still a need for further exploration in the anisotropic
characteristics of water injection infiltration, the dynamic response mechanism of water-coal-gas stress multi-field
coupling, and the impact of geological and mechanical environmental variations on water injection effectiveness under
complex geological conditions in deep areas. The breakthroughs in these key issues will provide theoretical support
for the development of new coal seam water injection technologies that are suitable for deep mining conditions, and
promote the level of hydraulic prevention and control of coal mine disasters to a new level.
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Fig. 1 Dust production process by the intrusion of pick-type interceptor into the coal body crushing
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Fig. 2 Schematic diagram of coal seam water injection dust control mechanism
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Fig. 3 Distribution of water in strongly and Fig. 4 Forms of inter-particle liquid
weakly wettable coal grains presence in pulverized coal
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Fig. 5 Fitted curves of water content versus compressive strength, peak strain and modulus of elasticity
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Fig. 6 Stress-strain curves throughout triaxial compression of coal samples in the natural and water-saturated states
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Fig. 7 Photos of Hopkinson pressure bar dynamic impact test of coal samples with different moisture content
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Fig. 8 Stress transfer model for both sides of the lane
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Fig. 9 Schematic diagram of methane and water competing for adsorption
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