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Abstract: With the continuous development of coal mining towards deeper areas, mines have been facing increasingly
severe disasters such as rockburst and coal and gas outbursts in recent years. Coal seam water injection, with
significant advantages in coal and gas outburst control, anti-impact and unloading pressure, has become a widely-
used disaster prevention method in mines. To systematically summarize the research on coal seam water injection
seepage and wetting mechanism, this paper sorts out the development trend of coal seam water injection at home and
abroad, and comprehensively analyzes the relevant achievements from the aspects of pore and fracture structure,
seepage and mechanism, and wetting mechanism. In the study of pore and fracture structures. by using advanced
microscopic observation techniques, quantitative characterization models for various pore and fracture structures are
successively established and their geometric parameter characteristics are accurately described, which helps to
develop more targeted water injection plans for different coal seam characteristics. In the study of seepage process,
a seepage theoretical model considering multiple factors is constructed, and seepage data is obtained through

advanced measurement techniques to reveal the influence of water injection parameters. In addition, numerical
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simulation technology achieves the visualization of the seepage field. In the study of coal wetting mechanism, the
micro principle of wetting is revealed, the differences in wetting characteristics of different coal qualities are
clarified, and effective wetting agents are screened to improve the water injection effect. However, there are still
limitations in the current research, such as the lack of integration between pore and fracture structure studies and
macroscopic engineering, and the need to further consider the influence of fluids on coal structure in optimizing
seepage numerical models. This study provides a theoretical basis for optimizing the effectiveness of coal seam water
injection and is of reference significance for ensuring coal mine safety, promoting the development of disaster
management technology. and ensuring energy security and stability.
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Fig. 1 Development history of coal seam water injection technology at home and abroad
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Fig. 2 Coal pore and fracture structure
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Table 1 Classification of coal pores
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Fig. 3 Fractal permeability model
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Fig. 4 Schematic diagram of seepage and gas-liquid two-phase flow around the coal seam water injection borehole
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Fig. 5 Conceptual model of hydraulic displacement of gas in porous coal rock
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Fig. 6 Gas liquid migration of chip model
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Fig. 7 3D reconstruction of microfracture network and numerical simulation diagram
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