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ABSTRACT Coal seam water injection technology plays a vital role in diminishing dust formation in mining operations by
humidifying coal masses, thereby minimizing the dispersion of airborne particulate matter. This technique is crucial for managing dust in
underground operations. As mining operations reach greater depths and face diverse geological challenges, understanding the impact of
various factors on coal seam water injection becomes crucial. These factors include the inherent properties of coal bodies and the sizes of
pores and fractures. Without this knowledge, predicting the extent of moisture penetration is unfeasible, hindering moisturization.
Consequently, to enhance the effectiveness of coal seam water injection, this research investigates the primary factors influencing the

process. Initially, we developed a percolation model, incorporating elements such as pore throats, equivalent pore diameter, effective
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porosity, capillary bundles, tortuosity, and flow paths. Furthermore, an online CT scanning loading percolation system was used to
reconstruct three-dimensional visualizations of effective microfracture structures in coal bodies from five mines with varying
metamorphic degrees: Inner Mongolia, Tongfuxin, Meihuajing, Dahuang Mountain, and Ciyaogou. The fractal theory was applied to
extract parameters for calculating effective connected pores and fractures. In addition, experiments were conducted to measure coal
permeability from these five mines, validating the model. Finally, the study introduced “sensitivity” to characterize the impact of various
factors on seepage flow. By applying the Morris screening method, we combined numerical analysis with the percolation model to
quantitatively screen main controlling factors such as coal body strength coefficient, tortuosity fractal dimension, effective porosity,
volume fractal dimension, and pore throat radius. Their influence on water injection capacity was analyzed. The main conclusions were
as follows: (1) A percolation model was established, incorporating factors such as coal body strength coefficient, tortuosity fractal
dimension, effective porosity, volume fractal dimension, and pore throat radius. Through comparative calculations, this model measures
the water injection capacity of coals across different regions such as Inner Mongolia, Tongfuxin, Meihuajing, Dahuang Mountain, and
Ciyaogou. (2) The main factors affecting coal seam water injection capacity, ranked from most to least significant, include the coal body
strength coefficient, tortuosity fractal dimension, effective porosity, volume fractal dimension, and pore throat radius. The coal body
strength coefficient demonstrated the highest sensitivity at 16.765, whereas the pore throat radius had the lowest sensitivity at 0.00117.
(3) The study thoroughly evaluated how these key factors affect water injection capacity. The relationship between water injection
capacity and strength coefficient follows a sinusoidal function curve distribution. Water injection capacity increases with effective
porosity and decreases with higher tortuosity fractal dimension and volume fractal dimensions. The research results provide a solid
theoretical basis for further improving coal seam water injection percolation theory, enhancing wetting effects, and preventing mine dust.
KEY WORDS coal seam water injection; effectively connected pore cracks; seepage flow model; main controlling factors; computed
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Table 1 Coal sample information on five coal bases

Serial number Types of coal Coal mine Subordinate regions
1 Long-flame coal Ciyaogou Jinbei
2 Long-flame coal Meihuajing Ningdong
3 Anthracite Tongfuxin Jindong
4 Gas coal Inner Mongolia Eastern inner mongolia
5 Noncaking coal Dahuang mountain Xinjiang
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Fig.1 Sample collection site distribution and CT scan hole fissure structure diagram
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Fig.2 Three-dimensional total pore-fracture structure and connected pore-fracture structure
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Table 2 Parameters affecting the microstructure of coal seam water injection
Coal samples 0/ % Dy Dy S/ Finax/ MM
1 6.51 2.41 2.48 21.87 0.12
2 14.77 2.37 2.42 29.40 0.14
3 5.09 2.33 2.61 13.87 0.14
4 5.16 2.39 2.48 12.26 0.12
5 6.42 2.38 2.45 16.83 0.12
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Fig.4 Multiscale real-time online CT scan loading seepage system: (a) Coal core humidifier structure operation; (b) Pressure operating table
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Table 4 Measured values of seepage flow of different coal samples

Coal sample serial number 010" mL-s™)

1 0.044
2 2.772
3 0.00001981
4 0.0001252
5 0.0185
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Fig.5 Comparison of measured and calculated seepage flow
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Table 5 Actual scope of influencing factors

406/% DT Df f rmax/um rmin/l'lm
1-20 1-3 1-3 0-2 3-300 0.12-1.5
10 2 2 1 151.5 0.81
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Table 7 Sensitivity classification of water injection influencing

factors™!

Absolute value of sensitivity

L Sensitivity classification
discriminant factor
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Fig.7 Variation in water injection capacity with f: (a) plot of flow rate versus f; (b) plot of the rate of change of flow rate versus f'
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