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Abstract: Coal seam water injection plays an important role in mine dust sourle control, gas control and rock burst
prevention and control. However, the high stress and low permeability of deep coal seams lead to poor water
injection efficiency and disaster prevention effect, which further highlight the importance of water injection and
efficiency enhancement technology and materials. By collecting major research results on water injection and
efficiency enhancement technology and materials, this paper systematically sorts out the research progress of coal
seam water injection and efficiency enhancement technology from the aspects of hydraulic permeability enhancement
technology of fracture network reconstruction, water injection drag reduction technology, and wetting strengthening
materials. In terms of increasing the permeability of coal seam hydraulic fracture network reconstruction, the
technologies of directional hydraulic fracturing, high pressure water jet slotting and hydraulic punching are used to

control the expansion of fractures, numerical simulation and field monitoring are integrated to optimize the fracture
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network shape, and multi-scale fracture networks are constructed to enhance the permeability of coal seams and
expand the wetting range of water injection. In terms of water injection drag reduction, polymer drag reduction
materials, surfactant drag reduction materials and composite drag reduction materials are developed to reduce the
resistance between liquid and pore wall, improve the wetting range of coal seams, and reduce the pressure of water
injection. In terms of the research and development of wetting strengthening materials, new materials such as
surfactant and compound system were developed on the basis of the differences of wettability of coal surface to
enhance the liquid infiltration effect by reducing the surface tension of liquid. However, the existing water injection
technology has such problems as unclear process parameters, low levels of equipment integration and intelligence,
high requirements for spatial environment in construction operations, and insufficient material economy and
environmental protection, all of which need to be further improved in future research. This study can provide
reference for the future development and application of water injection and permeability enchancement technology
and materials for low-permeability coal seams.

Key words: low permeability coal seam; water injection for permeability enhancement; fracture network reconstruc-

tion; drag reduction technology; wetting enhancement material
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Fig. 2 Implementation process of coal seam fracturing technology
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Fig. 6 Principle of drag reduction by surfactants
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Fig. 7 Microscopic structures of different types of surfactants
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Experimental investigation on support performance of prestressed gradient

resistance-increasing yielding anchor bolts/cables in high-stress tunnels
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Abstract: As the depth of underground engineering construction increases, the geostress increases gradually. Large
deformation and instability of surrounding rock due to stress concentration and rapid energy accumulation in deep
geological areas have become increasingly prevalent. With limited yielding capacity, conventional yielding anchor
bolts/cables fail to meet the pressure-relief and energy-absorption requirements of high-stress large-deformation
surrounding rock, leading to frequent fracture failures. Although high-position constant-resistance yielding support

structures can accommodate large deformations, they have low initial yielding sensitivity and delayed deformation
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