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Abstract: In order to prevent effectively coal and gas outburst accidents in the mining
process of the 1302 working face in the Weijiadi coal mine, adhere to strictly the principle of
regional anti-outburst measures and supplement the principle of partial anti-outburst
measures, and under the premise of regional anti-surge measures implementation, coal water
injection was put forward to eliminate coal seam risk., that is a partial anti-outburst measure.
On the basis of analyzing the mechanism of water injection and outburst prevention in coal
seams, a water injection scheme for coal seams was developed, which combines hydrostatic
pressure water injection for long boreholes in two-shaft drilling and dynamic pressure water
injection for short-hole drilled holes on the working face. According to the comparative
analysis of the sensitive indicators of the prominent prediction before and after the water
injection on the coal seam, the elimination effect was obtained. The results showed that after
the coalbed water injection, the maximum predictive sensitivity index of drilling desorption
index K1 value, the maximum cuttings amount Smax and the drilling desorption index Ah;
maximum reduction were 50%, 30% and 20%, respectively, and achieved a good elimination
effect.

1. Introduction

As the level of mining extends deeper, the geological conditions become more and more complex,
and the in-situ stress and gas pressure increase, which increases the possibility of coal and gas
outburst accidents. The “Protection of Coal and Gas Outburst Regulations” requires that the outbreak
prevention work adhere to the principles of regional anti-outburst measures and partial anti-outburst
measures. After the implementation of regional outbreak prevention measures, the search for a
cost-effective and effective elimination method has become the focus of domestic and foreign
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scholars [1-3]. Coal seam water injection is a kind of local anti-outburst measures with simple
operation and low cost. Its core technology is to grasp the scope of the pores and water injection.
Based on the above analysis, this paper takes the outburst prevention work of 1302 working face of
Weijiadi coal mine as an example to carry out the research on the outburst water injection outburst
prevention technology, and analyzes the effectiveness of the technology through the field

2. Coal Bed Water Injection Mechanism

The coal mine water flooding outburst mechanism mainly has the following aspects: (1) The
process of water injection in the coal seam drives the free gas in the cracked channel to be driven out.
At the same time, the adsorption of water on the coal body also increases the desorption of gas in the
coal gas, thereby making gas more effective. It facilitates drainage and releases gas expansion energy.
(2) The water injection in the coal seam will change the pore structure in the coal body ahead of the
working face, so that the stress concentration area inside the coal seam will move to the deep, leaving
a certain safe length for the pressure relief zone in front of the working face. (3) Water injection in the
coal seam will increase the water content of the coal body, increase the plasticity of the coal body,
greatly reduce the damage of the gas expansion to the coal body, and change the mechanical
properties of the coal body, thereby reducing the incidence of coal and gas outburst accidents.

3. Overview of Workface

The current production capacity of the Weijiadi coal mine is 0.3Mt/a. It is a coal and gas outburst
mine. There have been 11 gas dynamic phenomena. The gas content in the coal seam is 9.22 to
10.17m#t, and the coal bed permeability coefficient is 0.213~0.7m?MPa®-d, 100m gas emission
from boreholes is 0.152~0.278m%min, gas flow attenuation coefficient from 100m holes is
0.032~0.053d?, coal seam is soft and air permeability is poor. The 1302 working face is located in the
west mining area of the mine, with a mining length of 1650m, an inclination length of 200m, an
average coal seam thickness of 8m, a gas content of 9.17m/t, a maximum gas pressure of 1.88MPa,
and a coal seam hardness coefficient of 0.5-1.0. During the tunnel excavation, cascading water
injection drilling holes are arranged on both sides of the transportation trough and return air trough
and in front of the working face.

4. Water Injection Drilling Arrangement and Effects

4.1 Design of Injection Drilling Arrangement

In order to ensure the effectiveness of the local outburst prevention measures during the mining of
the 1302 working face, the two-slot long hole hydrostatic water injection and the cut-off short hole
dynamic pressure water injection were used. The first type of water injection program is to perform
long-borehole hydrostatic water injection under the return air trough along the 1302 working face, the
hole diameter is 75mm, the hole length is 20m, the drilling distance is 10m, and the number of holes is
not less than 8m. Short-hole dynamic pressure water injection in the cut-out, aperture 50mm, hole
length 8m, drilling spacing 10m, mainly in the implementation of maintenance classes, to enhance the
plasticity of the coal body, and the coal body stress to the deep transfer. The specific water injection
wetting radius is the main basis for drilling holes. Many scholars [4-6] have simulated the drilling
wetting radius of different geological conditions, and have played a guiding role in the
implementation of drilling on site. According to the field survey and experience of the Weijiadi coal
mine, the wet drainage radius of the water injection hole is about 5m, the wet radius of the water
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injection hole is greater than 5m, the sealing hole is 4-6m, the water injection pressure is 13-15MPa,
and the water injection pressure is obtained mainly from the effluent of the coal wall. A drop of 30%
depends on stopping the water injection. Long hole static pressure water injection shown in Figure 1,
short hole dynamic pressure water injection shown in Figure 2.
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Fig.1 Long hole static pressure injection Fig.2 Short-hole dynamic pressure injection

4.2 Determination of Water Injection Parameters

4.2.1 Water injection pressure

Water injection pressure and water injection volume are the key to water burst prevention in coal
seams. If the water injection pressure is too small, it will not change the changes in coal cracks and
pore structure, and it will not be able to depressurize the coal and discharge gas; however, if the water
injection pressure being too large may induce coal and gas outbursts. Two-slot hydrostatic water
injection is mainly for the purpose of moistening the coal body and increasing the plasticity of the
coal body. The water injection pressure is generally not less than 2 MPa. However, the short-hole
high-pressure water injection in the working face is mainly to change the internal mechanical
properties of the coal body, so that the concentrated stress in front of the coal body is transferred to
the deep, and the pressure is generally at least 10 MPa.

4.2.2 Sealing hole length and water injection time

When two slots are used for hydrostatic water injection with long holes, a special sealer is used to
seal the holes, and the length of the seal hole is 6m. During the water injection process, the water
injection pressure and flow rate are measured through the water meter. When high-pressure water
injection is performed on the short-hole drilled hole in the working face, the special hole sealer is
used to seal the hole. The length of the hole to be sealed is 4m. In order to transfer the stress
concentration zone to the deep part of the coal body, the early water injection pressure shall not be
less than 10 MPa, and the post injection pressure shall be 6 MPa. During the water injection process,
flow and pressure measurements should be made through the water meter. Short-hole high-pressure
water injection time is generally about 2 hours. The water injection for the two-path hydrostatic tank
is generally an intermittent water injection and lasts for about one week. It is determined according to
the effect of water injection drilling, and the coal wall water outlet is over.

4.3 Anti-outburst effect analysis

After implementation of hydrostatic water injection with long hole in the trough and
hydrodynamic water injection with short cut hole, the maximum drill cuttings Smax, the desorption
index dh2, and the desorption index K1 of the drill cuttings were measured. Coal seam water injection
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outburst effect, as shown in Figure 3 ~ Figure 4.
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Fig.3 The change of K; and Smax value of drill cuttings before and after water injection
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Fig.4 The change of drill gas desorption index Ah, before and after water injection

According to Figure 3, the desorption index K; and Smax value of drill cuttings after water
injection at the working face is respectively 0.2 and 4.2 at the lowest, and the maximum drop is
respectively 50% and 30%; Fig. 4 shows that after the water injection, the value of Ah;, desorption
index of drill cuttings is reduced to 88 at the lowest and the maximum drop is 20%. Through coal
seam water injection, the free gas in the coal seam is expelled and released, and some adsorbed gasses
are also desorbed. The content of gas in the coal seam is greatly reduced, and gas outburst accidents
are effectively controlled.

5. Conclusion

(1) Based on the analysis of coal seam water injection outburst and actual conditions on the site, a
coal mine water injection outburst program combining long borehole hydrostatic injection and short
borehole hydrodynamic pressure injection was proposed, and the criticality of high pressure water
injection was determined based on the energy principle.

(2) After field application, after the water injection in the coal seam, the maximum predictive
sensitivity index K; value of the desorption index of drill cuttings, the maximum amount of drill
cuttings Smax, and the maximum reduction of drill desorption index Ah; are 50%, 30%, and 20%,
respectively, thus reduces the possibility of accidents and ensures safe mining.
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