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Abstract
In the construction of tunnels through shale formations, excessive gas pressure in the rock mass
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ahead of the working face is the primary factor inducing rock and gas outbursts. Taking the Baiyun
Mountain Tunnel as a practical case, this study establishes a numerical model based on fluid-solid
coupling theory to systematically investigate the influence of borehole diameter, extraction time,
extraction negative pressure, and borehole spacing on gas extraction efficiency. The findings reveal:
when the borehole diameter ranges between 0.100~0.125 m, the effective extraction radius incre-
ment reaches its maximum; the extraction time and effective extraction radius conform to a power
function equation, with the effective radius increment peaking at 2 days of extraction; within a cer-
tain range, extraction negative pressure has minimal impact on the effective extraction radius;
when borehole spacing is controlled at 1.5 m, the superposition effect of dual borehole extraction
is pronounced, keeping residual gas pressure below 0.74 MPa. This study quantifies the relation-
ship between gas extraction parameters and efficiency, determines the optimal borehole parame-
ters for the Baiyun Mountain Tunnel, and provides theoretical foundations and technical references
for gas prevention in similar shale formation tunnels.
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Figure 1. Meshing diagram of the single borehole calculation model
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Figure 2. Grid division diagram of two drilling calculation models
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Figure 3. The effective drainage radius corresponding to the borehole diameter changes over time
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Figure 4. Increment in the effective drainage radius between drilling diameters over time
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Figure 5. Gas pressure variation curve of monitoring line at different pumping times
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Figure 6. Curve graph of effective pumping radius for different pumping times
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Figure 7. Incremental curve of effective pumping radius at different pumping times
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Figure 8. Curve diagram of gas pressure changes under different negative pressures in monitoring lines
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Figure 9. Curve of effective pumping radius under different pumping negative pressures
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Figure 11. Stereoscopic cloud map of effective gas drainage radius at different drilling intervals
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