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Abstract

The hazard of tunnel water inrush is not determined solely by the absolute inflow magnitude; it is
also jointly governed by the longitudinal gradient, tunnel diameter, spatial position of the tunnel sec-
tion, support and plugging-drainage measures, surrounding-rock class, geological structure, and con-
struction method. In water-rich karst, fault fracture zones, pipe-type water-rich structures, and deep
sections with high external water pressure, even with the same inflow, the disaster consequences
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may differ markedly, or even develop into water and mud inrush. The review is based on the available
literature and the engineering characteristics of deep, long water-conveyance tunnels. A combined
framework of “inflow thresholds, tunnel type, geological condition, and control measures” is proposed.
Recommendations are also given for zoned prediction during construction, advance probing ahead
of TBM excavation, counter-slope drainage, grouting and water blocking, monitoring and early warn-
ing, and emergency control. The analysis indicates that risk may be underestimated when only the
average inflow of the whole tunnel is used, because transient water inrush at the face, water-conducting
faults, and failures of counter-slope drainage can govern the consequences. For deep, long, pressure wa-
ter-conveyance tunnels, total inflow Q, unit-length inflow q, peak growth rate, external water pressure,
surrounding-rock stability, and drainage redundancy should be used together as dynamic criteria.
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Figure 1. Framework for hazard analysis of tunnel water inrush with inflow magnitude as the main line
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Table 1. Classification table of water inflow hazard levels
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Figure 2. Basic classification of water inflow and its correction by unit-length inflow
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Table 2. Hazard level correction table for different tunnel types
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Table 3. Hazard classification table under different geological conditions
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Figure 3. Recommended control chain for high-risk tunnel sections
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