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Surge Risk Analysis of Deep Drainage Tunnel System Based on Transient

Flow Model
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Abstract; Based on analyzing the causes and hazards of surge formation in deep drainage tunnels,
the necessary requirements for modeling surge phenomenon were summarized as follows: complete
solution of one-dimensional St. Venant equation, being capable of modeling both free flow and
pressurized flow, pipes being divided into segments, and short enough modeling step. Feasibility and
operability of several hydraulic models ( InfoWorks ICM, Mike Urban, SWMM5, ITM and TAP) in
quantitative analysis of transient flow were compared and analyzed, and the TAP model was employed to
simulate the surge formation process in a deep drainage tunnel system under the condition of rapid filling.
Different degrees of negative pressure would be generated due to trapped air pocket when the flow
encountered way-along obstacles and separate obstacles. The quantitative analysis results could provide
reference for the design of tunnel inner lining to prevent structural damage caused by negative pressure.
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Fig. 1 Layout of deep tunnel system in a southern city

H TR % 2R G0 B KB B h 30 m*/s, (R
PR RS R GEAL T HEES LR, T2 R G40 SR
VA , DRAEHRDT 00T 2% B R R B S AN
AT R BE 2 G800 fe SRS LB, 50 4F — 8 [ T 2%
R ARSI ek WK 2,

—_
[\

—Yl —Y2 —Y3 Y4 —Y5

10}
T:L gl
§ 6
i
z ¢

2

0 2 4 6

t/h
B2 FTEREZHKEBHASTELE

Fig.2  Hydrograph of each drop shaft in deep tunnel system
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Tab.1 Analysis on the key features for transient flow simulation of different hydraulic models
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Fig.3  Transformation process of flow regime from free

flow to pressurized flow
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Fig.4  Generation processes of air pocket and negative pressure

when flow encounter with drop shafts
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Tab.2 Time, duration and size of air pocket and negative pressure due to the encounter of flow and way-along obstacles
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Fig.5 Air pocket and negative pressure between drop shaft

Y2 and drop shaft Y3
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