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Optimized Design and Coordinated Operation of Deep Tunnel Drainage System
and Urban Stormwater Management System
LI Jiang-yun, ZHU Hui-zi, @ ZHANG Xuan-qing
(School of Civil Engineering , Wuhan University, Wuhan 430072, China)

Abstract: With the advancement of deep underground space technology, the deep tunnel drainage
system has increasingly garnered attention as an effective component of urban flood control infrastructure.
Based on the Python platform, an optimized design and collaborative operation algorithm for integrating
deep tunnel into the urban shallow stormwater management system was developed by utilizing the SWMM~
API library and the Geatpy toolbox. This study optimized the location of the deep tunnel inflow point in
the East Lake High-tech Development Zone of Wuhan City under different heavy rainfall recurrence
periods. The optimization was conducted with respect to three key indicators: node overflow volume, full-
pipe duration of shallow rainwater pipelines, and storage capacity of the deep tunnel. Subsequently, a
control strategy for the deep tunnel gate was developed and further refined based on the water level data at
the optimized inflow point. Under the premise of meeting flood prevention and control standards, the
stormwater storage capacity of the shallow system could be maximized, the inflow of rainwater through the
deep tunnel was reduced, and it significantly contributed to reducing the scale of the pumping station as

well as subsequent operation and maintenance costs.
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Fig.1 Distribution of waterlogging points in 2024
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Tab.1 Overflow under rainfall with different

recurrence periods

I /a
1 3 5 10 | 20 | 50
R ME/10' m | 4.52 | 14.07 | 23.36 | 45.52 | 75.68 | 93.47
W AEEUAS | 221 | 478 | 589 | 677 | 794 | 840
WS /% | 18.2 ] 39.3 | 48.5 | 55.7 | 653 | 69.1
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Fig.2 LID layout scheme of study area
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Tab.2 Total overflow of nodes under different

conditions
5 FLID, |4 LID, | & LID, | A LID,
> P=3a | P=3a | P=5a | P=10a
PRI H % 440 | 642 | 60.8 57.0
ARSI ME/10' m® | 1407 | 219 | 503 | 119.6
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Fig.6 Final layout of deep tunnel inflow points
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Fig.7 Layout diagram of deep tunnel pipelines
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Fig.8 Evaluation criteria for deep tunnel drainage system
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Tab.3 Optimization results of gate regulation

T N RIS IR 25 1t/
uiH 10 m’ 10* m?

JCRE | AR | O | AR | TR | A TR
P=10a | 3.58 | 3.51 |114.43 {13593 | 13.01 | 6.34
P=20a | 828 | 9.17 | 178.50 | 203.49 | 18.37 | 13.13
P=50a | 24.62 | 25.53 | 293.70 | 329.76 | 20.03 | 17.61
P=100a | 42.64 | 44.17 |370.32 | 391.99 | 23.60 | 20.53
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Fig.9 Inflow comparison of storage tank of deep tunnel

before and after regulation
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