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Tab. 1 Pipeline feature parameters

WG Sh 414
HiE  EIEBE GEBY iz g7 N

m =X A
B OKEm (x107) BT 34 T/ IR

(m3's’l) m
P1 600 5 1.524 0.0138 3.0 0. 60
P2 600 5 1.524 0.0207 2.0 0. 60
P3 600 5 1.524 0.0207 2.0 0. 60
P4 600 1 2.438 0.0141 3.0 0. 60
P5 600 5 1.524 0.0138 7.0 0. 60
P6 600 1 3.048 0.0125 10.0 0. 60
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Fig. 6 Upstream inflow process line
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Fig. 7 Downstream tide level boundary
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Tab. 2 Main and branch pipe parameters

HiE K /m HARm  OHBEREC WEoe AEER| EHHE K /m Htm  HBEREC  WE/e EEEH
P1 261.86 3.5 0.0140 0.36 A P15 1086.76 6.0 0.020 4 0.01 F4
P2 96.21 5.0 0.021 6 0.82 s P16 583.59 6.0 0.020 4 0.02 F4
P3 653.33 5.0 0.021 6 0 s P17 109.42 3.5 0.014 0 2.35 X
P4 1401.74 5.0 0.0216 0 B4 P18 371.19 6.0 0.0199 0 Fi
pPs5 272.20 5.0 0.140 0 0.12 BX P19 161.29 6.0 0.0199 0.01 e
P6 194.21 35 0.140 0 0.24 S P20 433.29 6.0 0.0199 0.01 B4
p7 63.76 5.0 0.0175 1.58 F4 P21 250.54 6.0 0.0199 0.02 T
P8 124.03 5.0 0.017 5 1.45 F4 P22 654.38 6.0 0.0199 0.02 FE
P9 226.90 5.0 0.017 5 1.32 EX:4 P23 687.37 6.0 0.0199 0.03 FH
P10 132.02 5.0 0.017 5 121 EX:4 P24 904.60 6.0 0.0199 0.03 T
P11 163.63 5.0 0.017 5 0 EX:4 P25 294.00 6.0 0.0199 0.03 et
P12 176.41 6.0 0.020 4 0.01 EX:q P26 640.74 6.0 0.0199 0.04 FH
P13 486.67 6.0 0.020 4 0.01 EX:q P27 571.16 6.0 0.0199 0.04 FH
P14 576.67 6.0 0.020 4 0.01 EX:4 P28 489.79 7.0 0.0199 0.02 FH
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Tab. 3 Node parameters
W W EEEE W W EEREE
J1 36.90 P1 J16 -6.31 P15.P16
]2 35.71 P1,P2 17 -3.86 P17
J3 34.90 P2,P3 J18 -6.43 P16,P17,P18
J4 34.90 P3,P4 J19 -6.43 P18,P19
J5 35.71 P5 J20 -6.45 P19,P20
J6 35.37 P5,P6 J21 -6.52 P20,P21
17 34.90 P4,P6,P7 J22 -6.58 P21,P22
J8 33.90 P7,P8 J23 -6.71 P22,P23
J9 32.10 P8,P9 J24 -6.97 P23.P24
J10 29.10 P9,P10 125 -7.31 P24,P25
J11 27.50 P10,P11 J26 -7.42 P25,P26
J12 -6.00 P12 J27 -7.67 P26,P27
J13 -6.02 P12,P13 J28 -7.88 P27.P28
J14 -6.09 P13.,P14 129 -8.00 P28
(HEZK 1)
J15 -6.16 P14,P15
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Fig. 11 Inflow process of each branch pipe under a

rainstorm once in 50 years
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Fig. 12 Variation of dynamic water pressure and total head change in case 1
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Fig. 13 Variation of dynamic water pressure and total head change in case 2
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Fig. 14 Total head distribution of pipeline during peak flood period under two working conditions
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Simulation of Flood Control of Steep Slope Drainage Pipes and Coupling Analysis of Tide
Level Effect
ZHANG Fenghui'?, ZHANG Minxiong’, HUANG Shengdong’, ZHANG Ting"', YANG Dingying*, CHEN Zhifeng*

(1. Fuzhou Water Resources Investment and Construction Group Co., Ltd., Fuzhou 350007, China; 2. Fujian Provincial Investigation,
Design & Research Institute of Water Conservancy & Hydropower Co., Ltd., Fuzhou 350007, China; 3. Fuzhou Minjiang Lower
Reaches Flood Control Engineering Construction Company, Fuzhou 350007, China; 4. College of Civil Engineering, Fuzhou University,
Fuzhou 350116, China)

Abstract: Under the condition of rainstorms, the operation safety of the urban drainage pipe network system is faced with severe
challenges. Especially, under the coupling influence of pipe slope and external tide level of the drainage outlet, backflow are very easy
to occur, which poses a threat to the safety of the pipeline structure and significantly weakens the overall drainage capacity of the city.
To investigate the complex dynamic response mechanism of water flow inside the drainage network, this paper established a
mathematical model based on the one-dimensional Saint Venant equation system. The model could accurately simulate the water flow
process inside the branch pipe network under the combined action of simulated slope and tide level, including the spatiotemporal
variation characteristics of flow rate, flow velocity, and water level. On this basis, based on the actual project of "high water and high
drainage" in Jiangbei urban area of Fuzhou City, a complete hydrodynamic coupling model was constructed to quantitatively analyze
the flood drainage efficiency and operation status of the project system under different tide level conditions and rainfall intensity
combination conditions under the set rainstorm scenario, so as to assess its ability to cope with extreme rainstorm flood risk. The
results show that the numerical model built in this paper successfully reproduces the hydraulic characteristics of open flow and full flow
and the backwater effect of the pipeline in the large-slope hydraulic simulation and slope-based backwater effect of tide coupled
hydraulic simulation, and the simulation results do not show numerical oscillation, indicating that the model can be used to simulate the
internal flow change process of the drainage network under the slope tide level coupling effect. At the same time, the dynamic water
pressure and total head of each main branch junction node decrease along the way under the 50-year return period rainstorm condition
of the above project. Bayi Reservoir can play a safety regulation role during the rainstorm, and the flow velocity and flow in the main
pipe section meet the safety requirements for flood drainage. This study conducts a panoramic simulation diagnosis of the system
through a model, which can accurately identify weak links and redundant capacity in the network, thereby tapping into the potential of
existing facilities. The related results can provide a scientific basis for the planning and design of flood discharge projects and direct
technical reference for the fine management and optimized operation of existing urban flood discharge systems.

Keywords: backwater effect of tide; slope; drainage pipeline network; extreme precipitation event; "high water and high drainage"
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