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Abstract

Aiming at waterlogging risk prevention in high-density coastal cities, this study takes the core area
of North Bund in Shanghai (0.84 km?) as the research object, establishes a drainage system model
based on SWMM, and sets two 2-hour design storm scenarios (10-year and 20-year return periods).
It systematically studies the combined regulation effects of different storage tank activation times
(0~60 min, 6 min interval) and drainage pumping station startup times (60, 75, 90, 105 min), quan-
titatively evaluating the reduction capacity of storage facilities on surface runoff peak and overflow
risk. Results show that storage tank activation time significantly affects stormwater regulation. Un-
der 10-year and 20-year return period storms, the optimal peak flow reduction (21.60% and 15.14%,
respectively) is achieved when activated at 48 min after rainfall onset; the most significant reduc-
tion in overflow nodes (40.68% and 44.78%, respectively) occurs at 30 min and 36 min activation,
with rapid effect attenuation if activated after the rainfall peak. Coordination between pumping sta-
tion startup and storage tank operation is essential: delayed startup at 90 min and 105 min prolongs
effective storage utilization and avoids late-stage flow rebound. A spatial imbalance (“full upstream
tanks, idle downstream tanks”) exists in the storage tank group under unified scheduling, requiring
refined strategies. This study verifies the applicability of the “peak reduction at source-storage in
process-ordered discharge at terminal” mode in high-density urban areas, providing technical sup-
port for optimal scheduling of drainage and waterlogging control systems in similar coastal cities.
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Figure 1. The geographical location and scope of the study area
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Table 1. Effective volume for upgraded storage facilities
#* 1. RAPEEREANER

s T e PRI AHER)
” Tz L2

1 AFLstHh 2.2 17.1 900 150 2100
2 i b 3.3 5.6 330 70 700
3 AFLSEH 18 9.0 450 80 1100
4 A SLLRH 0.3 6.9 350 70 840
5 AFLLHh 1.0 6.3 330 70 770
6 AFeLEH 0.4 4.7 240 60 580
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Figure 2. The service scope of storage facilities
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Figure 3. Overview of the drainage system in the study area
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Figure 4. Schematic diagram of hydraulic connection between storage unit and drainage system
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Figure 5. Short-duration rainfall scenarios with different return periods
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Table 2. Operation rules of storage units and pumps

=2 FEMESRIEEITAN

it BT WEMAE
Jit I Z1 (min) 0, 6, 12, 18, 24, 30, 36, 42, 48, 54, 60
HWE KA 47 0.9H
R IKALE R IOKAL, FLEATFERESY 0.1
JA B Z (min) 60, 75, 90, 105
HEKZE i 2 1K) HRAE K AL AT = B0 R
TR LR 2N KA I PR 2R S A

4. RSV

AW FE AR 5t P I 220 HE KR b R st 2D A &, SRAIMSETT R 1 & R gt b,
BT BRI A R BRI R E K, R HK T QR BEE A, BIER A R BN 1 S0 1 SR
Mg X TE), SRS BT f B AL o SR T2

4.1, FE B REZIRHEK OHEK B B R AR

Kl 6 JEos 1 AN R IR RS 2 228 90 min J3 30 R A BB AN RS F I 26 HEZK DR RE 2 e . AR
PR E IS R, RIABE RS RE A S N Z)(0 min. 6 min. 12 min. 24 min) R KK & #h 2k
BAAFEPRZER . HT R 24 min 2R EHDN, 0min 2 24 min 5 S0 HEKE i 20 A H
G, RUITERERNTHIMT B, T8 & S IR 200506 HE K 1 R = 1) 1 DR P S22 /) o

F34H T 10a —IBA 20a —BE R, WE TS A EMAEBIITLE S FH B HEZK (B R R R0
i3, 1F 10a —i@E s, WEMEREHDK G ERER 17.4279 m3/s BF 2 14.6913 m3fs, HIEZEK
15.70%; 7£ 20a —i@ 155, G 7R 19.2245 m3/s B4 % 17.3017 m¥/s, HlI&ZE A 10.00%. LikskFiE
B, BRI S AT R AR RGNS E KR 77, ek 7 H AR D 6e .

K7, 15870700y 10a —i#. 20a —IEBITREMITE ST, HE WA B HNZHPK OHPKE DR 4.
112 7(a)~(d) A &l 8(a)~(d)PT AL, 7E W WA 2 W WIS 2] 5 i 25 15276 (30 miny 36 min. 42 min. 48 min), W]
A RHIEHEK AR . 4568 4 WTUUEH, 10a —i15 5N _FiRI 2000 R (111622 51 15.65%.
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Figure 6. Outlet flow process under different short-duration design rainfalls
6. AR AHENZITRM THK OHKES 12

Table 3. Outlet peak flow with/without storage units under different short-duration rainfalls
3. TEEAMETER NEELERSEHOKOEEREXTE

I 10a —if 20a —ifl
1 PWER WEG Hll i 2 Sl TERT WE G Il 2 Hil %

W E(m3s)  17.4279 14.6913  2.7366 15.70%  19.2245  17.3017 1.9228 10.00%
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Figure 7. Outlet flow process under different startup times of storage units for 10-year design rainfall
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Figure 8. Outlet flow process under different startup times of storage units for 20-year design rainfall
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Table 4. Peak discharge and peak deduction rate of outlet for different storage unit starting times
F 4. AEBARE B ANZITHOK QB ERE 5HIER

E ] FabR 30 min 36 min 42 min 48 min 54 min 60 min
‘ VB I 2 (m)s) 14.7000 14.5663 14.3185 13.6642 15.1652 17.4118
108 Hi| I 2 (%) 15.65 16.42 17.84 21.60 12.98 0.09
S W {E I & (m3/s) 17.2653 17.1545 16.9633 16.3141 17.8288 19.2106
a1

Hil & 2 (%) 10.19 10.77 11.76 15.14 7.26 0.07
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30 min Ji FHUR & VI R I T S R A RIS AE , N 40.68%; BEE S IS ZIAE 5, HIRFIZHREK, Wik
I} Z1)(48 min) J5 H IS A EE Y 32.20%. 7E 20a —idiif 4, 36 min 5 I BIJRZ i, 1k 44.78%, FYUE
BT JE A HIR R AR FFLE 41%0h bo IXSREH, TEMERT B A& M, oA 808 HEK RGBS
71, MG i A 57 RS o

12 50 12 50
10 © 10 "
S 8 -~ 3 8 -
E 30 % 30 &
w6 ig w6 %F
= 20z 8 20 =
g o4 L)
2 10 2 10
0 0 0 0
05 06 0.7 038 09 10 0.5 06 07 08 0.9 1
FCYIT ] (h) AR 1] (h)
— R e HIE  —— Ml — R — MR —— MR
(a) 10a —ik (b) 20a —i#

Figure 9. Effects of storage unit startup time on node overflow
9. EEME AR SRR A

SR, Bl VR &S B 2B IR, O R 1 OB A A B 255 . 7E 10a —i& 1 5t
54 min 5 FHIS HlJkA SR I% 2 3.39%, 60 min 5 FINAXCN 1.69%; fE 20a —i& 1% 5, 54 min #1160 min i3
FH B (R EE 50 301 2.99% 1 1.49% . SR Ji FH R &5 ith 2 55 35 U 55 018 &5 akie, BETCIEA BUREHEK R4
JE 77, e AGEAA A 37 XU -

DOI: 10.12677/ag.2026.163034 378 HOBREL2E AT


https://doi.org/10.12677/ag.2026.163034

kg 4

4.3. HEKER 5 R B 2R ik O K R AR

10, ¥ 11435004 10a —ids. 20a —i@EIFREME SR, WEILT 48 min J5 R, HEKZEHGTE 60
min. 75min. 90 min. 105 min J& X N HEK DK EE Rt 2. 4 10(a). [E 11(a) T WL, #EZ %5 60
min BEaMERN, BT 48 min J5H AT EIEGT KL E, (HE TR R, &R
B EHK, SEEHOK DR ERL R T, VRN G K, IR REHE . xRH, JdF
JE BN AR 2 S RO B MG K BE IR T R, AT I 55 5 A RLRE

i ] 10(b)« &l 11(b)mI W, 7EZEEG 75 min EahiEs ~, WEMLEH 27 min GRS IFEHK, #
BEMEZE, HKOIGEREWHBEE. (HEEEREEZ), WEMANFKZLHE, HKRE R
TR —/NEE, ZIEE R B HK S R, BUME T RIAERE, HTRFBHK RS S IR F

=
F] o

20

HK B(ms)
s

20

HeK B (m/s)

o

60 120 180 240 0 60 120 180 240
Ff 8] (min) f 8] (min)
— @& —— W& — A& —AER
(a) 60 min (b) 75 min
20 20
15 15
el !
g 10 1 10
% %
kS 3
5 5
0 0
60 120 180 240 60 120 180 240
i 8] (min) Fit 1] Cmin)
— @& — @EE — @& — &R
(c) 90 min (d) 105 min

Figure 10. Outlet flow process under different startup times of drainage pumps for 10-year design rainfall
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Figure 11. Outlet flow process under different startup times of drainage pumps for 20-year design rainfall
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Figure 12. Variation of water depth in storage units under different drainage times for the 20-year design rainfall with activa-
tion at 48 min
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