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Multi-scenario simulation study on flash floods in the Zhaigang River Basin
under the influence of hydraulic engineering
LIU Zixia ', WANG Honggi ', ZOU Yi ', LIU Yang *, LIN Bo >, LIU Ronghua ’

(1. College of Water Conservancy and Civil Engineering, South China Agricultural University, Guangzhou 510642, Guangdong, China;

2. Guangdong Hydropower Planning & Design Institute Co., Ltd. , Guangzhou 510635, Guangdong, China;
3. China Institute of Water Resources and Hydropower Research, Beijing 100038, China)

Abstract; [ Objective | Flash floods are one of the most common and destructive natural disasters globally. With the continuous
intensification of climate change, both the frequency and intensity of flash floods have notably increased. Consequently, the sig-
nificance of flash flood simulation research in the fields of disaster prevention, mitigation, and risk assessment has become in-
creasingly prominent. However, the use of a single hydrological or hydrodynamic model often has limitations in flash floods simu-
lation and frequently overlooks the cumulative effects of hydraulic structures, such as bridges and weirs, on flood progression in
mountainous areas. This oversight can lead to the underestimation of flash floods susceptibility and potential risks. [ Methods ] A
coupled hydrological and hydrodynamic model (CNFF-IFMS) was developed to improve the accuracy and reliability of flash flood
simulations in the Zhaigang River Basin. The coupled model was further employed to quantitatively analyze the flash floods re-
sponse mechanisms of three bridges (i.e. , Bl, B2 and B3) and one weir (W1) located in the river defense sections of the basin
under multiple return period (i.e., 2a, 5a, 10 a, 20 a, 50 a and 100 a). Additionally, flood risk analysis and assessment for
the basin were conducted. [ Results] After the construction of the bridge and weir, the water levels at the cross-sections during
various return periods have all increased compared to the situation without the bridge and weir, exacerbating the risk of overtop-
ping and inducing backwater effects. According to the intensity of the backwater effects, they are ranked from strongest to weakest
as W1, B1, B3, and B2. The velocities at the cross-sections during various return periods have all decreased compared to the
situation without the bridge and weir, but they have generally increased the scouring of the two-dimensional area around the pro-
ject. The flooded area and the range of water depth during various return periods have all increased compared to the situation
without the bridge and weir. The total flooded area increased by 4. 732 km? from the 2-year to the 100-year flood event, an in-
crease of 0. 046 km® compared to the situation without the bridge and weir. [ Conclusion]The result indicated that the coupled
hydrological and hydrodynamic model effectively reflected the basin rainfall-runoff response and its flood propagation mechanism
in mountain gullies, realizing the dynamic evolution of mountain floods in time and space. Moreover, the importance of hydraulic
structures such as bridges and weirs cannot be ignored, as they exacerbate the impacts of flash flood disasters to some extent. It
is crucial to incorporate these structures into basin flash floods simulation studies to reduce uncertainty in the simulation result.
The research can provide technical support and reference for disaster prevention and reduction in the Zhaigang River and other
similar mountainous watersheds.

Keywords : flash floods; coupled hydrology and hydrodynamics; hydraulic structures; flood; risk assessment; climate change;

precipitation; numerical simulation
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Fig. 6  Diagram of river cross-section distribution and two-dimensional mesh subdivision
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Table 4 Water level dynamics under various return periods before and after the construction of the bridges and weir

e 2a Sa 10 a 20 a 50 a 100 a

FFR | JCHRHE | AW | CHEE | APREE | O | AARIE | JOWRM | ARE | CHRE | GERE | CHE | AR
Bl 122.580 | 122.709 | 123.814 | 124.089 | 124.478 | 124.854 | 125.030 | 125.277 | 125.360 | 125.601 | 125.546 | 125.777
B2 111.981 112.018 113.391 113.416 114. 119 114. 151 114. 864 114. 882 115.524 115.570 116.043 | 116.065
W1 108. 987 110. 93 110. 051 111. 640 110. 572 112. 069 110. 976 112.392 111.297 112.714 111.515 | 112.903
B3 100. 049 100. 106 101. 523 101. 547 102. 462 102. 507 103. 103 103. 156 103. 879 103. 942 104.403 | 104. 462
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Fig. 7 Results of calibration and validation under the coupled hydrological and hydrodynamic model
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Fig. 9 Changes in water level at Bl under various return periods before and after the construction of the bridges and weir
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Fig. 10 Changes in water level at W1 under various return periods before and after the construction of the bridges and weir
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Table 5 Changes in inundation area and water depth under various return periods before and after the construction of
the bridges and weir
B ALY km? B
B /a T &
<1 1.0~2.0 2.0~4.0 4.0~6.0 >6.0 A /km?
AR 0.038 0. 040 0. 049 0.019 0.024 0.170
2
AE 0. 044 0. 041 0.051 0. 022 0. 024 0. 182
=90 %:) 0. 432 0.255 0.257 0.078 0. 040 1. 061
5
AE 0. 438 0. 264 0. 260 0. 081 0. 041 1.083
= :959%:) 0. 649 0. 546 0. 617 0.203 0.075 2.089
10
AE 0.651 0. 550 0.628 0.206 0.077 2.113
AT 0.745 0. 591 0. 996 0. 450 0. 147 2.929
20
AE 0.771 0. 605 0.997 0.463 0. 151 2.987
AR AT 0. 866 0.751 1.168 0. 806 0.351 3.941
50
e 0. 868 0.767 1.172 0.816 0. 370 3.994
AT 0.963 0.791 1.382 1.084 0. 636 4.856
100
A E 0.973 0. 800 1. 401 1. 086 0. 654 4.914

o<1, 1.0~2.0, 2.0~4.0, 4.0~6.0, >6.0 HNFEEKEX A, HHiHk m,

26 KFKEBEAR(PHRL) E56%5 2025 FFE5H



NFE, S/ K TRZINTNRRTREILAREZESRNAR

FRAEHSB1
.|
R
4
0051 2
- kM ;j&ﬁggij'
(a) 2 a—if} (b)5a—if} (c) 10 a—if}

0051 2 0051 2 0051 2
- km %ﬁ%ij - km Bﬁﬁ%&j - kM ag'rgij
(d)20 a—jf (e) 50 a—if} () 100 a—i8
LI LN 2 -0.06 0.00~0.02
o IFEN -0.06~-0.04 I 0.02~0.04
A SEUN -0.04~-0.02 I 0.04-0.06
[ witm e -0.02~0.00 Bl >0.06

12 HMERBAIEESERYP THRRMEE (LA m/s)
Fig. 12 Maximum flow velocity difference at various return periods before and after the construction of the bridges and weir( Unit: m/s)
P vk, WA, KSCK B S REA BORS (CNFF-  HbSCEl T R AR TR, SR A vERf b S e 1 i3t
IFMS) 55 5e SR S A, BEBElE KDL Yt AL, 4 MR 7 1Lt

KFIKEBHER(FH) $£56%5 2025 FH5 H 27



WFE, S/ K TRENTRRRTRELAREZIEARNAR

WK GY/m
<10
B 1.0~2.0
B 2.0~4.0
B 4.0~6.0
Bl 60

(d) 20 a—i8

(e) 50 a—j#}

WK G/m
<10
I 1.0~2.0
B 2.0-4.0
I 4.0~6.0
6.0

WK IR /m HBEKG/m

<10 <1.0
I 1.0~2.0 B 1.0~20
B 2.0~4.0 N 2.0-4.0
B 4.0~6.0 B 4.0~6.0
Bl 60 B 60

(f) 100 a—38

13 FHEEBEREINH THIBKER

Fig. 13 Flood inundation maps under various return periods after the construction of the bridges and weir
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