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Two dimensi onal hydrodynamic model and its application of levee breach flood
YUAN Ximin, TIAN Fu chang, FENG Guo na, WANG Lr na

(State K ey Laboratory of Hydraulic Engineering Simul ation and Saf ety, Tianjin University, Tianjin 300072, China)

Abstract: In order to reduce the significant loss of life and property caused by levee breach flood and to im prove the nom projec

tive measures in flood control and disaster prevention, a two- dimensional hydrodynamic model was developed to simulate levee

breach flood accurately. Dyke broadening w as taken into account, local model grids were refined, and the model was optimized w

sing the hot start, dry water depth, and wet water depth theory. In this paper, the model w as applied to simulate the levee breach

flood routing in the southern irrigated area of Inner Mongolia section of the Yellow River. T he actual dike burst data in Kuisu

reach of the Yellow River were used to verify the model. The results showed that the flow field is smooth and welt distribut ed,

which indicated that the research results are reasonable and reliable. The model was also applied to simulate the working condrt

tions that two dike burst occurred at Shagedu engineering and Kuisu reach respectively. Flood risk maps were plotted, w hich can

provide important technical support for the flood control risk management and decision in the area.

Key words: levee breach flood; two- dimensional hydrodynamic model; dyke broadening; dry water depth; wet water depth; hot

start; Inner Mongolia section of Yellow River; flood risk map
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Fig. 1 Cross section of dyke
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Fig.2 Model domain and distribution of dy ke breaches
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Tab.1 Relationship between water depth comparison

and momentum calculation
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Fig. 3 Inflow boundary conditions
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Fig.4 Variation of entrance broadening
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Fig.5 Flooded areaunder different tim es
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Fig. 6 Flood routing process
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Tab.2 Variation of flooded area with time
I I/ b HEB Y km? I/ h HEBEIBY km?

6 23.34 12 38.48
18 52.79 24 64. 46
30 75.17 36 83.04
42 90. 50 48 97.3
54 104. 26 60 112.01
66 119.29 72 124.03
78 127.21 84 130. 96
90 132.35 96 133.51
102 134.45 108 135.1
114 135. 64 120 135.94
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Fig.7 Flood risk maps

ASTONS B P9 5% B R T DI T K Bl IR,
FRE T W R s AR AL e, IF N PR 3h AT i KRB
R BEREAT T Ak, fR Ba TR BUBE UK 18 Koas AT R e Tk
HIHI SR 7R 22 Jr iy A A 0 22 3R B 2008 48 Iy S 7K W B R AT
TR, USSR [y s BUBC Wit o D, N BT A
RIYPYash TREARSR Bt 2230 BURON AN A 2R 35t 31 DL R I
PO RE R FEREAT T AR5, JFAR AR 755 45 AL 3R ORI Y 1K)

AR AF L, 2] T RS 8 ot K RUBS: &1L £, T AH
SR TIEE 23 1 5 3t e B B e 2k K dE B BT %6 B N
S %

WA I T T TR K X ik K AL, B
EEE B8 v ELETH AL A IR T 4t 1 R 2 SR, {H e TR A5
FIAE 7K i (0 52 2% AR AR 2, B2 LSz BN 0320 I A 5t
FIAE MK AE e, (AN REASCE I B A . PRI,
VLI T B0 RE % 3 AL UF SRS P SR R D0 T, X IE A
YT 1V DI G 1 YRR B IR, [ I A ALk K AE ]
TE 5 RE DX T R A e R R FCAE E DX N R 00

(References) :

[ 1] E Blade, M Gomez Valentin, J Dolz, et al. Integration of 1D and
2D finite volume schemes for computations of water flow in
natural channels[J]. Advances in Water Resources, 2012, 42:
17-29.

[2] M Morales Hern ndez, P Garc & Navarro,] Burguete, et al. A
conservative strategy to couple 1D and 2D models for shallow
water flow simulation[ J]. Computers & Fluids, 2013, 81: 26 44.

[3] Pascal Finaud Guyot, Carole Delenne, Vincent Guinot, et al. 1D
— 2D coupling for river flow modeling [ J]. Comptes Rendus
M ecanique, 2011, 339: 226-234.

[ 4 JieYin,Dapeng Yu, Zhane Yin, et al. Multiple scenario analyses
of Huangpu River flooding using a 1D/ 2D coupled flood inurr
dation model[ J]. Nat Hazards, 2013, 66: 57F 589.

[5] Masih Zolghadr, M Reza Hashemi, E Zia Hosseinipour. M odek
ing of flood wave propagation through levee breach using
M IKE21, a case study in Helleh River, Iran[ A]. World Envr
ronmental and Water Resources Congress|[ C]. 2010: 2683
2693.

[6] Xin Rao, Lin Li, Farshad Amini, et al. Num erical study of com
bined wave and surge overtopping over RCC strengthened levee
systems using the smoothed particle hydrodynamics method
[J]. Ocean Engineering, 2012, 54: 10} 109.

[7] Vacondio R, Rogers B D, Stansby P K, et al. SPH modeling of
shallow flow with open boundaries for practical flood simula
tion[ J]. Journal of Hydraulic Engineering, 2012, 138: 530 541.

[8]  ZRmy, AR, R, BRI Uk — = R O 1 %
HAE e A W T R . T B ERR AL, 2010, 12(3)
82-88. (LI Daming, LIN Yi, ZHOU Zhthua. Research on 1D
and 2D numerical simulation of flood routing and its application
of combined regulation in detention basin[ J]. Chinese Engr
neering Science, 2010, 12(3) : 82 88. (in Chinese) )

[9] SR, 21, WRAER, 5. R UK —4E .= 4ii G k3l )
RS R B [T ). 7K g R HL AR, 2010, 29 (1 2): 149154
(ZHANG Da wei, LI Darr xun, CHEN Zhicong, et al. Coupled
one and two dimensional hydrodynamic models for levee breach
flood and its application| J]. Journal of Hydroelectric Engineer
ing, 2010, 29(2) : 149 154. (in C hinese))

[10] 5 RaBE, 204 B, M. SEm Bhas R A B8 e ARk R XU
RN R T]. K FIKE TR SR, 2013(5): 32-38. (FU
Cheng-wei, YUAN Ximin, YANG Min. A realtime dynamic
coupling model for flood routing and its application to flood

risk charting[ J]. Hydro science and Engineering, 2013(5) : 32

KL KEIR < 229



F13% 85 77 - AAAHEE KA FHL - 20155 4 A

[11]

[12]

[14]

[15]

[16]

[17]

[ 18]

38. (in Chinese))

HH LT RS I TE I3 5 3R ) — R 15 U SRR U D]
JKFIZKIE T RE244), 2007(5) : 49-54. (QU Hong ling. Num ert
cal simulation for coupling of one dimensional river and two
dimensional dikebreak waves[ J]. Hydro science and Engr
neering, 2007(5) : 49-54. (in Chinese))

SRR, JEFE R, B, BT MIKE21 FM ARSI & kX it
AR R AL T] . K HL BB BRE 22, 2013, 31(5): 3437,
(GUO Feng qing, QU Harfei, ZENG Hui, et al. Flood row
ting num erical simulation of flood storage areabased on M IKE
21 FM model[ J]. Water Resources and Power, 2013, 31(5):
34-37. (in Chinese))

Dhondia J F, Stelling G S. Application of one dimensionaktwo
dimensional integrated hydraulic model for flood simulation
and damage assessment[ A ]. Proceedings of the 5th Interna
tional Conference on Hydroinformatics[ C]. Cardiff, 2002: 265
276.

Dushmanta D, Jahangir A, Kazuo U, et al. A two dimensional
hydrodynamic model for flood inundation simulation: a case
study in the lower M ekong river basin[ J]. Hydrological Pro-
gresses, 2007, 21: 1223 1237.

KK . SR Pk PR 2 R K W I D . BS54
K2, 2008. (ZHANG Da wei. Research on numerical model of
levee breach and dam break water flow and its application
[ D]. Bejing: T sing hua University, 2008. (in Chinese))

T ¥ . 7 T8 5 Wi e AURR 16 1K) 7K 0 B LR IR E 53T D . 7
5 HE K24, 2004, (LIU Liling. Study of hydraulic num ert
cal simulation for coupling river and gradual dike break[ D].
Nanjing: Hohai University, 2004. (in Chinese))

JOR, BRE, ZE RN, — | kit K kB AR A X R
FALT]. H b KR K H 2448 2 4], 2009, 30( 4): 12-15. ( FAN
Yu, CHEN Jian, LI Da ming. Application of flood wave ad
vance numeric modeling of one dimension and two dimensions
in flood detention area[ J]. Journal of North China Institute of
Water Conservancy and Hydroelectric Power, 2009, 30(4) : 12
15. (in Chinese))

KB, BESCAR, WA, 4. 4 oK SO B AR UK A Bed

230 « KXKER

[19]

[20]

[21]

[22]

[24]

PRI L] . DY R 222 i R Wiz, 2006, 38( 1) :
20-25.( ZHANG Xirhua, LONG Werfei, XIE He ping, et
al. Num erical simulation of flood inundation processes by 2D
shallow water equations[ J]. Journal of Sichuan U niversity:
Engineering Science Edition, 2006, 38 ( 1): 26:25. (in Chr
nese) )

R 9 BT S 3 0 2 3 B R P il 5 A 4 ) (k
ﬁT) fff %[ Z] . 2013. ( Office of State Flood Control and Drought
Relief H eadquarters. Flood risk mapping technical rules (trr
al) appendix[Z].2013. (in Chinese))

R F T — Y L 2K 7 2R U SRR AR KU 23 BT
WESY[ D). K KK 24, 2012, (LIU Hai jiao. Research on
flood risk analysis based on one dimensional and two dimer
sional hydraulic coupling calculation Model[ D]. Tianjin: Tiamr
jin University, 2012. (in Chinese))

WG, A SE . 2007- 2008 SF T SR B TR BRI XTI
BRI K% T R4 4R, 2011, 2(4): 3742. (LEI Ming, GAO
Zhr ding. Ice floods occurred in the Ningmeng section of
Yellow River in 20072008[ J]. Journal of Engineering of Her
longjiang University, 2011, 2(4): 3742. (in Chinese))

J3 L, AR, PRSI, AL S A S AR I S R A R B
EUABR IR B3 AT ). PRIV L #4], 2009, 36(1): 3F
33. (FANG Li, FENG Xiang ming, YAN Bacwen, et al. Analk
ysison ice flood damaged dike from the location of the inner
M on golia Hangjinqi Duguitalakuisu region of the Yellow River
[J].Journal of Heilongjiang Hydraulic Engineering, 2009, 36
(1):31-33. (in Chinese))

gl T S P9 520k b B E Bt e 1 S [N L [ KR
#X, 20080325 (001). ( LI Jiarr guo. Dyke breach plugged up
at the inner Mongolia Hangjingi reach of the Yellow River
[N]. China Water Resources News, 2008-0325 ( 001). (in
Chinese))

SZERA, SOV BT N S A AR AR Bt e 1 D B
[ N]. %3 4§, 200803 25 (001). ( PNEG Xuding, HUANG
Feng. Dyke breach plugged up successfully at the inner Mo
golia H angjinqi Kuisu reach of Yellow River[ N]. Yellow River
News, 2008 03-25 (001). (in Chinese))



