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Study on backwater effect of runoff in lower reaches of the Ganjiang River based on hydrological and
hydrodynamic coupling simulation//Zong Siyuan', Xu Dong'?, Li Binquan', Zhang Liang’, Meng Rui’, Xiao Yang®,
Ran Qihua'? (1. Key Laboratory of Hydrologic-Cycle and Hydrodynamic-System of Minisiry of Water Resources, Hohai
University; 2. College of Water Conservancy and Hydropower Engineering, Hohai University; 3. Jiangxi Ganfu Tail-reach
Regulation Co. , Lid. ; 4. School of Environmental Science and Engineering, Suzhou University of Science and Technology)
Abstract: To reveal the spatiotemporal evolution patterns and influencing factors of backwater effect of runoff in the lower
reaches of the Ganjiang River, a hydrological runoff model suitable for plain river network areas was constructed and
spatiotemporally coupled with a self-developed two-dimensional hydrodynamic model. The coupled hydrological-
hydrodynamic model was adopted to simulate the backwater effect in the lower reaches of the Ganjiang River. Based on the
simulation results, a water level difference prediction model was further established through multivariate regression analysis.
The results show that the backwater effect in the lower reaches of the Ganjiang River is closely related to the discharge at
Waizhou Station. During low-flow periods, the backwater in the north branch elevates the water level at Nanchang Station,
while when the discharge increases, the spiral flow in the main branch propagates downstream, generating a backwater
effect between Changyi and Nanchang stations. When the discharge exceeds the critical threshold of 513 m®/s, the water
level of Poyang Lake is higher than that of the lower reaches of the Ganjiang River, initiating a backwater effect from the
lake onto the river. When the discharge further increases to 3211 m’/s, the backwater effect dissipates, and the flow
diversion between the East River and West River tends to stabilize. The rainfall-induced runoff influences the evolutionary
process of the generation and recession of the backwater effect, with a retardation effect ranging from 12% to 19%. After
incorporating a correction term of rainfall-induced runoff, the precision of the water level difference prediction model is
improved.

Key words: runoff backwater; water level difference; coupled hydrological-hydrodynamic model; multiple regression

analysis; lower reaches of the Ganjiang River
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Table 1 Simulation results of Xinanjiang model for

storm flood events
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3 ERESW
3.1 THRiEE

218 1997—2020 4FEAL S 2 (AR 0k UL I
SRR 772 2237 13547 m’/s) 3 Fh S ik K o 7R
(& 6) AR it R 20 1 25 TR R0 4 7 I 53 A o (e

KR P43 90 333 .600 m’/s) it 2 A, 3k
T 6 BT, W3R 2, SR FHAMIN G I i 301 5 5%
HEATE AT B T A5 7K Sl Wl g 7K A7 sk
TR B Ry Xof o7 st 309 %) K A7 s 3 2% 1, 3 3 7K SO AR
READ AR B DX TR = 9, 356 B 2012—2020 4 S0 45 22
A 5 W RT1E J7 )  [  AR  e  T 1G ,
VR 7K SCRE A A A 43 390 A Xt 7 ) IXC [ 7= 3 el
(K7),

140001 _ -k Py
120001 ~ AN
> PRI #
2 10000} d
~— & %
5 8000} /
"‘E /I \\
= 6000 / Y
Z 4000t B
7
2000F ’
0 5 10 15 20 25 30
M fl/d
6 AN[ERTEAME KT AR i 2%
Fig. 6 Flood hydrographs for different periods
x2 IREE B4 m’/s
Table 2 Case settings unit; m*/s
RA SN P e o KRR 7= i i
1 772 333
2 772 600
3 2237 333
4 2237 600
5 13547 333
6 13547 600
600 1
500 — JE DR R R
~ e ]
F 400]
18 300t i
= 200) | |
£ i i i : |
1or . M k REEEE
Y NN SN T
0 7 _ 14 21
M)/

7 FEERTESRE
Fig.7 Runoff discharge for different rainfall processes
3.2 RRTVFEARZESHEFE
I RFERT 20 324 333 m*/s A1 600 m™/s
I, 35V 1B 1 DX B 7 22 S ARV N R I [ R 22 5
X BT IHEAG S BN, 325 R S A Y il g
i,
WTE 8 Bz  TEAR KR AR R (oL 1.2),
T 5 B R ) A AR SRR, B SZITIE HY
8 T A S S S B = S =< = 1 PR 1
I3E i A S ) b A 3, S 20 B vl K A2 T, X
ol A AR T BB SR Hh I ST 1 A 2 O 3 e A1 =)y
- 155 -



W RARTE  ERHRR B AF T K SIS
or WL/ (/)
1.000
0.875

w66 . . .
7.5 8.0 8.59.09.510.5 18 19 20 21
x/km x/km

(a) HIE (b) FHuk
8 HKHIBIREAEARRS

Fig.8 Flow field in representative river reaches of lower

reaches of the Ganjiang River during low-flow period

WE 9 frw, fEF KB & &4 T (T8 3,

4) KB S E K B E AR AL, 32 S T 4G R

LY TR TIES Ve < 1 P a5 o s | o W 5

(BT 35% FIEZE 22% . T TRAEMER], 3252 1A
WA P R K Sk ) R 80 B ok BT T

561 I i 79

55¢F

54+

E 53+

= 5l

51

50

78

y/km

77

7 IS ‘9 1‘0 7261.0 21‘.5 22‘.0 Zi.S 23:.0
x/km x/km
(a) M B (b) vk
B9 FREETIREESRRIRG
Fig.9 Flow field in representative river reaches of lower
reaches of the Ganjiang River during normal-flow period

R 10 Fros , fE K B AR (0L 5,
6) , TR A 2 B THTE A I S 4, eIk AR Tm) 7Y
TR ORI AR E . AT AR M, 24 A0 st of It i A
NI AU S ER T KA T BH KA 7 A A 3 T
B, 1M 3 3NS5 B S YH il 7 15 R A SO
PR DL, 32 SORBLARTHS BH MK AL, AR 3252
THFG 2 5l 3 AUk O AR 14 A, AN 1 L
PRI IR G, AT PU ] 23 iAo

T R B TG R AR 1l S AR, 5 SOK AL
22 () A B R WEKAL 225 B KALRY LR, JF R
r, FAETHTRREE ST IR 26l T A o0 [a] i 207K
fr 22 bR E ORI (B 1), Bos i i s 1 THE
Je B SR A B, H i ORI 3R B B I
TRFCAMIN , EESE S PR IR TRFE L4 s 21 A HUS Fom Fb
AINDTE S o R RN i b o 7 S e O P B D
R T 513 m’/s I, JF 6 AR T TG 4R, 1124
SIS ARSI ZE 3211 m’/s I, TRAG B G JE

- 156 -

E 10 FXEFIEERESMRG
Fig. 10 Flow field at Nanchang Station on lower reaches

of the Ganjiang River during high-flow period
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Fig. 13 Impact of precipitation on backwater effect during normal-flow period
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Table 3 Results of multivariate correlation analysis
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Table 4 Multivariate nonlinear regression results without

consideration of rainfall intensity
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Table 5 Multivariate nonlinear regression results

considering rainfall intensity
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