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Research on hydrodynamic reconstruction of Shabei River Network in Jingzhou
based on joint gate group operation
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Abstract: To reconstruct the hydrodynamics of the Shabei River Network in the Changhu water system of Jingzhou under limited water
diversion, a joint gate group operation method based on gate regulation response characteristics and phased single-objective optimization
was proposed. A one-dimensional hydrodynamic model was established to conduct sensitivity analysis of single-gate regulation, and key
gates and their effective opening ranges were identified. Based on this, a joint gate group operation optimization model was constructed
to systematically analyze and determine the optimal operation scheme. The results indicate that different gates have varying impacts on
the hydrodynamics of different channels; single-gate regulation can hardly achieve coordinated improvement of hydrodynamics in both
main and branch canals. Under the condition of an average daily water diversion flow of 5 m’/s, the optimal operation scheme
increased the flow velocity in stagnant flow zones by over 25%, increased the average flow velocity of the river network by 14. 72%-
22.44% , and maintained the flow velocity above 0. 1 m/s in main canals during the regulation process, effectively reconstructing the
hydrodynamics of the study area and ensuring the water diversion and drainage functions of the river network.

Key words: plain river network ; hydrodynamic reconstruction; joint gate group operation; sensitivity analysis; Shabei River Network
of Jingzhou
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Fig.1 Schematic diagram of river system and hydraulic structures in study area



108 ERCPNE N B 54

F1 FEAHEER
Table 1 Information of key gates

Hi's E4 MR TS8R /m DTSR /m PRl RAR 2 (BT S 2 ) /m
A0 T HER I 1 2 3.5 2.5 25.94
Al s HELE ] 1 3.5 2.5 27.00
A2 VD ALHESE ] 2 3.5 2.5 25.92
A3 rhuCHESE i) 2 5.0 2.5 25.17
B I s HER T 2 1 2.4 2.5 25.01
o EERuL 1 2.3 2.8 25.00
D T 5 i 1 3.0 2.5 27.20

5 e S T R
2 HEETHRE

2.1 KEhAEE

XHIAT R 7K 3l 7 3 R A AL, I ity b 4B TRE R4 X6 7K B 168 S () 5 M, 2 S BT I 7K 3 3 4 S
AR TTHE, 38 A A K AR AT LA Ak K R IR K A7 43 A S, R e S A A
PR Ot AT S A B A
2.1.1 BARA

AR —4E /K B TR 7 ] AT K Bl AUl o A, R R R T — A R 1 I R 4E r R A
FLHGE S RS SR s AR i B HOR A 2 i KA Sk sh T B R B A AR R
2.1.2 HAEs

SR I SR DA A X R HEAKCORE, IE D B HE R RIS HER SO R A 8 AE, B
34 km, DXIEANABE 7 A EIK I, KGR 1 R HEK DIRE , M s e s K Rk R . e B
BB 71, R DA s HE AR L IR R & 7] (5 1) FNVE TR S8 IR 2T AL (G 2) I AR A, DL
WU B A 2 29 5. 3km A GHF 3) il At BRI | R, R PRIERE RIS B 5 I8 BROR B
AR PR BUCR 30 s, MR /K TRAR TG L Pris TG i 1 m,

2.1.3 HHEr

T RE R R K ) TR S H, SRR AL Vb A0 R 1] I i 7K 8l 7 R, 75 6 45 3 RS R E 4T %
FEO DABRARABERUK AT S R RS

1 VDb R T I PR A A 0l i = g B KA W I B ARk, Sk TR ] AR AR | 2024 4F 56—
15 HIFFRE T VAt 7 1 W i 7K G50, 10 19 1) 38 Ao A A % ) DA 80 g v A6 T R 51K, H 345 K i R 8
HIFE 3. 5m’ /s, BN T Wil s (W 1 il e ,50) Mtk 2l 4 b, TR 55 1 32 B U T8 9 It k3 A R 7R I 1 1) 7K
frd e, BA RAFAERME 5 58 ek, AT AR AR 388 B4R

FEFE AR AR A 00 SR FH S I Ao A 3 0 SRR FH SR 7 2o A i 2 R R SR R I
UE, e 2 RIS HER MR VDI HER O HEER | S B S HER 8 SO HELR | BHOBr I8 A S ) R i ks %
435124 0. 035.0. 035 0. 036 .,0. 025 0. 023 .0. 022 .0. 036 .0. 028,

4 AR T 1K LA S S 3 R AR W R (T 2) 45 W7 TR AN, AR DR 152 25 359 48 Tl 7E £ 3% LA DY
AT RCRFRELTE 0. 929 ~0. 973 YW B P, R W T #4 A A BT R 49 ARG B2 508 I, RE RS A R R 2
e R Ry K VT
2.2 iR

AR I e AR R AL PR AR i 5 A SR oK Bl R S IR A S I AR 4, S I 9 SR W 1)
FE T, T K Bl S SR TR S
2.2.1 BA&BHK

AR KRR A 55 R I8 R R R G R R T Re A A T
YIRS A ST — RO A SOOI AR R 5 1 A s bR B, 0 S0 P T A 3 ) 0 2 X ik
BCR 57K Bl 7 AR T IR E



CHRE] MHEAR, G5 LT IRUEER 5 U2 R N U0 AL F il 19K ) ) A IS 109

— BHK AL - SR AL
27.3

272
£
5271
B4
/_ N 27,0
’ 26.9
05-06 0508 05-10 05-12 05-14 05-16 05-06 05-08 05-10 05-12 05-14 05-16
Hib
(a) KIIASHERD S (b) Ele}ﬁFZ%'Jﬂ'J,ﬁ
275
T g 273
& 271
%
26.9
26.7
05-06 05-08 05-10 05-12 05-14 05-16 05-06 0508 05-10 05-12 05-14 05-16
Hib Hib
(c) EhEFAsHEL M 5 (d) VACHERI A

B2 #HEUKMBIEER
Fig.2 Model validation results for water levels
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Fig.3 Flowchart of solving optimization model based on IPSO algorithm
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Fig. 4 Heatmap of flow velocity sensitivity coefficients for each channel under single-gate regulation
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Fig.5 Parallel coordinate plot of response relationship between section compliance rate and key gate openings
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