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distribution in the river section of the Ganjiang River estuary. To address these, the optimization of flow diversion ratios after the
impoundment operation of the Nanchang Hydraulic Hub is quantitatively analyzed, thereby improving the uneven hydrodynamic
distribution in the river section of the estuary. [ Methods ] Based on hydrodynamic numerical simulation, a two-dimensional
hydrodynamic model of the river section of Ganjiang River estuary was established. The hydrodynamic response characteristics
were simulated under four operating conditions of historical flow diversion ratios from 1983 to 2018 when the hub impoundment
raised the water level at Waizhou station to 15.5 m. The flow velocity variation patterns in each channel were analyzed.
Combining navigation requirements, ecological flow demands, flow velocity requirements, and the flow capacity of each branch in
the river section of the estuary, multi-objective constraints for water allocation were defined. The Max-Min criterion
('maximization of minimum velocity method ) was applied to optimize the flow diversion ratios. [ Results]The result showed that
after the hub impoundment, when the flow at Waizhou station was less than or equal to 2 000 m*/s, the water level difference
between Waizhou and the downstream gates of each branch remained within 0.5 m, with smaller differences observed at lower
flow rates. Under the optimized flow diversion ratio scheme, when the flow rate at Waizhou station was 500 m*/s, the minimum
flow velocity in each branch increased by over 18. 9% compared to the four historical flow diversion schemes. At 1000 m*/s, the
lower limit of flow velocity increased by more than 12.3%. At 2 000 m’/s, the lower limit of flow velocity in each branch
increased by more than 15. 4%, maintaining velocities within the range of 0. 16 to 0. 19 m/s and avoiding extreme flow velocity
differences caused by other flow diversion ratio schemes. When the flow reached 4 000 m’/s, the upper limit of flow velocity
reduced, keeping the velocities of all branches below 0. 46 m/s, thereby alleviating the scouring of riverbeds caused by high flow
velocity compared to other schemes. [ Conclusion | Flow regulation via the Nanchang Hub effectively improves the uneven
hydrodynamic characteristics among the branches. While meeting the basic ecological and navigation requirements of each
branch, this regulation raises the lower limit of flow velocity, controls the upper limit, and addresses the issue of seasonal flow
interruptions in the branches, thereby providing a decision-making basis for multi-objective coordinated water resource
scheduling.

Keywords: Ganjiang River estuary; numerical simulation; multi-level branched channels; multi-objective optimization;

hydrodynamics; Poyang Lake
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Branched channels in Ganjiang River estuary and layout of Nanchang Hydraulic Hub
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Table 1 Model validation results
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Table 2 Diversion of branches in different years at

water level of 15.5 m at Waizhou station

WA | S i /m’ - s | F32/% | A6/ % | F/% | m%/%
1983 1 350 37.0 9.7 29.5 23.8
1998 2 340 43.0 18.5 20.5 18.0
2013 4 290 65.0 5.0 20.0 10.0
2018 4 360 60.0 4.0 24.0 11.0
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Table 3  Experimental design conditions
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9 2 000 I 37.0 9.7 29.5 23.8
10 2 000 | 43.0 18.5 20.5 18.0
11 2 000 I 65.0 5.0 20.0 10.0
12 2 000 v 60.0 4.0 24.0 11.0
13 4 000 I 37.0 9.7 29.5 23.8
14 4 000 | 43.0 18.5 20.5 18.0
15 4 000 I 65.0 5.0 20.0 10.0
16 4 000 v 60.0 4.0 24.0 11.0
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Table 4  Distribution of flow velocity and gradient before hub regulation

i g | SR TR BACCORED) Wit /m -5 B ILRE/10°
mowlest A W [ A B [ %o | W B | E x| k% | b % | M %
2019-11-01 9.80 501 0. 067 0. 447 — — 1.202 — — —
2019-09-09 12.20 1 080 0. 105 0. 663 0.015 0. 021 1.503 — 0. 021 0.024
2019-01-15 13.24 1 980 0.171 0.907 0.283 0. 080 2.612 0. 143 0. 705 0.176
2019-02-22 14. 81 3830 0.283 1. 140 0.703 0.139 3.271 0.324 2.191 0.588

IRFIEBRA (3

)
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Fig. 4 Relationship between water level at Waizhou station and branch flow rate under natural conditions
x5 REFFNBZLETHRNAEE m’/s
Table 5 Minimum flow rate under flow duration curve method m’/s
RS 1 A 2 A 3 A 8 A 9 H 10 A 1 A 12 H
it e I 2k i 387 491. 1 722.9 787.9 694 550 477.9 382.8
Tennant 295 390 724 571 473 345 345 297
S/ N 387 491. 1 724 787.9 694 550 477.9 382.8
K6 BENIHRNESHRE m’/s
Table 6 Minimum ecological flow rate of different branch levels m’/s
gy X 1 A 2 A 3 A 8 A 9 A 10 A 1 A 12 A
b 387.0 491. 1 724.0 787.9 694. 0 550.0 477.9 382.8
+ ¥ 190. 8 242.1 356.9 388.4 342. 1 271.2 235.6 188.7
i = 13.5 17.2 25.3 27.6 24.3 19.3 16.7 13.4
X 93.3 118.6 174.5 189.9 167.3 132. 6 115.2 92.3
MoX 70. 1 88.9 131. 1 142.6 125.6 99.6 86.4 69.3
3 ERENR SRS PR A G SN 7 ey, w2 7 al LA
b SR AR o . ~
B ARSI /N FAET 2 000 m’/s B, ARIHIKAL S
3.1 WABKFHAS AT B W RTRKOAYOREFAE 15.5 m 2 F, ANNKD S5 4%
3.1.1 Kiadik MFTRIK AL IS ZETE 0.5 m LN, HLAMM BN

M EKFRAE KGR pE R
A, TERXALE KR 15.5m )5, *E?EIKEAI/R#

IRFKEBBA (FEEL)
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Table 7 Water level variations after hub impoundment

325 EL 3 -1 By (SN 7J(ﬂ£/m
Hit/m - s ARG W XM e T L
1 15.50 15.50 15.50 15. 49 15. 48
500 1 15.51 15.49 15. 49 15. 49 15. 49
1111 15.51 15.49 15. 49 15. 49 15. 49
v 15. 51 15.49 15.50 15.50 15.50
1 15.51 15. 49 15. 50 15.48 15. 41
1 000 1 15.51 15.48 15.49 15. 49 15. 45
1 15.51 15. 46 15. 49 15.50 15.49
v 15.51 15. 47 15.50 15. 49 15. 49
1 15.55 15.48 15.50 15. 41 15. 10
1 15. 54 15.42 15. 46 15. 47 15. 30
2 000
1111 15. 54 15.34 15. 44 15.48 15.46
v 15.55 15.38 15. 46 15. 46 15.45
1 15. 82 15. 50 15.62 15. 26 13.52
1 15. 87 15.40 15. 54 15.58 14.73
4 000
11 15.85 15. 04 15. 46 15. 60 15. 54
\% 15. 85 15. 19 15.52 15.51 15. 48

14,73 m, X2 TAEZ TR 5203 i 9
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£ 006
0.03
1 " 1 " 1 " 1
0 10 20 30 40 50
1 B /km
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2
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Fig. 5 Longitudinal variation of flow velocity along each branch under flow rate of 500 m’/s at Waizhou station
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Fig. 6 Longitudinal variation of flow velocity along each branch under flow rate of 1 000 m’/s at Waizhou station
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Fig. 7 Longitudinal variation of flow velocity along each branch under flow rate of 2 000 m’/s at Waizhou station
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Fig. 8 Longitudinal variation of flow velocity along each branch under flow rate of 4 000 m’/s at Waizhou station
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Fig. 10  Relationship between flow rate at Waizhou

station and optimal diversion ratio of each branch
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Fig. 11 Relationship between flow rate at Waizhou

station and flow velocity of each branch after optimization
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Table 8 Optimized diversion ratio under typical operating conditions

Fx8 HBETRTHMRULITL

PARIRiTN =4 % KT % o iER/m® s
m> - 57! + e h 3] + e 2l 3]
500 39 13 29 20 246.5 49.5 113.5 90.5
1 000 41 12 29 18 408 123 287 182
2 000 42 12 28 17 843 243 567 347
4 000 48 8 35 10 1 900 300 1 400 400

3.3 MHERAIIMIE

BEXT 3.2 i i et oy b, IR K 3 T AR
RO HACR S TR IE . 38 8 I T ZE AR >
500 m*/s. 1 000 m*/s. 2 000 m*/s. 4 000 m’/s W11
i e A R, 5 1983 4R 1998 4| 2013
4 2018 AEAMM KA N 15.5 m B4R be 64T % L,
RIRUEA AR

Bl 12 JBIR T AN R AFAR 43 b 45 43 ST 38 1 R
HEFE oA, AEANTLE <2 000 m’/s B, {4k T
{0A4% S R AIE I T S I P s R A R BRI
HRTE T 25 M IR, BRI, MMM
500 m*/s B, A4 T80 45 2 3 3 {5 35 0.041 ~
0.049 m/s, AH LA AR 00 F T PR 9t 3 e =1 11 1983 4F
T, R RIS T 18, 9%, X TAZKIY
TR IENA TRKMGE; 761000 m’/s THT,
DA T8 38 0 A5 Y0 L5 T 0. 083 ~0.093 m/s, AHEL
BAEEALIR) 1983 4F T-HLHY T TER 0.075~0. 12 m/s,
A T RAESE & T 12.3% LA L 7E 2 000
m’/s TR i ETE R 0. 16~0. 19 m/s, Xf 4%
ORI T PRIETE T 18.9% LA |, [ A 5 B 0
WA TR SC Wi, M 0.25 m/s FEIKZE 0. 18 m/s,
TR 43 S W R AR AR TE 0.1 ~0.2 m/s BB AL IR
MBI, on O PR . ZESN N
4 000 m*/s B, PEHS RSS2 50 IR IR 15.5 m
IR RE ) BB, 2 A i & el 3 S A SR
H, FEEM IO, 25 S0 B R i PR i 7E
0.5m/s IR, ¥IEF H A e 05 Rk, 76
MRS, 2R R g K Y,
XFFHRRIE I BRAREAR, T AT 008U %] R e
il 5

LSS A0 T s B A5 SR i 13 R, TRL&R
IR SR A v P DX A A A SR M 2 4 TN X JR]
F . PSR TR TSI, R X A
BEWLK ) S B, &S T A i 5], O
KBRS AE AR, 25 BRTR, T ey
AR R B K ) ) 28 MR S P L, AR

144

S AT DA R = A S R PR A R D A AT LA
REAT D0 o o o X Y 3 Rl P 2], AR R B B 1Y
PR .
3.4 #HRite
3.4.1 AFEF EIT AT

VLR (B X5 5 0L 0y~ ST ) £ 53 5 T
N TREARPYRRIE AN R, A AR ROR, U
A ESERE L e AR R, BT A YK B )
PR A A (AU DU K ) | 4E S s,
PS8 0 ST T O v, dndR Y | R
S ) A N A SO Y VTR A Bk B g
TEAR G EE ik, — o2 JLAMEE T8, 7
FrARFEE 7R, B Rt IrAEk,
TR 230 R FH A 22 I 2% i ML g o > 419 )y ik
HATKB 1R EE . XS T vk AR By — e ik g
77, ABARAE T A — 4R R AR A B 2R M S L Y
S S 7 O i e 1) & WA v L ] 1 =S = 7 St o
MELMRERY < RBAET IEWIAT S, BEAR T S BRI H]
Ry R E SR e, HEZ T, AR T R
J7 IR B4 BT R B K TR IE . AR AL &K 5 1
THF, PR E RS KA R R, #1545
TWRAE 15.5 m R M, Wl S5z 2
IEAMICR TR, ARSCRHZMER 7244
s HARPREL, FETUAS R A 5 R S AR
TR SR b, A& SO, BTk 3 et
o FNZMERRI 45 T 1, TEBR VLR 18] 3 — R ok DX I
PRI R | AT R RIS i i DB, XKk AR
o/ RN A R 3 Sl A — g aE Y, 3
W tl, AR —E R, R
FERIRUMBR I B S R AR N O R, SRk 3l
Tyt A R 2 R LM R E AT RDRS B T BEFRAIC
3.4.2 BRI EHHF R AT

AER B B KRR LR ) i 0t s T2 BT B Y
IRSCHE R A T R, A S SE BUR A S 4R
T EEMNSH R, 20830 X TR 18] 45T B
TRIAZ RIS R, 63, SRR ST R ey

KFKEBEAR(PHRL) $E56%5 2025 FFE8H



B os3sE Ty [ 19984 Ty [ 20134E T3
- 20184 T [ Ak T

0.06

B3 BT /m s
g

* It o [i:]
BHLRE R
(a) 500 m?/s

0.4
B os3sET [ 19984 Tyt I 20134E T35

- o184y I A Tt
03}

B3 B /mes !

+* It f 2]
BILR R
()2 000 m¥/s

12 SMHRERLEREAR LB TR THEZREX L

Fig. 12 Comparison between optimization results and flow rates of different branches under different typical operating conditions
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Fig. 13 Spatial distribution of flow velocity under optimization results of Waizhou Station
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