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Research on the optimization scheduling of Sanmenxia Reservoir to enhance subsequent driving
force for pre-flood water diversion and sediment flushing at Xiaolangdi Reservoir

Zhang Wei', Li Yangguang', Shi Zhanpeng', Wang Jiangyu' &Chen Zhejun'
(State Key Laboratory of Water Resources Engineering and Management, Wuhan University, Wuhan 430072, PR.China)

Abstract: The Yellow River Protection Law underscores the improvement of the river’s water—sediment regulation system and the
enhancement of its sediment transport capacity. The pre-flood water—sediment regulation period is a critical phase for the Xiaolangdi
Reservoir to restore storage capacity through large-scale sediment discharge, during which optimized operation of the Sanmenxia
Reservoir can effectively provide follow-up hydraulic power. Although reservoir operation research has evolved from single-objective to
multi-objective collaborative optimization, and sediment transport modeling has progressed toward diverse data-driven methods, studies
focusing specifically on pre-flood water—sediment regulation remain limited. Existing research lacks accurate methods for estimating
sediment discharge from the Sanmenxia Reservoir during this period, and few studies consider the coordination between hydropower
generation and sediment transport efficiency while enhancing downstream hydrodynamic conditions. This study takes the Sanmenxia
Reservoir as its research focus. Based on daily water and sediment series (2003—2023) from the Tongguan and Sanmenxia hydrological
stations, an XGBoost sediment discharge prediction model integrated with an attention mechanism is developed. Furthermore, a multi-
objective optimal operation model for the Sanmenxia Reservoir is established by coupling an improved NSGA-II algorithm. The Analytic
Hierarchy Process—Entropy Weight combination method and the VIKOR technique are employed to achieve multi-dimensional
optimization and selection of operation schemes under varying inflow and sediment conditions. Results indicate that the proposed sediment
discharge prediction model achieves high accuracy, with a coefficient of determination (R?) of 0.987 on the validation set, and shows

strong agreement between predicted and observed values, meeting the computational requirements for reservoir sediment discharge. The
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developed multi-objective optimization model outperforms actual operation during the typical late-June to early-July period, increasing
the number of days with discharge rates exceeding 2,600 m*/s, significantly raising the average daily outflow during gate-opening periods,
and effectively mitigating the issue of insufficient downstream hydraulic power at the Xiaolangdi Reservoir before the flood season.

Keywords: Sanmenxia Reservoir; multi-objective optimal dispatching; pre-flood water and sand transfer; NSGA-II algorithm; machine

learning
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Fig.1 Relationship between the sediment discharge rate at the reservoir outlet, the outflow rate and the lowest
water level in front of the dam during the "sixth month down and seventh month up" period
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Fig.2 Comparison Chart of Outflow Sediment Discharge Prediction Results

SRR, W TRV RS, SRR TN RCR S, (X T iy 257, BATRNME 5 SEl(E A7
B MRZE . BARKE, IGERFE4NHRZE (MAE) N 3.54kgls, %17 iR2 (RMSE) iy 8.25 kg/s;
ML) MAE & 6.39kg/s, RMSE & 18.15kgls, fmifivb# (>300 kgls) X BTl 2 e KA E L 20%,
HLH I BAE AN S EEA AL 5%, o R ARV B 3 R RAG TR BE S5 SR A A IR . X b 22 S i AL T
IR PEHEYD U B AR R e K PEAT IR K HR D B B, H b 3R ST KA A8 Ak 2 B BON AR RE 1Y
VbR AR BEEKNLRRE AR, WSV EZETIE N, (HIHAACRIBENLIE IR 2 5955, 25 52 A 7 Tt
fIRssE T S B ARRY ) 1 Z SR N 2 H AR R BER R 0t P b B e Ak #ts, ks —
AL s R A0 DL T, RS B2 T /2 AR FE ) U7 S8 LE 5 R SR oK . e 1B 2 T AL, ARSI 5 Sl
EAHRNER AT, e Tt 5 S DN 23 AT — S50 Y Py AR A 5, RIS 2R W3R T LA 27 21 0 =1 TRk e
N B2 - HED B T AT R 522 H ARG T FERER i Y e b & v 5
223 d A FESHERFTREM W THARD BRI, 8RR MRIER T T 4% shap (E R
X HED AR TN 1 SRR AE, FEXT shap (EEEATIH—16. THERWE 3 froR. 45RKH, HibRHCEEHA
Fr ARG R B — 2, YURTKAL H A R & Qout FEAASERT. AR &, HRD TR AL I Bt R+ H
A Qout 5K Z&AFFIF Hin, Sin A1 Qin A LEA AR A, X W LA R T HED S R B A UK
faszme, AT LI A0 A U B2 I R R e AR PR A L R YD B



S 0,040

L A L L 4
no (W] {2 ni 4 s

P L5 R

3 R AR AL R T A 1R
Fig.3 Weight distribution of characteristic factors for reservoir outflow sediment discharge rate
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Tab.3 Starting and Ending Water Level Dispatching Strategies of Sanmenxia Reservoir
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Tab.4 Calculation Results of Combined Weights for Each working condition
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Tab.5 Comparison of Optimization Results under Various Working Conditions
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Fig.5 Scheduling processes of different schemes under various scenarios
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