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Abstract: Full open discharge scouring during the flood season is crucial for the scouring process of the Sanmenxia Reservoir
and often exhibits a scouring-equilibrium process. However, current research on this topic remains insufficient. By combining
field data analysis, theoretical research, experimental study, and model simulation, this study investigates the sediment transport
law and scouring-equilibrium process of full open discharge. Data analysis indicates that the sediment transport rate of full open
discharge during the flood season can be calculated using a power law relationship model incorporated with the upstream
sediment supply function, where the sediment transport coefficient decreases with the increase of accumulated scouring time
and volume. The decrease in the sediment transport coefficient is a fundamental reason for the formation of the
scouring-equilibrium process and an important cause of the unreasonable phenomenon that the power law index of discharge is

less than 1.0 in previous calibrations. Furthermore, considering the difference in incipient motion conditions between the upper

*2025-08-30 Wk; 2025-12-17 W& ihhE

EXARRHEEESHAREETE (U22A20237) KRBV YDRE 5 A6 5 16 B S S0 = T e R 4 0 H
(IWHR-SEDI-2025-09) FHZKFFB ARt/ G B 7K 22 A s s (35) WHAEEIIE (2023-SYS1-08) HXA BT,
** JH{E{E#: E-mail: chenjian@ncwu.edu.cn.



layer of newly deposited sediment and the lower layer of consolidated sediment, the power law relationship model is improved
and the sediment transport coefficient is revised. The results show that the variation of the revised sediment transport coefficient
becomes smoother and more reasonable. Scouring experiments on consolidated sediment demonstrate that a slight increase in
the dry density of consolidated sediment leads to a significant increase in incipient motion conditions (velocity, shear stress, and
discharge). Finally, based on the self-adjustment principle of alluvial rivers and the delayed response model theory, a delayed
response model between the sediment transport coefficient and accumulated scouring volume is established and applied to
simulate the scouring-equilibrium process of full open discharge in the Sanmenxia Reservoir. The simulation results show that
the calculated curve of the sediment transport coefficient varying with accumulated scouring time is consistent with the
measured values, and the calculated curve of accumulated scouring volume varying with accumulated incoming water is in
good agreement with the measured values. The values of the determination coefficient and Nash-Sutcliffe efficiency are 0.98
and 0.98, respectively, which preliminarily verify the rationality of the proposed model.
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Fig. 1 Diagram of the locations of Sanmenxia reservoir and measuring sections
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Fig. 2 Variation processes of scouring and deposition Fig. 3 Relation of scouring volume and runoff
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Fig. 4 Relation of sediment discharge with incoming water, sediment discharge
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Fig. 5 Variation process of sediment transport coefficient with continue scouring
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Fig. 6 Variation process of sediment transport coefficient with continue scouring
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Fig. 7 Variation process of revised sediment transport coefficient with continue scouring
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