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Abstract: Gate-controlled operation is a critical measure for water resource management in coastal plain river networks.
However, the intense hydrodynamic disturbances caused by gate operations can easily induce sediment resuspension. This
process increases sediment oxygen demand (SOD), alters dissolved oxygen (DO) dynamics, and may further elevate the risk
of hypoxia. In this study, we investigated the response of hydrodynamics to SOD under gate regulation in the Jinhuigang
River, Shanghai. Based on field measurements of hydrological and water quality variables and sediment sampling, we
developed a one-dimensional hydrodynamic model that incorporates the effects of tributaries. We also constructed a
predictive SOD model using sediment oxygen consumption experiments. The coupled relationships between hydrodynamic
conditions and SOD were systematically analyzed under various water diversion intensities. The results revealed three main
findings. First, the calibrated one-dimensional model effectively reproduced the hydrodynamic evolution in the gate-regulated
channel and accurately captured the longitudinal propagation and time lag of hydrodynamic disturbances. Second,
gate-controlled water diversion substantially enhanced flow intensity in the channel. SOD generally increased with diversion

scale and exhibited marked spatial heterogeneity. Third, SOD showed a stable and positive linear correlation with flow
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velocity under strong hydrodynamic disturbances. Flow velocity was the dominant factor driving SOD increases, as it raised
the equivalent suspended sediment thickness (hs) and promoted the exposure and release of oxygen-consuming substances.
This study identifies a core causal chain—hydrodynamic enhancement, sediment resuspension, and SOD
amplification—under gate regulation. Our findings provide theoretical support for refined water quality management and
hypoxia risk prevention in gate-controlled plain river networks.

Keywords: Gated river; hydrodynamic disturbances; Sediment Oxygen Demand (SOD); sediment resuspension; dissolved

oxygen; sediment water interface
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Fig.1 Overview of the study area and measurement instruments: (a) Study area; (b) Actual photograph; (c) Measuring device
NERGHARRE%ME T SOD 5Ka) /15 AFHIMARISC &R, WFFTTFHER (B 2) k. et sk
ey SN E PORMIFE R ZE, SRS HOF LIRS 5 SOD Tl A 30 Bl 4565 7K8h /)
52 741 DO KA, JFEBUEA, & BT AN E WA T K3 1Rk 5 SOD A2 ks

# b [Cmnman | (e |
1 . - i
& . [ e | [ wum 3
£ C[ moemmm | [ wmke |
g 5 e
s P— B
i \
8| || ) N |
& i oy P : | :
=—=pc ——]
T B - -*
S L

&l 2 BFFCTTIERESE
Fig.2 Framework of the research methodology
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Tab.1 Settings of gate control conditions

Case No. iee] TR B O = Qmad(m®s?) P PERT/minD - AL E)/(minD
s1 5K 100 200 300
S2 5K 130 200 300
S3 5K 150 200 300
S4 5K 180 200 300
S5 517K 200 200 300
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Tab.2 Sediment oxygen consumption Kinetic rate constants ( K__, ) , the concentration of releasable oxygen-consuming substances per unit

sod

weight of sediment ( COD s ) equivalent suspended sediment concentrations ( C , ), and sediment bulk densities ¢ O, ) at observation sites

Wi 5 Kyq /(Lmgtminty)  Cqp ¢/ (MgO2g?) Cy /(gLh P!l
cs-1 0.00660 0.073 1.200 2.21x10°
Cs-2 0.00290 0.042 0.850 2.21x10°
cs3 0.0119 011 0.500 2.21x10°
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