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Variation characteristics and causes of flow and sediment diversion ratios in the typical bifurcated reaches of the Middle Yangtze River

after the Three Gorges Project operation

Zhu Heng!, XIA Jungiang'**, Deng Shanshan' & Zhou Meirong'
(1. State Key Laboratory of Water Resources Engineering and Management, Wuhan University, Wuhan 430072, PR.China)

Abstract: The operation of the Three Gorges Project resulted in substantial channel adjustments in the downstream reaches, thereby
altering the diversion patterns of flow and sediment in bifurcated reaches. This had a considerable impact on flood control, navigation,
water diversion, and ecology. The present study investigated the variation characteristics of four distinct bifurcated reaches in the reach
between Jianli and Shijitou of the Middle Yangtze River. Utilizing a two-dimensional flow-sediment transport model, this study
compared the flow and sediment diversion ratios prior to and following reservoir operation under various flow regimes, thereby
identifying the drivers behind the variation in diversion patterns. The results demonstrate that during the post-operation period, the
straight bifurcated reach underwent erosion and deposition, while both the main and second branches of the curved bifurcated reach
underwent erosion, primarily occurring in the low-water channels. The implementation of river regulation projects has been
demonstrated to impede the retreat of the high floodplain of the mid-channel bar (MCB) and to induce the deposition of the low
floodplain of the MCB. The channels exhibiting higher levels of erosion intensity underwent evolution, subsequently assuming the role
of the primary branches. This phenomenon induced a shift in the main and secondary branches of select bifurcated reaches. The low-
discharge diversion ratios in the right branch of the bifurcated reaches of Nanmenzhou and Luxikou increased from 0.42 and 0.40 to
0.95 and 0.81, respectively, with both showing an increase of over 100%. The imbalance in erosion across the bifurcated reaches is the
primary cause of variation in flow and sediment diversion patterns, with the impact decreasing for higher discharge. For every 1.0 m
increase in the relative scour depth between the main and secondary branch, the flow diversion ratio of the main branch is shown to

increase by approximately 7.6-15.8%, and the sediment diversion ratio increases by approximately 8.2—11.8%. It is evident that
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alterations to the mid-channel bar planform would have a consequential impact on flow diversion patterns. Sediment deposition on the
low floodplain was detrimental to the inflow entering the left branch of the Nanyangzhou reach, while the retreat of the high floodplain
in the left branch further decreased the flow diversion ratio under medium to high discharge conditions.
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Fig.1 Sketch of the Jianli-Shijitou reach in the Middle Yangtze River
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Tab.1 Morphological characteristics and regulation projects of bifurcated subreaches in the Jianli-Shijitou reach
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Tab. 2 Inlet and outlet boundary conditions at different discharges

2002 F 2021 4E
TER - -
B2111/(m¥s) W F/(mP/s) LR 1l/(m¥/s) FHHLSk/m 12111/(m3/s) W5 F/(ms) B E L/(m¥/s) FHlk/m
K 35500 21600 13800 24.60 35700 26800 9000 25.60
GIVIN 25800 16200 10100 23.23 25400 15900 9600 23.16
izk 9400 5600 3900 15.75 9200 7300 2100 15.01
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Tab.3 Absolute errors between the calculated and measured water levels in 2002 and 2021

S 2002 “FKALLN R 2 /m 2021 FKALLAA R % /m
A HEALYE LIl i F T4 FETLYE LIl
#hk 0.01 -0.09 -0.07 -0.05 0 -0.04 0.01
K 0.04 -0.06 0.00 -0.05 -0.03 0.00 0.02
HitizK -0.05 -0.08 -0.05 0.03 -0.02 -0.04 -0.01
F 42002 4F K 2021 R L k5 S Sl A v
Tab.4 Comparisons between the calculated and measured sediment concentrations at Luoshan in 2002 and 2021
2002 4 2021 4F
5/ (kg/m®) SEP/(kg/m) AEXT R 2 5 /(kg/m?) SE/(kg/m) AHXT IR ZE
#hk 0.922 0.928 2% 0.106 0.104 2%
K 0.456 0.467 2% 0.068 0.068 0
HitizK 0.171 0.168 2% 0.074 0.074 0
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Tab.5 Comparisons between the calculated and measured sediment diversion ratios in the bifurcated reaches of Nanyangzhou and Wuguizhou

Wk frE P ] WE/(mYs)  HFWE/(kgmd) RSN ERAFHEARE EREE T TSI
1# MM 2023.2 8560 0.036 0.86 0.87 0.88 0.88
24 FARHM 2023.6 22600 0.054 0.71 0.72 0.69 0.75

3B oy 20194 10000 0.064 0.92 0.91 — —

4432 oyl 2017.7 22700 0.86 0.89 0.91 0.91 0.98
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Fig. 2 Comparisons between the calculated and measured depth-averaged velocities at different sections
in the bifurcated reaches of Nanyangzhou and Wuguizhou
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Fig.5 Distributions of riverbed erosion and deposition depths in typical bifurcated reaches in 2003-2021
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Fig.6 Variations in cross-sectional profiles at typical sections in different bifurcated reaches
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Fig.8 Changes of diversion flow ratio in the bifurcated reaches before and after the Three Gorges Project (TGP)
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Fig.9 Changes of sediment diversion ratio in the bifurcated reaches before and after the TGP
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Fig.11 Correlations between sediment and flow diversion ratio changes and relative scour-deposition thickness
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