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Scouring effect of the middle and lower reaches of the Yangtze River and its impact after
the impoundment of the Three Gorges Project”
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Abstract. After the construction of cascade reservoirs in the Three Gorges and its upper reaches, the downstream clear water of the
dam was discharged, and a long-term and long-distance erosion occurred in the middle and lower reaches of the Yangtze River.

From Yichang to the Yangtze Estuary, a total of 5030 million m*

was scoured. Under the background of large-scale erosion in the
middle and lower reaches of the Yangtze River, it has a profound impact on river regime, flood control and shipping. The analysis
shows that the river regime in the middle and lower reaches of the Yangize River is generally stable, and the river regime in some
parts of the river changes greatly, resulting in the phenomenon of beach cutting and bending, and the phenomenon of strong trunk.
The increase of channel storage capacity increases the capacity of river discharge and flood storage, but the change of flow top scour
point and the erosion of nearshore riverbed also make the river bank collapse frequently, affecting the stability of river regime and
flood control safety. Under the combined action of channel scour, river regime control and channel engineering, channel conditions
in the middle and lower reaches of the Yangtze River improved overall. However, due to the unbalanced scouring of the river chan-
nel, the sandy pebble river section in the downstream of the dam has a * steep slope and rapid flow’ , and the sandy river section
has phenomena such as scattered beaches and channel displacement, affecting the channel conditions; the continuous erosion of

river bed results in the decrease of low water level, which affects the water supply safety of life, production and ecology along the

middle and lower reaches of the Yangtze River in extremely dry years. The relationship between rivers and lakes has undergone new
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changes. The three diversion channels have changed from original siltation to erosion. The water levels in the two lakes have de-
creased to varying degrees, and the low water level has appeared earlier, which has adversely affected the water resources and eco-
logical environment in the lake area. The regulation of water replenishment and saltwater intrusion in dry season of the Three Gorges
Project and the slowing down of siltation in the north branch are beneficial to the control of saltwater intrusion in the Yangtze Estu-
ary. The sediment discharged into the sea from the Yangtze Estuary is significantly reduced and the riverbed near the Yangtze Estu-
ary is scoured strongly. It seriously threatens the safety of the main structure of coastal enterprise wharf.

Keywords : Three Gorges Project; the middle and lower reaches of the Yangtze River; water and sediment changes; river scouring

and silting; river regime change; flood control safety; river-lake relation
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Fig.1 Schematic diagram of middle and lower reaches of Yangtze River
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Tab.1 Comparison of runoff and sediment discharge of main hydrological stations

in middle and lower reaches of Yangtze River with annual average

Ti H A 2 b B 210 WH K

[Eihiivg 2002 4EHi 4369 4450 3942 3576 6460 7111 9052
(x10% m?) 2003 — 2008 4F 3978 4064 3750 3601 5866 6686 8172
2009— 2021 4F 4326 4425 4014 3896 6435 7083 9129

2003 — 2021 4F 4216 4311 3931 3803 6255 6958 8827

LIRS v 2002 4EHij * 49200 50000 43400 35800 40900 39800 42700
(x10* 1) 2003 — 2008 4F 6090 7460 8570 9770 11000 12500 15400
2009— 2021 4F 2110 2500 3400 5290 7060 8130 12200

2003 — 2021 4F 3370 4070 5040 6700 8310 9500 13200

ol ¥4 2002 4EHij * 1.130 1.120 1.100 1.000 0.633 0.560 0.472
(kg/m?) 2003 — 2008 4F 0.153 0.184 0.229 0.271 0.188 0.187 0.188
2009— 2021 4F 0.0488 0.0565 0.0847 0.136 0.11 0.115 0.134

2003 — 2021 4F 0.0799 0.0944 0.128 0.176 0.133 0.137 0.150
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Fig.2 Annual variation process of runoff and sediment discharge of main

hydrological stations in middle and lower reaches of Yangtze River
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Tab.2 Comparison of sediment scouring-deposition amount of bankfull channel from

Yichang to Hukou in different periods

. i B e
EgE| o
(E=H) 1 E—Hik T Do = I A= B T = B = [
A B/ km 60.8 347.2 251.0 295.4 954.4
BT S 1975— 2002 4F ~14400 -29804 10726 16607 -16871
(x10*m®)  2002-10—2006-10 -8138 -32830 -5990 -14679 -61637
2006-10—2008-10 -2230 -3569 197 4693 -909
2008-10—2021-4 -6302 -90196 -44406 -58989 -199893
2002-10—2021-4 -16670 -126595 -50199 -68975 -262439
AEMEIRIREE/  1975— 2002 4F -8.8 -3.2 1.6 2.1 -0.7
(x10* m*/  2002-10—2006-10 -33.5 -23.6 -4.38 -9.9 -15.1
(km-a))  2006-10—2008-10 -18.3 -5.1 0.4 7.9 -0.5
2008-10—2021-4 -8.0 -20.0 -13.6 -15.4 -16.1
2002-10—2021-4 -14.4 -19.2 -10 -11.7 -14.1
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Fig.3 The annual variation process of sediment scouring-deposition amount of

bankfull channel from Yichang to Hukou( negative value is scour,the same below)
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Tab.3 Comparison of sediment scouring-deposition amount of bankfull channel from

Hukou to Jiangyin in different periods

TiH I B (4E-H) 5 0 —A FKi—T 5 T —ITBH
AT B K B/ km 228.0 431.4 659.4
JERU IS 1975— 2001 4E 17882 -5154 12728
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2016-10—2021-11 -15054 -38082 -53136
2001-10—2021-11 -52220 -118428 -170648
AT i R 1975— 2001 4E 3.0 -0.5 0.7
(x10* m*/ 2001-10—2006-10 -7.0 -7.0 -7.0
(km-a)) 2006-10—2011-10 -6.7 -17.7 -13.9
2011-10—2016-10 -18.9 -12.6 -14.8
2016-10—2021-11 -13.2 -17.7 -16.1
2001-10—2021-11 -11.5 -13.7 -12.9
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Fig.4 The annual variation process of sediment scouring-deposition amount
of bankfull channel from Hukou to Jiangyin
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Fig.5 Comparison of measured and predicted of scouring-deposition of

river channel in lower reaches of dam since operation of Three Gorges Project
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Fig.9 Photo of Shishou city second waterworks Fig.10 Photo of Wuxue Longping waterworks where
pumping ship stranded the left branch of Xinzhou cut-off
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