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Research Status on Cohesive Sediment Flocculation from

the Three Gorges Reservoir to the Yangtze River Estuary
GUO Chao"?, GONG Zhi-long'"*
(1.Key Laboratory of Changjiang River of Ministry of Water Resources, Wuhan 430010, China; 2.River
Research Department, Changjiang River Scientific Research Institute, Wuhan 430010, China)

Abstract ; [ Objective | This study aims to clarify the laws of sediment deposition and the distribution characteristics
of pollutants in the Yangtze River Basin. To fill the research gap regarding the spatio-temporal evolution of flocs and
their driving factors along the mainstream from the Three Gorges Reservoir (TGR) Area to the Yangize River estu-
ary, this research systematically explores the variation rules of flocs and identifies their key influencing factors, so
as to provide theoretical and practical support for sediment regulation and pollutant research in the basin.
[ Methods ] Combining published literature and in-situ field measurement data of sediment flocculation collected
from the TGR Area to the Yangize River estuary,this paper conducts a comprehensive analysis on the spatio-tempo-
ral variation characteristics of sediment flocs.Field observations and statistical analyses are adopted to quantify the
particle size,effective density and settling velocity of flocs in different river sections, different seasons and different
water depths. Meanwhile , the correlations between floc properties and hydrodynamic conditions, sediment concentra-
tion, salinity and organic matter are further discussed to determine the dominant factors affecting floc formation and
development. [ Results ]| Obvious flocculation of fine-grained sediment was observed throughout the reach from the
TGR Area to the Yangtze River estuary.The floc particle size ranged from 22.0 um to 58.0 wm in the TGR Area,
25.4 pm to 101.4 pm in the middle and lower mainstream of the Yangtze River, and 32.6 pm to 179.0 pm in the
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Yangtze River estuary. During the flood season, the floc particle size first decreased and then increased along the
river from the TGR Area to the estuary. In the dry season, the average floc particle size at each monitoring station
from Chenglingji to Datong in the middle and lower mainstream was larger than that in the estuary. Vertical distribu-
tion of floc size varied across regions; at Hankou and Hukou stations, floc particle size gradually increased from the
water surface to the bottom layer. There was no significant difference in the effective density of flocs among different
regions in the flood season. In the dry season, the effective density of flocs in the estuary was notably higher than
that in the middle and lower mainstream. In terms of settling velocity, the ranges were 0.13 ~0.61 mm/s for the
TGR Area, 0.30~0.68 mm/s for the middle and lower mainstream, and 0.46~2.32 mm/s for the estuary. At Xuli-
ujing station, the settling velocity of flocs presented an upward trend from the surface layer to the bottom layer.
Weak hydrodynamic conditions, fine primary sediment particles and high sediment concentration were conducive to
the formation and growth of flocs along the entire study reach. Salinity exerted a prominent promoting effect on sedi-
ment flocculation in the estuary area, while organic matter was a vital factor that intensified flocculation in partial
sections of the middle and lower mainstream. [ Conclusions | This study quantitatively reveals the spatio-temporal
distribution patterns and vertical stratification features of floc particle size, effective density and settling velocity a-
long the Yangtze River from the TGR to the estuary, and clarifies the differentiated controlling mechanisms of multi-
ple environmental factors on flocculation in different river segments. The findings improve the basic theoretical sys-
tem of cohesive sediment movement in large river basins. Practically, the research results offer important references
for the prevention and control of waterway, lake and reservoir sedimentation in the Yangize River Basin, as well as
the investigation on distribution, migration and transformation of pollutants. Furthermore, the differentiated influ-
ence rules of hydrodynamic force, salinity and organic matter summarized in this paper can provide a new research

perspective for follow-up studies on river sediment dynamics and pollutant migration in similar large river systems.

Key words: cohesive sediment; flocculation mechanism; floc characteristics; Three Gorge Reservoir area to the

Yangtze River estuary
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Schematic diagram of the Yangtze River basin and the Yangtze River estuary downstream Xuliujing
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Table 1 Distribution of cation concentration in the main

stream of the middle and lower reaches of Yangtze river
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Table 2 Statistical data of field observation on sediment flocculation from the TGR Area to the Yangtze River estuary
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Table 3 Spatio-temporal distribution characteristics of flocs in the Yangtze River estuary
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Fig.3 Relationships between mean floc diameter and
flow velocity, salinity in the South Passage of
the Yangtze River estuary
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Fig.4 Changes in floc particle size, effective density,
and settling velocity during flood and dry seasons in
the middle and lower reaches of the main stream
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Fig.6 Changes in particle size, effective density, and

settling velocity of flocs along the main stream from
TGR to the estuary
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Fig.7 Correlation analysis between floc volume concen-
tration, effective density, and sediment concentration
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Table 5 Statistics of influencing factors of flocculation

in various regions of the Yangtze River
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