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» Large-size helical motions were observed thatyikgayed important roles in suspended

sediment transport and local morphology.
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Abstract

Confluences act as critical nodes in a river nekvas they affect flow, sediment transport, water
quality and ecological patterns. A complete knowkedbout hydro-morpho-sedimentary
processes at river confluences is still incompleted it has been usually accepted that secondary
flows are weak because of the significant roleoofrf roughness in large rivers. In this study,
two field surveys were conducted on the flow sutet suspended sediment transport and
morphology of the confluence between the YangtzeR(the largest river in China) and the
Poyang Lake (the largest freshwater lake in ChiDagal counter-rotating cells were observed
during high flow conditions and a single secondzely appeared in low flow conditions. These
helical cells restricted the core size of high sesit concentration and downwelling flows acted
as a barrier hindering the exchange of sedimemtd®st the two rivers. Furthermore, the
observed large scour hole was likely related tadim@nwelling and upwelling flows caused by
helical motions. In low flow conditions the scowié looked like a deep channel, which was
likely related to a long-surviving helical cell. &lscour hole disappeared further downstream,
when either the helical motion got weak during ltaw conditions, or when a reverse helical
cell occurred during high flow conditions. Hydrodynics, suspended sediment transport and
morphological features observed at such a largéumrce demonstrated that river planform
geometry and discharge ratio affected the flowcstme, especially the helical motion. This in

turn affected sediment transport as well as thallbed morphology.
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1 Introduction

Confluences are critical nodes in a river networ# affect flow, sediment transport,
water quality and ecological patterns. Significaimanges in hydrodynamics, bed morphology as
well as environmental and ecological features oattine confluence, where the flows from two
tributaries combine and adjust to the post-confteguianform geometry. Confluence of two
flows with different momentum and velocity ratidkd ratio of the variable of one channel to
that of the other) often results in a downstreasashayer driven by the Kelvin-Helmholtz (KH)
instability. It enhances turbulent mixing and exuoy@ of momentum and other matter (e.g.,
sediment and pollutants; Rhoads & Sukhodolov, 28dkhodolov & Rhoads, 2001; Tang et al.,
2018; Yuan et al., 2019) during the spatial groweftthe vortex pairing (Winant and Browand,
1974). In-depth knowledge of the dynamics of cosrfices, especially for large rivers, is
required to mitigate flooding, manage water resesignd improve protection of the water
environment and ecology. A large number of stuttidderature have focused on small-scale
channel confluences with small width-to-depth {(/H <10) (e.g., Baranya et al., 2015;

Riley & Rhoads, 2011). More recently, an increasingiber of studies have been undertaken to
study confluences at medium scale (MK <50) (Ramoén et al., 2013; Konsoer and Rhoads,
2014; Riley et al., 2014; Martin-Vide et al., 20B8ron et al., 2019; Luz et al., 2020) and at
large scaleM/H > 50) (Best and Ashworth, 1997; Parsons et ab720ane et al., 2008;
Szupiany et al., 2009; Gualtieri et al., 2018; lammerto et al., 2018). The main findings from

studies on small, medium and large confluencebiéedy reviewed.

Deflection of flow, flow stagnation upstream ané@nthe confluent apex, flow separation
from the wall as the tributary enters the conflleehgdrodynamics zone (CHZ), the mixing

interface between two confluent flows, helical roas caused by the curvature of the tributaries,
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etc., have been well documented at small chanmeglusmces (e.g., Best, 1987; Rhoads and
Kenworthy, 1995, 1998; Bradbrook et al., 1998; Rizoet al., 2009; Bradbrook et al., 2000).
Different momentum and velocity ratios of the twamfluent flows lead to interfaces having
different mixing mechanisms. The shear layer chiarered by von Karman vortex street for the
momentum ratios close to unity, i.e. wake mode &amtinescu et al., 2011; Constantinescu et
al., 2012) or vortex pairing for those far fromtyni.e. KH vortices dominating mode (Rhoads
and Sukhodolov, 2004) were reported. However, baseattone imagery, Biron et al. (2019)
observed that only KH vortices dominated within ghear layer for discharge ratios ranging
from 0.09 to 1.02 in a medium-sized confluence.surface-convergent helical cells were
observed on either side of the shear layer in ticaéplane, which rapidly evolve into a single,
channel-scale circulation cell due to the diffeeshin the curvature of the two combining flows
(Bradbrook et al., 2000; Rhoads & Kenworthy, 19P898). Bed discordance (defined as the
difference in bed elevation between two channels)destroy the quasi two dimensionality of
the mixing interface and result in distortion of tthear layer; consequently, upwelling of water
can take place at the downstream junction corneoiiBet al., 1996a, 1996b; Bradbrook et al.,
2001; De Serres et al., 1999), which affects seditransport and bed morphology (Biron et al.,
1993; Boyer et al., 2006; Sukhodolov et al., 20M9reover, the large lateral advection of the
mean flow, associated with helical motions, cao asult in the distortion of the shear layer
(Rhoads & Sukhodolov, 2008; Yuan et al., 2016).rEdidferences in water density between two
flows may impact the local hydrodynamics aroundadbtefluence (Rhoads and Kentworthy,
1998; Biron and Lane, 2008; Ramon et al, 2013; iywva et al., 2014; Cheng and

Constantinescu, 2018; Gualtieri et al., 2019).
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A mid-stream deep scour hole and bank-attacherhldiars, related to flow separation,
are some of the principal morphological featurentdied at river confluences (Best, 1988).
Field surveys (Biron et al., 1993; Boyer et al.0@0Rhoads et al., 2009; lanniruberto et al.,
2018) and laboratory experiments (Best, 1988; énilludefia et al., 2015, 2016; Guillén-
Ludefa et al., 2017, Leite Ribeiro et al., 2012ak et al., 2018; Yu et al., 2020) on sediment
transport and morphology at channel confluenceg wenducted in the past to investigate the
interaction between flow dynamics and the bed malgedy. Many features, such as large flow
velocity, strong turbulence, effects of the shegef or curvature-induced helical circulations
were believed to be the cause of the mid-streamrduae formation. However, recently, Yuan
et al. (2018) reported on the basis of flume expenis that downwelling and upwelling flows of
helical motions, associated with the intense bedustare responsible for sediment entrainment
and scouring. These flows produce and promote tdechannel scour hole observed in flume
experiments. Qualitative as well as quantitativeesbations suggest that sediment is transported
essentially along the flanks of the scour holerghg the scour hole is maintained in a stable
condition (Mosley, 1976; Best, 1988; Boyer et 2006). The limitations of almost all of these

studies are that they were conducted in small Geefluences or in laboratory flumes.

Parsons et al. (2007) highlighted some similaritiesveen the flow and bed morphology
of small and large confluences. Some differenca® a#ributed to increase in ratio of width to
depth for large-scale channels. They suggestedaaedase in the role of the form roughness and
possible differences in the mechanisms generadogrslary flows as the channel scale
increases. Lane et al. (2008) reported that turtbgleear mixing, associated with a near-vertical
shear layer occurred very close to the junctionthedarge-size secondary circulation was

beneficial for the rapid mixing of two large cordht flows. Szupiany et al. (2009) conducted
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field surveys on the dynamics of large braideddmanfluences in the Rio Parana and indicated
that the scale might be an important factor goveyihe confluence dynamics. For large width-
to-depth ratios it was suggested that the influefsEcondary currents decreased because of an
increase in the role of the form roughness. Atahe, it is not straightforward to extend the
current understanding of small confluences to lag#luences. The knowledge of the hydro-
morpho-sedimentary processes at river confluerscsslliincomplete, especially at the large

ones.

The present study was undertaken to investigadeokdynamics, sediment transport and
morphological features at the large confluence betwthe Yangtze River and the outflow
channel of Poyang Lake. They are the largest anerthe largest freshwater lake in China,
respectively. Both of them have dramatic influenndlood control, water resource
management, and environmental and ecological grotefor the Yangtze River basin. In that
reach, Yangtze river has a width in the averagdmbst 2 km. The authors have attempted to
address three aspects: (1) the existence and iamoerpdf helical cells at the confluence; (2)
suspended sediment transport; (3) the bed morpicaldgatures related to hydrodynamics and
sediment transport. The current results can assiBe protection of the local water body, as

well as expand the present database and knowledtieeaynamics of large river confluences.

2 Study site, field procedures, and methods

2.1 Study site

The Yangtze River catchment is one of the largesihdge basins in the world, its annual
water discharge (9000 x &6v/yr) and sediment load (4.78 x®1dyr) are ranked as the fifth and

fourth largest in the world, respectively. The Poy&ake is located at the junction of the south
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bank of the Yangtze River (Figure 1), with a bamiea of 16.2 x kn¥ and accounts for 9% of
the Yangtze River drainage area (Xu et al., 2004¢ confluence is located in the middle and
lower reaches of the Yangtze River, at about 90@kwmnstream of the Three Gorges Dam
(detailed information about this dam can be foundsdobal Reservoir and Dam Database,
Version 1.1; Lehner et al., 2011) and 800 km upstref the river mouth. The confluence is
formed as the only outflow channel of the Poyanke jains to the Yangtze River. It is a critical
node that affects flood control, water resource ezrwogy of the Poyang Lake and is a
prominent place for shipping in Jiangxi ProvincehéN the water level in the Yangtze River is
higher than that in the Poyang Lake during thedlseason, part of the river flow enters into the
Poyang Lake (i.e. backwater condition exists). @peration of the Three Gorges Dam, for
which impoundment started in 2003, brought largeefies on flood control, navigation and
electricity production, but affected fluvial, andvronmental and ecological processes (e.g., its
negative effects on the finless porpoises; Sto@@3pdownstream along the Yangtze River as
well as its tributaries. The downstream water ldasd decreased by 3.9%-13.5% at 15 main
gauging stations after the operation of the Thregg€s Dam, and such decrease is especially
evident in the fall (Yang et al., 2006). Severersted erosion has occurred, and the maximum
erosion downstream of the dam can reach 10 m (Zbealy, 2018). The dam operation can also
partially explain the reduced sedimentation indbe/nstream-linked two largest Chinese
freshwater lakes, Dongting Lake and Poyang LakeZt al., 2016). Previous studies have
demonstrated that the operation of the Three Gdbges has weakened the backwater effects of
the Yangtze River on the Poyang Lake, resultingnmdvanced and lengthened dry season in

the Lake (e.g., Guo et al., 2012). Therefore, apretmensive study of this confluence will not
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only advance our current knowledges about larger tenfluences but also will be useful for the

better management of this critical river-lake syste

2.2 Instrumentation and field procedures

Two field surveys were carried out in 2018, firatidg high flow conditions (Survey 1;
10-14 August 2018) and later during low flow coratis (Survey 2; 8-12 December 2018).
During each of the five-day survey measurementgemavels and flow discharges did not show
any significant change (Figure 2). A large diffezern water levels of about 5.8 m was observed
between the two surveys. Large variation of wageel led to submergence and emergence of
large tracts of floodplain (occupying about haltloé channel width) at the mouth of the Poyang
Lake depending on the high or low flow conditiorespectively. The discharge of the Yangtze
River in Survey 1 was twice larger than that inveyr2, whereas the outflow of the Poyang

Lake was similar in the two surveys (Table 1).

A large island, Zhangjia Island, bifurcates the §tae River at the Jiujiang Station, and
the river merges again about 19 km downstreamugidig Station with a confluence angle of
nearly 90 degrees (Figure 1), i.e. the branchetet of this island also belongs to the Yangtze
River. For simplicity, the Yangtze River mentionteeteafter means the branch at the right of the
Zhangjia Island. The mid-channel island, Guan idaeparates the flow of the Yangtze. The
main stream lay on the left of the island, whickl badischarge twice larger than that of the right
branch in Survey 1. The two bifurcated channels/eoyed at the end of the island with a
confluence angle of about 20 degrees. The Meilgntkis located at the apex of the confluence

of the Yangtze and the Poyang and has a confluemgle of about 58 degrees.
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A total of 17 cross sections was used for the tibataries and the post confluence for
Survey 1 and 19 cross sections were used for S@ry@gludes split cross section, CYPO, and
an additional one, CYP8-A; Figure 1). Two acouBtappler current profilers (ADCPSs), namely
a Sontek River Surveyor M9 Instrument and a Rion@es600kHz RDI Instrument, were used
simultaneously. The data obtained by the two deweere compared to assure their accuracy.
The ADCPs provided three-dimensional flow velositer the water depth along these cross-
sections, backscatter intensity, which can beedl&t total suspended sediment concentration
(TSS) after calibration, as well as bed elevatiédtlsmeasurements were georeferenced using a
differential global positioning system (DGPS). Qirihe ADCPs were deployed from a moving
vessel, they were linked to the DGPS to providé Ipatsition and boat velocity. The compass
was well calibrated, the boat velocity and trackippon of the survey lines were monitored
online and were held constant as much as posdibiegithe surveys. A steady boat velocity of
2 m/s was adopted to decrease the number of misaggmbles, as well as keep the boat
movement in a relatively straight line. The vettioa size of velocity measurement of RDI was
fixed as 0.5 m, while the Sontek M9 firmware chantiee acoustic operating frequency and thus

depth measurement resolution depending on the dafgh and velocity (Moradi et al., 2019).

For both ADCP M9 and ADCP RDI, the averaging in&i§Al) used, herein, was 1
second. Considering the boat speed as 2.0 m/shwias of the order of the flow velocity, the
measured velocity represented the flow conditidremcaverage volume that is 2 m long near the
water surface and the approximate value of watpthdeear the bed (about 30 m in maximum
herein; Rennie et al., 2002). At the confluence,dhannel widths varied between 1,000 m to
3,000 m, thus the assumption of flow homogeneity pr@perly satisfied for this scale

(Szupiany et al., 2009). In order to obtain repnéstéve values of the time-averaged three-
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dimensional velocities at each cross section, nteagnts along series of multiple repeated-
transect lines (two repeats for Survey 1 for tHeesa safety during the high flow conditions and

four repeats for Survey 2) were conducted and geersubsequently.

During both surveys, suspended sediment concemtrais measured. A total of 17
vertical profiles in Survey 1 and 20 vertical pkediin Survey 2 were chosen for water sampling
during the campaign. Depending on the water de&ptf,samples in one vertical were taken.

Furthermore, the TSS concentration was measurdittdnyng, drying and weighing.

2.3 Data post-processing

RDI data and M9 data were exported as ASCI| filed RIATLAB files using Teledyne
RDI WinRiverll software and RiverSurveyor Live sgfire. The data for multiple transects were
then analyzed using the Velocity Mapping Tool (VM&)suite of MATLAB routines with a
graphical user interface (Parsons et al., 2013)T\ddmposites and averages ADCP velocity
data from repeat transects along cross-sectioasgiding the capability to plot 3-D velocity
vectors. In this study, the average velocity deaenfM9 were processed to analyze the flow
structure, and the data from RDI were used mamhetify their accuracy. RDI data also

provide the information about acoustic backscaittensity.

A source of debate exists about the correct andstatefinition of secondary currents
within river channels (Lane et al., 1999, 2000; &ltwand Kenworthy, 1999). Lane et al. (2000)
summarized four current definitions for the secogydi@ws: (1) the centerline definition; (2) the
Rozovskii definition; (3) the zero net cross-stredistharge definition; and (4) the discharge
continuity definition. Constraints exist with theethods of data collection and rotation of

secondary current vectors at the confluence otmggtze River and the Poyang Lake with very
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large average channel widths. First, significaab$verse variations in the main flow direction
can often complicate identification of the prim&ligw direction and thus the definition of a
robust frame of reference. Second, the locatiam gifzen reference section is particularly
difficult to determine at confluences, since thienary flow changes its curvature permanently
and is in opposite directions at both sides ofcthrefluence mixing layer. These constraints result
in the centerline definition and methods that defamly one secondary plane across an entire
section (i.e. the discharge continuity and the r&ftocross-stream discharge procedures) for
rotation of secondary velocities often being pratdtic to apply (Szupiany et al., 2009). The
Rozovskii reference frame rotated each verticagéende of velocity measurements such that
primary and secondary velocity components weranatigparallel and perpendicular to the
orientation of the depth-averaged velocity veatespectively. This was useful especially for
identifying helical motion in strongly converginigWs (Rozovskii, 1957; Rhoads and
Kenworthy, 1998; Szupiany et al., 2009). Howevemé et al. (2000) noted that in the
Rozovskii rotation the identification of helicafrculation is inevitable. Therefore, the present
study uses the Rozovskii definition calculated By and the raw data of some cross sections

have also been given to relate the Rozovskii freaek to the channel frame.

Acoustic Doppler technology provided quantitatiméormation on suspended sediment
concentrations (Creed et al., 2001; Filizola ang@2004; Kostaschuk et al., 2005; Sontek,
1997) through an analysis of the backscatter iftienEhis intensity is a function of both the
equipment characteristics (frequency, transmittslgy, measured volume range, received
sensitivity) and the flow conditions (concentratenmd size of sediment particles, amount of
organic matter, dissolved solids and air bubbl&en{ek, 1997)). Therefore, for a given

instrument, i.e. RDI ADCP herein, and for a constaaiment type and grain size distribution,
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the signal strength can have a simple correlatibim the sediment concentration in the absence
of air bubbles and particulate organic matter. Bgacand J6zsa (2013) proposed a method to
define the relationship between suspended sedicoscentration and the varial®8 which is
derived from the acoustic backscatter intensitgt Rerk has shown that using the information
of the backscatter intensity signal of ADCPs isaful method for characterizing spatial patterns
of suspended sediment within confluences (Zingat.e2013; Konsoer and Rhoads, 2014;
Rhoads and Johnson, 2018). Hence, patterRB efere used here as a surrogate for suspended

sediment concentration.

3 Results and discussion

3.1 Bed morphology variation related to operatibthe Three Gorges Dam

Bed morphology of the confluence before the opemnatif the Three Gorges Dam in
October 2001 (Figure 3a) and post-operation in kEt@016 (Figure 3b), and in August and
December of 2018 (Figure 3c-d), as well as somssesectional bed surface profiles (Figure 3e-
0), were compared. The elevations are with referéathe frozen base level whose zero datum
is 1.91 m higher than that of the 1985 NationalgdeDatum. Comparison between 2001
(Figure 3a) and 2018 (Figure 3c) surveys, wherctimgluence had gone through a flood season,
depicts a similar planform of the thalweg. Howetbke bed elevation of Yangtze River,
especially at beginning of post-confluent reacB0A48 (Figure 3e and f) was about 5 m lower
than that in 2001. This could be attributed largelyhe decrease in sediment concentration in
the Yangtze River due to the upstream dam. Thetsfigere weakened significantly near CYP5
(Figure 1c). The thalweg of the Yangtze River ii@@vas even 5 m deeper than that in Survey

1 of 2018 and deviates to the left. This may bebaited to the large flood of 2016, which was
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the largest since 1998. The bed morphology at thetimof the outflow channel of Poyang Lake
in the two plots look similar as they have beenmyatontrolled by the upstream flow and
sediment fed by the Poyang Lake, which did notesutidical changes. It could be also noted
that the backwater from the Yangtze River to thgafg Lake usually lasts for a short time and

therefore has minimal effects on the morphologsheflake mouth.

By comparing the bed elevation between the highufe 3c) and the low flow conditions
(Figure 3d), it is seen that the erosion duringltieflow conditions was larger and the thalweg
of the post confluence tended to deviate to thietrighe mid-stream scour hole near CYP5 of
the CHZ (Figures 3c and 3d) displayed typical pmmstfluence bed morphology. Strong erosion
occurred during the low flow conditions, shapeddbeur hole into a deep channel on the right
side, and was accompanied by large depositiorodwatrred on the left side. This morphology is
similar to that of river bends due to a single ¢edlmotion of the flow. At the outflow channel of
Poyang Lake, bed elevation decreased from Augusetember, 2018, probably due to the
larger momentum flux of the flow. The bed elevasiaf the left and right branches of the
Yangtze River near the Guan Island had a differefi@dout 5 m, thereby, this confluence of
two branches has a bed discordance. Discordamtaorgluences are common in braided rivers
with mid-channel bars and islands (Szupiany e28l09). Bed discordance can enhance the
exchange of momentum between two flows (Ramos ,e2@19) and may play a role in the
mixing of the left and right branch flows of thefize River. As the maximum water depths of
the Yangtze River and the Poyang Lake were sinthé,confluence is almost concordant with a

negligible effect of bed discordance on the momangxchange.

Water discharge, sediment load and bed morpholagg Vargely modified by the

operation of the Three Gorges Dam. As presentegdiag et al. (2014) and Guo et al. (2012),

This article is protected by copyright. All rights reserved.



discharge and sediment load during the flood seas@n from July to September, after the
operation of the Three Gorges Dam decreased byt@11%% and by 56% to 71%, respectively.
Hence, the river impact on the lake weakened mdesf backwater effect and backflow of
sediment into the lake. This led to a larger lakiow into the river decreasing water storage in
the lake. Similar results can be discerned in EEguyrwhere change in the sediment
concentration at Jiujiang and Hukou stations beéme after the operation of Three Gorges Dam
are shown. Sediment entrapped in the reservoihodd Gorges Dam decreased TSS
concentration downstream of the Dam during the Rl conditions, resulting in erosion of the
downstream reach of Yangtze River (Figure 3e-fe $&diment load of the Poyang Lake did not
undergo any noticeable change, except for the apparcreases of sediment concentration at
Hukou, due to the Yangtze River backwater, whictuoed three times in 2000. However, such
backwater was not observed in 2015 and 2018 dtreetaveak forcing effects of the river on the

lake.

3.2 Hydraulic conditions during two surveys andttiegveraged flow field

Table 1 lists the main geometric and hydraulic abgaristics of the confluence during
each of the two surveys. In August Yangtze Rivecldarge was more than twice that in
December, with an average water depth 1.42 m laRygrang Lake discharge was similar in the
two surveys, but the average water depth in Augast0.81 m larger than that in December.
This could be attributed to larger backwater eHdut the Yangtze River in August. Due to the
backwater, the flow in the lake spilled on to tle®éplain, widening the width at the water
surface and largely decreasing flow velocity in &#wy Lake. The Poyang Lake flow aspect ratio
changed from 183 in August to 86 in December. Tdrdlaence discharge ratio and flow

momentum flux ratio (calculated by the ratio ofued of the Poyang Lake to those of the
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Yangtze River) both increased from the August g condition to the December low flow

condition.

Figure 5 shows the depth-averaged velocity datgiade and direction) collected at
each transect in Survey 1 (Figure 5a) and Sury@dire 5b). Figure 6 presents the difference
in velocity magnitude and flow direction betweemygtze River and Poyang Lake for the two
surveys. During Survey 1, flow in the Yangtze Riwas bifurcated into branches by the Guan
Island and then converged downstream. The two bemndiffered in velocity magnitude, and
the difference subsequently deceased as they meZgedersely in the Poyang Lake, the depth-
averaged flow velocity was relatively uniform ovke channel width, with a median value of
0.2 m/s. The floodplains on the right side of thenytze River and on the left side of the Poyang
Lake were submerged in the high flow condition.the Yangtze River and Poyang Lake entered
the confluence, the channel width was almost 3with, the two waters merging about a strong
and easily visible mixing interface (Figure 7). dtgh the central confluence region, the waters
of the Yangtze River and Poyang Lake merged araynea with the downstream channel of
the Yangtze River flow. Complete alignment of tleg/édhg Lake flow with the Yangtze River
channel occurred at about the CYP7, which was éacatkm downstream of the junction apex
(Figure 6). The momentum flux of the Yangtze Riwes large, its flow moved fast and seemed
to rush to the right bank and then near CYP6 alygpianged its direction to the left bank. The
flow vectors from CYP4 to CYP6 swerved rapidly lre tanti-clockwise direction by nearly 34
degrees. This abrupt swerve may affect the hatdlon over the cross section, as will be

discussed below.

During Survey 2, the difference in velocity magdiéubetween two branches of the

Yangtze River was relatively small. Complete aligminof the Poyang Lake flow with the
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Yangtze River channel and the largely reduced wiffee in depth-averaged velocity between
the two flows occurred at about CYP6, which wasted about 2.4 km downstream of the
junction apex (Figure 6). A stagnation zone appearst downstream of the Meijia Island
having a length of about 300 m and a transverséwaflabout 130 m at CYP1. The confluent
flows swerved from CYP4 to CYP6 with an anti-cloekavangle of nearly 25.5 degrees, which
was much smaller than during the Survey 1 high ftowditions. This contrast on the flow
deflection between the two surveys can be relate¢ke difference in the momentum flux ratios.
The flow originating from the Poyang Lake could sy change the direction of the flow in
Yangtze River to become a part of the core and ownstream together. The core velocity had
gradually increased with the addition of Poyangd #i&kw and reached the maximum near
CYP8. The flow near CYP9 was affected by the infloem the left branch at the Zhangjia

Island.

3.3 Three-dimensional flow field

Figure 8 shows the vectors of the secondary cuuantity superimposed on the
contours of the primary flow velocity using the Ruegkii definition for the Survey 1. Figures 9
and 10 compare raw data and those from Rozovskidfifar some cross sections. The main
stream was flowing along the left branch of the §taa River near the Guan Island, and merged
with the flow of the right branch at Y1. The flowelocity decreased due to the widening cross
section. The flow velocity was distributed almostfarmly over the cross section within the left

part of CYPO. The flow fed by the Poyang Lake waskmsmaller, especially on the floodplain.

The two flows originating from the Yangtze Riverdahe Poyang Lake started to merge
at CYPO. Affected by squeezing of the Poyang Léie ind narrowness of the cross section,

the Yangtze River flowincreased its velocity at @QYPne discernible anti-clockwise cell
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emerged on the right side of CYP1 and subsequamtiyeversed helical cells on either side of
the mixing interface developed from CYP2 to CYPHeTncomplete cell or one half of a helix
(Lane et al., 2008) in CYP2 might be an artefae tiuthe nonorthogonality between the
transect and the flow direction. The left helicall evith a secondary flow velocity of about 1/10
of the primary velocity at the Yangtze side waste to the curvature of the Yangtze flows
(Figure 9), and its relative strengths (e.g., itsutation and the streamwise distance over which
it maintained its coherence) depended mainly orfltive curvature and on the momentum flux
ratio between the two tributaries (Constantinesal.e2011). A large-size helical cell was
observed on the right side in CYP1 to CYP3. Sudhsbeuld not be attributed to the curvature
of the Poyang Lake flow, which was characterizediomall flow momentum, but to the
penetration of the near-bed Yangtze flow into tbgdng flow (Figure 10). This helical cell lost
its size by the time it reached CYP5. An anti-cloide cell emerged near the right side of CYP6
and continued to move downstream. As mentionedrégiee infer that the flow with a large
velocity near the surface rushed to the right kemdk abruptly changed its direction to the left
(Figure 5a), creating such anti-clockwise cell. Tdy@ographic steering near the bed, e.g., the
swell in the middle of CYP6, may also play a raigenerating this cell (Lyubimova et al.,
2020). At CYP4 and CYP5 a deep scour hole, 6 mefean that at CYP3 and 3 m deeper than
that at CYPG6, was observed. The hole appearedd¥@a8 and increased in size at CYP4, where
the core of the maximum velocity was well towaras left side. Its location was not
corresponding to the maximum velocity, but it wasmthe middle of twin helical cells, where
the downwelling flow occurred. Downwelling and uplivey flows related to the helical motions

can cause pressure difference at the bed, in eaoelsdefect to the hydrostatic pressure
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respectively, in rivers, and might be related @ itid-stream scour hole (Rhoads, 1996; Rhoads

et al., 2009; Yuan et al., 2018).

Figure 11 shows the vectors of the secondary wglsaperimposed on the contours of
the primary velocities during Survey 2. Upstreanthaf confluence, smaller velocities in the
Yangtze River were noted as the discharge was smettier in Survey 2 than in Survey 1.
Nonetheless, the velocity in the Poyang Lake owtithannel was much larger during the low
flow conditions, when the flow was not submergihg tlood plain. A stagnation zone was

generated between the two flows at CYP1 and CYP2.

Twin helical cells at two sides of the stagnatione at CYP1 were small but still
discernible. They evolved rapidly into a singleachel-scale circulation, akin to the results of a
small confluence of Kaskaskia River and Copper @loiBradbrook et al., 2000; Rhoads and
Kenworthy, 1995, 1998), despite the different orfemagnitude. As in Survey 2 the velocity
ratio was about 1 (Table 1), the two tributarigadby attained similar flow momentum flux and
the velocity got distributed almost uniformly in €4. Comparatively, flow velocity
homogenization was more rapid in Survey 2 thanurv&y (Figure 6). Subsequently, the two
flows merged into a single stream and moved albeghannel bend as in the classical river
bend flow. A single, channel-wide, clockwise seamyctirculation occurred. It developed from
CYP3 to CYP9 and reached its maximum size at CYbQYP6, where the bend curvature
was the largest. Additionally, smaller aspect mttso helped in mixing, since low water level
constrained the flow to take place in a deep chafiihe locations of the scour hole at CYP3 and
CYP4 were close to the helical cell and the shegerl and far away from the local maximum
velocity. This location is also probably related/eoious turbulence structures within the shear

layer (Best 1987; Sukhodolov and Rhoads, 2001; 8&h&896; Rhoads et al., 2009; Yuan et al.,
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2018). As the core of maximum velocity was contdiitea deep channel, both large flow
velocity and secondary cells could generate a deapnel near the right bank, extending from

CYP5 towards the downstream, as in bend flows.

3.4 Suspended sediment transport

Figure 1(c-d) shows the depth-averaged suspendiuesat concentration during Survey 1 (17
locations) and Survey 2 (20 locations). In Surveldth discharge and sediment load were
larger in the Yangtze River than in the Poyang Lakilow. The mixing interface was apparent
(Figure 7) and it had a suspended sediment coratemtrof about 40 mg/L. It appears that the
sediment carried by these two streams did not neik @ven while reaching CYP6. This is
reflected by the low sediment concentration (15upgbserved on the right side of the channel

at CYP6, a concentration similar to that of théawffrom Poyang Lake.

In Survey 2, the main branch of the Yangtze Rivdmibt convey as much sediment as in
the high flow conditions and it had a concentratbbionly about 30 mg/L. However, the flow in
the right branch had large velocity due to lowerhgvater level and it sustained a larger TSS
concentration than was observed during Surveyttidarhigh flow conditions. The confluent
flows from the two branches increased the veldaithe narrowed cross-section and conveyed a
much larger sediment load, probably related todestiment resuspension (e.g., 147 mg/L at
CYP4). As for the Poyang Lake, the concentratiosuspended load was more than 90 mg/L,
which was much higher than in Survey 1. In the nmixnterface TSS concentration was about
80 mg/L. The sediments in these flows got mixe@¥P6 and the concentration dropped to 50
mg/L, much lower than the incoming concentrati@nfrPoyang Lake. Some locations were also
selected to measure the grain size of the suspdodddnd bed material in Survey 2 (Figure

12). Yangtze River and Poyang Lake had similar aredrain sizes of the suspended load.
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Poyang Lake was likely transporting only silt (W&B% of the particles less than 0.05 mm) and
clay (with 12% of particles less than 0.002 mm3uspension during Survey 2. However,
Yangtze River was transporting some fine sand (W% of particles larger than 0.05 mm) as
well as silt (silt comprising 82% and without clg¥igure 12). The grain size of bed material
differed markedly between each channel. Poyang baklemuch finer bed material than that of
the Yangtze River, and its median grain size wadg 5dum. Therefore, the Poyang Lake
channel carried more suspended load and was setjecsevere erosion during the high-

velocity periods of Survey 2 (Figure 3d).

Figure 13 shows the spatial variation of TSS cotreéion (represented by valuesRB)
for Survey 1. The two branches of the Yangtze Rmerged and mixed their masses, including
the suspended load. The two branches of the Yamgtar joined together and came to the
almost uniform axial velocity in the left part oi¥®0 (Figure 8). The mixing of suspended
sediment was not quite complete further downstraa@YP1. The mixing of Yangtze and
Poyang Lake sediment was also impeded, with htibdng before CYP5 and full mixing not
apparent until CYP9 section, downstream of the CAaparently it was difficult for Yangtze
River sediment to move laterally across the dowhmgeflow of the shear layer. Suspended
sediment transport was likely affected by the falnotion and moved along the flank of the
scour hole. A deep scour hole, having very litddiment concentration in it, was well
maintained. The highest concentration of sedimex# tnansported along the flanks of the scour
hole; as a consequence, the scour hole was reat filb. Similar observations were made on
movement of bed load in the laboratory by Mosleg/7@) and Best (1988), as well as in a small
river confluence by Boyer et al. (2006). Suspended in a large braid-bar confluence

(Szupiany et al., 2009) also exhibited similar dea@s. The clockwise secondary cell on the left
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side restricted the movement of the suspended sadimntil an anti-clockwise secondary cell
appeared at CYP6 and nullified this constraint #wedcore of sediment was pushed to the right
side. As a result, it was not possible to maintaeénscour hole observed at CYP4 and CYP5 any
further. Besides the effects of the helical motjaghe shear-driven turbulence within the mixing
interface may also affect the mixing of suspendstinsent between two flows (Lane et al.,
2008). The frequency of these KH vortices withia hear layer was about 20 s (Figure 7), and
their sizes were about 20 m by drone observat©ompared with the river width, the scale of
shear-driven turbulence might not have a signitiedfect on the mixing. Lane et al. (2008) also
presented the similar conclusion that mixing dribgriurbulent shear associated with a near-

vertical shear layer was restricted close to thetjon.

Figure 14 shows the spatial distribution of TSScamtration (represented by values of
RB) in Survey 2. The left branch of the Yangtze Riwveth a low sediment concentration,
merged with the right branch and the sediment walsmixed at CYPO. As for mixing of the
Yangtze and Poyang Lake flows, just as in Surveiid channel-size secondary cell prevented
the highest sediment concentration to move actesfdw. Thus, transport of sediment to the
right side was impeded. Without this effect frora townwelling flow, the sediment could have
moved over the deepest part of the channel prengtiie development of the scour hole.
Because of downwelling flow, even at CYP8, the it could not be distributed uniformly
across the section. In this case, a local scowr Wwak not formed as the channel-size secondary

cell emerged, leading instead to the formation déep bent channel.

3.5 Depth-averaged flow velocity and suspended load

Figure 15 shows the spatial distribution of depthraged TSS concentration

(represented bRB) and depth-averaged flow velocity at the confleefor two surveys. These
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distributions were not always each other consistem depth-averaged momentum flux
represents the ability of the primary flow to casgdiment. Sediment concentration was also
largely determined by secondary currents, and tanbuliffusion, as well as by entrainment

from the bed. The mismatch between the velocitythedsediment concentration reflects some
fundamental differences between the transport nmesims of momentum and sediment. It could
be due to the presence of the secondary curredt®amlesser degree other types of large-scale

coherent structures (e.g., the shear-driven KHambties at the mixing interface).

From the two surveys, it can be seen that theiloligions of flow velocity and sediment
concentration are more consistent in Survey 1.natency emerged mainly at CYP5 and
CYPG6, where the velocity was uniform, whereas tighdst TSS concentration was confined to
the left side, apparently by the presence of thekslise helical cell, looking downstream. After
CYP6, the sediment moved laterally to the righesadd was gradually mixed, likely because of
the anti-clockwise cell. In contrast, in Surveytiey were less related over the stretch extending

up to CYP8 because of the channel-size second#ry ce
3.6 Discussion

So far, the bed morphology, flow dynamics and sndpd sediment transport at the large
channel confluence of the Yangtze River and theaRgy.ake outflow were presented
separately. In this Section, they are comparatidedgussed with those observed in previous
studies (e.g., Best, 1987, 1988; Boyer et al., 28@8sons et al., 2007; Parsons et al., 2008; Lane

et al, 2008; Szupiany et al., 2009; Constantinesal., 2011).

A conceptual model for flow dynamics at channelf@nces was proposed by Best
(2987), which consisted of six distinct regionswlstagnation, flow deflection, flow separation,

maximum velocity, gradual flow recovery and theahayer. In this study, most of these flow
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features were found, barring the zone of flow safpamn. In a flume confluence with a sharp
angle (e.g., Yuan et al., 2018), it was easy td &rseparation zone as a tributary enters the main
channel. However, in a natural river confluencevflesually cannot separate from the relatively
streamlined bank (Constantinescu et al., 2011)u@hahe flow does not separate from the bank,
the strong bank curvature may induce the formatfamthin shear layer of high vorticity,
separating the core of high streamwise velocitynftbe region of low streamwise velocity near
the bank (Constantinescu et al., 2011). That thvaea wide region of low streamwise velocity
between the left bank and the core of high strea@welocity (from location CYP1 to CYP5)
confirms the occurrence of such a phenomenon irgt¢arRiver. A stagnation zone was
discernible at CYPO in Survey 1 and also over gdarea of CYPO and CYP1 in Survey 2. In
Survey 2, both flows, having similar momentum flaxe able to separate from the inside banks
to form a large stagnation zone when the confluamcge is large. Downstream of the

stagnation zone, eddies from each flow were alteippahed into the mixing interface and
develop into quasi-2D vortices (Figure 7). Thisqass is similar to the vortex shedding

responsible for the development of vortex pairikgkil and Constantinescu, 2009).

It was commonly accepted that the secondary floeieweak and spatially constrained
in large rivers due to large width-to-depth ratidbse occurrence of dual, counterrotating helical
cells was documented in field studies of smallris@fluences (Rhoads, 1996; Rhoads and
Kenworthy, 1998; Rhoads and Sukhodolov, 2001; Gonistescu et al., 2011). Very weak
helical cells were also observed in a large bralodconfluence (Szupiany et al., 2009). Twin
surface-convergent helical cells on either sida ofixing interface in the vertical plane were
observed, and were attributed to the curvatur@®two combining flows (Bradbrook et al.,

2000; Rhoads & Kenworthy, 1995, 1998; Sukhodolad &okhodolova, 2019). It was important
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to note that streamwise-oriented vortical cellduiced by the presence of a large junction angle,
were not related to the secondary instability teteloped along the core of the KH rollers
within the mixing interface (Constantinescu et 2011). Their development was largely affected
by the planform of the downstream channel. The postluence flows contained a single
channel-size circulation because of the curvat@itbeoriver planform. The curvature of the
downstream river planform and the momentum fluthefconfluent flows mainly determined

the strength of this channel-size circulation dmeldtreamwise distance over which it maintains
coherence. In the present study, having largegatiovidth to depth, this kind of channel-size
circulation was also observed in Survey 2. Thislgitaptured the evolution process of dual
helical cells when two flows had a large different@ow momentum flux. One helical cell was
caused by the curvature of the Yangtze River witlrge flow momentum; while the other
helical cell was generated by the penetrationsofi@ws into the Poyang Lake flows. The
momentum flux of the Poyang Lake flow by itself wae small to cause such a large helical
cell. Furthermore, this helical cell mostly decagesdhe lateral uniform velocity occurred near
CYP5, while the helical cell caused by the curvatirthe Yangtze River got stronger because
of the larger curvature there. Another interesthgervation is that a large anti-clockwise helical
cell occurred near CYP6 which was likely relatedh® substantial deflection of the flow or
topographic steering near the bed because of piaaform. In due course of time it grew into a

channel-size circulation.

In summary, in spite of the ratio of width to dep#ing large, large-size secondary
circulations were observed in this study. They waegnly attributed to the curvature of the
Yangtze River at the confluence and the penetratiots flow into the Poyang Lake flow. The

secondary circulations caused by the flow penetnadre much larger than previously observed
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in Rio Parana confluences, where the small cureatfithe main stream restricted the secondary
motions observed by Szupiany et al. (2009), anditime roughness (approaching 2.2 m) scaling
with the flow depth (~7 m), the small curvaturetlod main stream, and the pronounced bed
discordance (the tributary being up to 6 meteri@har than the main stream) could all have

affected the occurrence of the secondary circulatmbserved by Parsons et al. (2007).

Previous studies in large river confluences hawadathe influence of the helical
motions on the sediment transport and bed morpldtmge small. They correlated the sediment
transport process with the turbulence level of flBased on laboratory studies it has been
reported, qualitatively (Mosley, 1976) as well asutitatively (Best, 1988), that the largest bed
load transport pathway occurred essentially arabhageriphery of the scour hole. This in turn
helps to maintain the scour hole. For a small reafluence, high transport rate of bed load
occurred at the edges of the shear layer regiomeninaizontal vertical cross stresses were
high (Boyer et al., 2006). It was also observed énasion occurs along the shear layer, which
matched with changes noticed in the bed morpholbgyhest concentrations of suspended
sediment in large river confluence were found althregflank of the scour hole lying within the
two enjoining flows (Szupiany et al., 2009). Theyggested that the phenomenon is related to
the high turbulence levels of the shear layeratgeér channel confluences, however, the
secondary currents may be too weak and/or spatgslyicted to have any significant influence
on these cores of high sediment concentration. thefess, Lane et al. (2008) indicated that the
large-size secondary circulation was beneficidhtorapid mixing of two large confluent rivers.
In the present study, channel size secondary dsregapeared to affect suspended sediment
transport. The upstream regions of higher velaoitthe Yangtze River control the sediment

input, which then moves along a distinct corridortioe left of the downstream channel. The
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helical motions on the left side restricted the9fthe core of high sediment concentration,
while the downwelling flows acted as a barrier greting sediment mixing between the two
rivers. Although the reverse helical motion obsdraeCYP6 during the high flow condition did
not impede the sediment mixing, its enhancementiring was comparatively small. The
secondary flow velocity was one order of magnitealler than the primary flow velocity, i.e.
the lateral movement of water particles and sedimais much slower compared with the
streamwise movement, and thus the complete mixiegroed downstream of the confluence
zone, at CYP9. The KH vortices within the sheaefagaused by shear driven turbulence are
considered as a factor for water mixing betweendwmfluent flows. However, their influence
depends on the frequency of shedding and the et#e vortex. In this study, it is expected that
their effect was limited as their sizes were twdens of magnitude smaller than the river width.
Furthermore, their strengths largely decayed as¢haity difference between the two streams

gradually decreased downstream.

As regards the bed morphology of the river confaggmany field surveys (Biron et al.,
1993; Boyer et al., 2006; Rhoads et al., 2009)labdratory experiments (Best, 1988; Guillén-
Ludefa et al., 2015, 2016; Leite Ribeiro et al120n sediment transport and morphology at
river confluences were conducted in the past. Quftav hypotheses were proposed for the
origin of the mid-stream scour hole, such as thgeldlow velocity, strong turbulence, the effect
of the shear layer or the curvature-induced hetizallation (Best, 1988; Guillén-Ludefa et al.,
2015, 2016; Leite Ribeiro et al., 2012; Rhoadd.e2809; Sukhodolov & Rhoads, 2001). Recent
work by Yuan et al. (2018) showed that the intests=ar towards the bed by downwelling and
upwelling flows, resulting from helical motions veeresponsible for the mid-stream scour hole

in a flume confluence. This conclusion also seenisetreasonable to explain the bed
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morphology observed herein. The local scour holghtrbe related to the twin helical motions
with the downwelling flows in the middle, as theyutd allow the movement of sediment to take
place along the flanks of the hole, thereby helpmmaintain the hole. A long-surviving helical
cell, just like the one induced by the bend plamfan Survey 2, could lengthen the hole into a
deep channel. The hole disappeared downstream tivbdrelical motions weakened, or when a

reverse helical cell occurred, in Survey 1.

4 Conclusions

Two field surveys were conducted to investigaterbgignamics, suspended sediment
transport and morphological features of a largerroonfluence between the Yangtze River (the
largest river in China) and the outflow channePolyang Lake (the largest freshwater lake in

China). The main important conclusions drawn from study are:

(1) The operation of the Three Gorges Dam is resiptenfor the erosion of the Yangtze
River channel near the confluence apex. It didafieict the bed elevation of the Poyang Lake

outflow channel.

(2) The confluence of the Yangtze River and theaRgylLake outlet is almost
concordant. Mixing of flow momentum and suspendsdiment were relatively slow, especially

during high flow conditions.

(3) Channel-size secondary flows, like the duaintersrotating cells in high flow
conditions and a single secondary cell during Imwfconditions, were observed near the

confluence. This contrasts the common belief thatstale of the helical cells should get
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constrained because of an increase in the formhreags associated with large width-to-depth

ratio of the channel.

(4) Occurrence of these helical cells was mairiytatted to the curvature of the main
stream and the penetration of the main flow ineftow from the tributary. The helical cells

caused by the latter are much stronger than ttedated to the former.

(5) The helical motions restrained the core sizkigh sediment concentration, while the
downwelling flows acted as a partition that preeente mixing of sediment carried by the two
rivers. Depending on the frequency of sheddingtaedcale of the vortex, the effects of the
shear-driven turbulence within the mixing interfaggpeared limited, although turbulence data

would be needed to confirm this.

(6) The local scour hole was likely related to tiven helical motions with the
downwelling flows in the middle, as they could ragtthe movement of sediment to take place
along the flanks of the hole, thereby helping tontaan the hole. A long-surviving helical cell

was likely beneficial to stretch the hole to forrdeep channel.

(7) During the low flow conditions, the scour hdisappeared downstream as the helical
motion became weaker. In high flow conditions,\&erse helical cell enhancing sediment

mixing and affecting the development of the scanlehwas observed.

(8) This large river confluence exhibited a stramgraction among the different hydro-
morpho-sedimentary processes. Channel planforntrendischarge ratio affected the flow
dynamics, especially the helical motion. The hélication near the CHZ impacted sediment

transport and, thus, local bed morphology.
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Figures Caption List

Figure 1. Map of Yangtze River basin indicating the locataf the confluence between Yangtze
River and the Poyang Lake at the middle and lo@ach of the Yangtze River (near 29.75N,
116.22E) (a) and the locations of hydrologicalisteg and islands (b); and measurement setup at
the confluence: (c) Survey 1 during the high flamnditions in 10-14 August 2018; (d) Survey 2
during the low flow conditions in 8-12 December 80The yellow lines mark the cross sections
for measurement. Survey 2 has an additional crexssos, namely CYP8-A, as well as a split
CYPO due to the low water level. The values onittiieeges (c-d) represent suspended sediment
concentration (with units of mg/L). The study redas a length of about 8 km, with some

widest cross sections about 3 km wide.

Figure 2. Annual variation of water level and flow dischaggeliujiang and Hukou stations, and
two surveys setup, one in the high flow conditiand the other in the low flow conditions, with
a large difference on water level of about 5.8 ime Water level is according to the frozen base

level whose zero datum is 1.91 m higher than th&®85 National Height Datum.

Figure 3. Bed elevations (water level minus water depththefconfluence (with units of m)
before the operation of the Three Gorges Dam imlxt2001 (a), and after that in October
2016 (b), and Survey 1 (c) and Survey 2 (d). Thaaas of 2001 and 2016 were supplied by
Bureau of Hydrology and Water Resources of the lrdeaches of the Yangtze River; and
contours of 2018 were calculated by the minus efwhter level at Hukou Station and the water
depth of the whole study site measured by ADCP. grbéles of the cross sectional bed surface

at CYPO (e), CYP2 (f) and CYP5 (g) are also platted
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(Note that according to the water level differebeéween Jiujiang (about 19 km upstream of
Hukou), Hukou, Anging (about 129 km downstream akél), the approximate water surface
slope of this reach of the Yangtze River was 0.03&¥4svey 2) ~ 0.028%o (Survey 1). That is,
the difference of water level between upstreamdowinstream boundary (totally about 8 km
long) was about 21 cm. The water level of the ddwmasn boundary was 15.8 cm lower than
that in Hukou, and that of the upstream boundabBy2scm higher than that in Hukou.
Comparing to the difference of bed elevation dedéent time, this difference of water level was
neglected. Hence, only the water level at Hukourdlical Station was used to represent that

of the whole study site).

Figure 4. Sediment concentration at Jiujiang and Hukou hyijichl stations before and after

the operation of the Three Gorges Dam.

Figureb5. Vectors of vertically-averaged flow velocities@dirvey 1 (a) and Survey 2 (b) with

units of cm/s.

Figure 6. Difference in depth-averaged velocity magnitutié depth-avg left image) and in flow

direction ADir; right image) between Yangtze River and Poyaake in two surveys. The

horizontal axis shows the distance from the comiteeapex near CYPO.

Figure 7. Photos of the mixing interface in Survey 1.

Figure 8. Secondary flows in all cross sections for the ¢gageugust Survey 1, looking

downstream. (Vector: secondary velocity; contouimpry velocity with units of cm/s)
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Figure 9. Raw data of velocity field (left image) and th¢ated data by Rozovskii method (right
image) at the left side of CYP2 (a), CYP4 (b), &P6 (c) in Survey 1, looking downstream.

(Vector: secondary velocity; contour: primary vetgavith units of cm/s)

Figure 10. Raw data of velocity field (left image) and theéated data by Rozovskii method
(right image) at the right side of CYP2 (a), CYB3, @nd CYP4 (c) in Survey 1, looking

downstream. (Vector: secondary velocity; contouimpry velocity with units of cm/s)

Figure 11. Secondary flows in all cross sections for the gag@ecember Survey 2 (Vector:

secondary velocity; contour: primary velocity withits of cm/s).

Figure 12. Grain size distribution of suspended sediment sasmalken from the YR, the PL and
the confluent zone in Survey 2. Note that ‘SS'uspgended load, and ‘BM’ is bed material. The
median grain size, 43, values of bed material in the Yangtze River wie8&um (I-R), 279um
(CYPO-L) and 162um (left part of CYP1). On the other hand, for thamnel out of Poyang
Lake, Do at P3 was 2@m, and at CYP1 (right part) was fimh. At the middle of CYP1 where
the two flows combine, £ of bed material was 50m. Dso of suspended load of the Yangtze

River and the Poyang Lake were v and 14um, respectively.

Figure 13. Spatial distribution oRB (representing suspended sediment concentratial)) in

cross sections in Survey 1 (Vector: secondary vigtocontour:RB).
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Figure 14. Spatial distribution oRB (representing suspended sediment concentratial)) in

cross sections in Survey 2 (Vector: secondary vigtocontour:RB).

Figure 15. Depth-averaged suspended sediment concentratipresented byRB) and depth-

averaged flow velocity at the confluence for twovays.
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Table 1.

Main geometric and hydraulic characteristics of¢befluence

Survey 1

Survey 2

Characteristic parameters

Yangtze River Poyang LakeYangtze River Poyang Lake

DischargeQ (m?3/s) 18227 3679 8294 3974
Mean flow velocity,U (m/s) 0.91 0.28 0.86 0.74
Width, W (m) 1930 1562 1133 661
Mean depthH (m) 10.2 8.5 8.8 7.7
WIH (-) 189 183 129 86
Confluence angle (°) 58 58
Discharge ratioQr (-) 0.2 0.5

Mean flow velocity ratioJr (-) 0.31 0.86

Flow momentum ratiovir (-) 0.06 0.41

Note: Flow momentunM is calculated byQU, wherep is the water density. The
discharge of the Yangtze River excludes that obtlamch at the left of the Zhangjia

Island.
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