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Abstract: The mixing degree upstream of the diverging area is one of the important factors influencing the pollutant allocation
characteristics of braided rivers, but the effect remains unclear at present. In this paper, physical model tests were designed to
study the effect on the pollutant flux ratio with six branching forms and a series of longitudinal discharge distances. The results
indicated that the mixing degree upstream of the diverging area, which is closely related to the longitudinal discharge distance,
notably affected the pollutant flux ratio. The lower the mixing degree, the larger was the deviation of the pollutant flux ratio
from the discharge ratio. Moreover, a linear relationship was attained between the dimensionless mixing degree and the
dimensionless deviation of the pollutant flux ratio from the discharge ratio. Consideration of different branching angles or
different water layers or different branches did not affect this trend. The experimental results further demonstrated that the
intercept and slope of the aforementioned linear relationship depended on the branching angle and exhibited an opposite
monotonicity with a symmetric branch angle as the dividing point. These results help towards a better understanding of the
mechanism of the factors influencing pollutant transport in complicated braided rivers, and provide a new approach to
predicting the pollutant flux ratio of braided rivers.
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Linear relationship

1 Introduction

River pattern includes meandering, braiding, and
relatively straight rivers (Leopold and Wolman, 1957).
In the classification proposed by Leopold and Wolman
(1957), rivers with branching structures are included
in braided rivers. Braided rivers are widely distributed
on the earth. For example, in Northern Eurasia up to
35% of total river length is characterized by this pat‐
tern (Alexeevsky et al., 2013). Compared to a single
river, the spatial complexity of a braided river is higher
(Chalov and Alexeevsky, 2015).

A river with branching structure is composed of
an upstream mainstream and at least two downstream
branches, and the upstream flow is divided in the
diverging area, as shown in Fig. 1. When water flows

into the diverging area, it can be diverted and the flow
direction can be altered. The process exhibits notable
3D turbulence characteristics.

In braided rivers, the pollutant diffusion and allo‐
cation are of great significance, and usually are a
difficult problem. The concentration distribution and
pollutant flux ratio are influenced by many factors,
such as branching angle, pollutant discharge distance,
anabranch width ratio, slope, upstream flow rate, and
so on. These conditions can become increasingly com‐
plex, especially when pollutants in the upstream stream
are still in the first or second stage of diffusion. These
influencing factors are the research focus of scholars.
Much valuable research has been carried in the field
of transport and diffusion characterization in braided
rivers.

Li and Zhao (1994) studied diffusion and mixing
patterns in braided rivers under the effect of the dis‐
charge position and incidence momentum. However,
they did not consider the relationship between dis‐
charge ratio and pollutant flux ratio, nor was the
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relationship between the mixing degree and pollut‐
ant flux ratio accounted for. Hua and Gu (2008) ex‑
amined the effect of the upstream flow rate and ana‑
branch width ratio on the concentration distribution in
each branch. Their findings revealed that the pollutant
flux ratio increased with increasing discharge ratio.
Hua et al. (2013a) further studied the pollutant trans‐
port and mixing characteristics of a braided river with
three branches. They found that the pollutant dis‐
charge position (the transverse distance) was the main
factor influencing the pollutant transport process. In
addition, Hua et al. (2013b) investigated pollutant
transport in a braided river and evaluated the effect of
the upstream flow rate and discharge location on the
pollutant concentration distribution. Gu et al. (2011a)
investigated the effects of the upstream flow rate,
anabranch width ratio, and discharge location (the
transverse distance) on the pollutant concentration dis‐
tribution in downstream branches. They reported that
the pollutant flux ratio increased with increasing
discharge ratio under central discharging. Gu et al.
(2011b) studied the effects of the discharge location
(transverse distance), upstream velocity, and anabranch
width ratio on the pollutant mixing characteristics of
braided rivers. Similar studies have also been per‐
formed by Ji et al. (2012). Yang et al. (2015) simulated
the evolution process of a braided river dominated by
suspended load transport and concluded that there was
a close relationship with the periodical erosion and
deposition cycles of braiding. Chalov and Alexeevsky
(2015) believed that due to water partitioning along
channels, sediment transport was affected signifi‐
cantly and that flow pattern alterations along a braided

reach induced changes in the amount and types of
mobilizing sediments. Redolfi (2015) investigated the
effect of the flow unsteadiness on the sediment trans‐
port in a braided river. Okuyade and Abbey (2016)
proposed a hydrodynamic model for pollutant diffu‐
sion in braided rivers for studying the role of river
dynamics in the pollutant diffusion process. The results
demonstrated that the branching angle, Reynolds
number, and temperature difference could increase the
flow velocity, which affected pollutant diffusion in the
River Niger. Hunyun et al. (2019) used a transient
storage model to analyse the behavior of contaminants
entering a braided river. Similar studies have also
been performed by Lee and Seo (2007) and Jiang et al.
(2006). Khan and Sharma (2018, 2019) analyzed the
turbulence characteristics of flow around the island in
a braided river model. Chalov et al. (2020) discussed
the downstream effects of pollutants spreading due to
hydromorphological gradients and associated changes
in sediment transport conditions along the braided-
meandering and deltaic distributary reach of the down‐
stream section of a large river and found quantitative
relationships between the ratio of particulate metals
sorting throughout depth in a single river channel and
the hydrodynamic conditions of sediment transport.
Das et al. (2022) described the sediment distribution
of different sediment sizes for a branching angle of
37° and used three different sizes of sediment to inves‐
tigate the influence of sediment distribution over the
branches. Lu et al. (2022) set up a morphodynamic
numerical model in the local braided channel of the
Tuotuo River. Their results suggested that an increas‐
ing discharge significantly altered the characteristics
of water and sediment movement.

There are many studies on transport of pollutants
and sediment in braided rivers. Some scholars (Chalov
and Alexeevsky, 2015; Redolfi, 2015; Chalov et al.,
2020) have focused, based on abundant regional stud‐
ies, on long-term sediment transport changes. In addi‐
tion, certain factors, such as the upstream flow rate
(Hua and Gu, 2008; Gu et al., 2011a, 2011b; Hua et al.,
2013a), anabranch width ratio (Hua and Gu, 2008; Gu
et al., 2011a, 2011b), branching angle (Okuyade and
Abbey, 2016), discharge position (Li and Zhao, 1994;
Gu et al., 2011a, 2011b; Hua et al., 2013a, 2013b),
have been examined from different aspects and per‐
spectives. However, at present, research on the charac‐
teristics of transport and diffusion in braided rivers is

Fig. 1 River with branching structure: map from the
SIWEI Earth
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still insufficient. The relationship between the pollu‑
tant flux ratio and the discharge ratio requires further
study. Previously, researchers have considered the
effect of the discharge position, but in-depth research
on the impact of the longitudinal distance is lack‐
ing, and the effect mechanism of the mixing degree
upstream of the diverging area has not been directly
studied. The mixing degree upstream of the diverging
area is closely related to the longitudinal discharge
distance. One way to resolve this problem is to con‐
duct a systematic experimental study on the longitudi‐
nal discharge distance and the mixing degree upstream
of the diverging area. Pollutant diffusion in water can
be studied by numerical simulation, and there are
many related studies (Peng et al., 2021). However,
considering the strong 3D turbulence characteristics
of braided rivers, the physical model is more direct.
This paper focuses on the mixing degree upstream of
the diverging area, which is closely related to the lon‐
gitudinal discharge distance of the point source. A
physical model is employed as the main means of
studying the relationship between the pollutant flux
ratio and corresponding discharge ratio under the
effect of the mixing degree upstream of the diverging
area. This study helps towards a better understanding
of the mechanism of the factors influencing pollutant
transport in braided rivers.

2 Experimental setup

2.1 Model construction

The physical model comprised a water supply
system, branch flume, backwater system, tracer liquid
addition system, and measurement system. The branch
flume was made from perspex, and comprised an
upstream mainstream and left and right branches. The
flume simulated a braided river with a width ratio of
1.0. The branching form with two branches is a com‐
mon form in braided rivers. The anabranch width ratio
was 1.0, which meant that the influence of that ratio
was excluded in the tests. The upstream mainstream
flume section had a length of 9.6 m, and all corre‐
sponding cross-sections were rectangular, with a width
of 0.30 m and a height of 0.25 m. The mainstream of
the flume needs sufficient length to arrange a series of
measuring points in order to form a differentiated dif‐
fusion process. The left branch flume was 4.8 m long,

all cross-sections of which were rectangular, with a
width of 0.30 m and a height of 0.25 m. The left
branch exhibited a fixed branching angle θ1, i.e., 45°.
The branch also needs enough length to adjust the
flow to a gradual flow so that the measurement can be
carried out in a relatively stable flow. The right branch
flume was 4.8 m long (length of the right bank), and
all corresponding cross-sections were rectangular, with
a width of 0.30 m and a height of 0.25 m. The right
branch θ2 had a variable branching angle ranging from
15° to 90°. The overall slope of the branch flume was
zero, as shown in Figs. 2 and 3. The water fell into
the backwater system. The longitudinal discharge dis‐
tance Lf is the distance from the discharge point to the
branching vertex.

The coordinate system was set as follows: the
x-coordinate axis was set along the flow mainstream
direction, and the y-coordinate axis was set trans‐
versely in the plane. The z-coordinate axis was estab‐
lished along the water depth direction. The zero point
of the z-axis was set at the bottom plate of the flume
and the upward direction was considered positive.

The representative section upstream of the diverg‐
ing area was selected based on the following prin‐
ciples: the section should occur close enough to the
diverging area and should be less affected by the
diverging area and basically maintain the flow struc‐
ture characteristics of a single channel, as shown in
Fig. 2.

Fig. 2 Sketch of the braided river model

Fig. 3 Model photo
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Six groups of plane branching angles were estab‐
lished. The branching angle ranged from 15° to 90°,
as indicated in Table 1 and Fig. 4.

2.2 Simulation of pollutant discharge

A sodium fluorescein solution, a dynamic inert
conservative tracer, was adopted to simulate water pollu‑
tants. The tracer solution concentration was 20.0 mg/L,
and the discharge amount reached 1.70 mL/s. The
x-coordinate of the discharge point was determined
by the test conditions. The y-coordinate was −15 cm
(central discharge). The height of the discharge point
occurred close to the free surface. The sodium fluores‐
cein solution was discharged at the discharge point at
a constant flow rate through the pump, and the dis‐
charge outlet was vertical to the liquid level. The con‐
centration was measured at positions downstream of
the discharge point, such as the representative section
upstream of the diverging area and the ends of the
left and right branches, as indicated in Figs. 5 and 6.
In order to obtain sufficient concentration informa‐
tion, there were two measuring positions in the water
depth direction. One was the surface layer, which was
10.0 mm below the water surface, and the other was
the bottom layer, which was 11.5 mm above the bot‐
tom plate. Based on the principle of monochromatic
light-induced fluorescence detection concentration
(LIF), the concentration could be measured by detect‐
ing the fluorescence intensity. Under the excitation of
a laser, the fluorescent substances produced fluores‐
cent light intensity reflecting their concentration, as
indicated in Fig. 7.

Table 1 Parameters of the branching forms

Branching
form

1

2

3

4

5

6

θ1 (°)

45

45

45

45

45

45

θ2 (°)

15

30

45

60

75

90

Length of left
bank in left
branch (m)

4.80

4.80

4.80

4.80

4.80

4.80

Length of right
bank in right
branch (m)

4.80

4.80

4.80

4.80

4.80

4.80

Fig. 4 Diagram of the six branching forms Fig. 6 Fluorescent solution discharge device

Fig. 5 Sketch of the discharge points and measurement
sections
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A series of longitudinal discharge distances was
determined for each branching form, which ensured
that the tracer experienced the first or second diffu‐
sion stage before entering the diverging area. The first
or the second stage of diffusion indicated that the
upstream pollutants do not diffuse uniformly in the
cross-section when entering the diverging area. The
first diffusion stage suggests that pollutants are non-
uniformly mixed along the transverse and vertical
directions, while the second diffusion stage indicates
that pollutants are basically uniformly mixed along
the vertical direction but non-uniformly mixed along
the transverse direction. At the third diffusion stage,
water pollutants are basically uniformly mixed in the
cross-section.

The mainstream section with x=−50 cm was
selected as the representative section upstream of the
diverging area for studying the role of the longitu‐
dinal distance in pollutant allocation.

2.3 Basic parameters

Table 2 shows the representative hydraulic para‑
meters during the tests.

The discharge ratio Sf was calculated according
to Eqs. (1)–(3), and the pollutant flux ratio Sp was
calculated according to Eqs. (4)–(6). The subscript 1
represents the left branch, and the subscript 2 repre‐
sents the right branch.

Sf1 =
q1

Q
 (1)

Sf2 =
q2

Q
 (2)

Q = q1 + q2 (3)

where Q denotes the total flow rate, and q1 and q2 are the
flow rates in the left and right branches, respectively.

Sp1 =
p1

P
 (4)

Sp2 =
p2

P
 (5)

P = p1 + p2 (6)

where P denotes the total tracer discharge amount,
and p1 and p2 denote the tracer amounts in the left and
right branches, respectively.

3 Results and discussion

3.1 Pollutant flux ratio

The tests were based on a symmetrical branch‐
ing form (branching form 3), including five asymmet‐
ric branching forms, covering a variety of size rela‐
tionships between the left and right branching angles.
The test results for six branching forms and the corre‐
sponding series of longitudinal distance are shown in
Figs. 8–13.

The test results indicated that the longitudinal
discharge distance Lf and pollutant flux ratio Sp of
each branch generally attained a monotonic relation‐
ship. Moreover, the pollutant flux ratio Sp exhibited a
trend indicating deviation from the corresponding dis‐
charge ratio Sf, resulting in the deviation of the pollu‑
tant flux ratio from the discharge ratio ΔSp (ΔSp=Sp−Sf).
The pollutant flux ratio of the branch with high dis‐
charge ratio was higher than the corresponding dis‐
charge ratio. In contrast, taking the branch with a low
discharge ratio, the pollutant flux ratio was lower than
the corresponding discharge ratio. This is consistent
with previous research results (Hua and Gu, 2008; Gu
et al., 2011a).

Further analysis revealed that |ΔSp| had a nega‐
tive correlation with Lf. The value of |ΔSp| varied
greatly, which reflected the complexity of diffusion in
braided rivers, especially when the diffusion process
has occurred at the first or second stage.

Table 2 Hydraulic parameters

Flume width,
B (m)

0.30

Water depth,
H (m)

0.042

Hydraulic
radius, R (m)

0.033

Average velocity,
V (m/s)

0.48

Flow rate,
Q (m3/s)

0.006

Sediment concentration,
SS (mg/L)

0.00

Froude
number, Fr

0.74

Reynolds
number, Re

15470

The representative section was located in the mainstream x=−50 cm

Fig. 7 Fluorescent solution measuring device
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3.2 Degree of mixing upstream of the diverging area

The above tests were carried out in the first or

second stage of diffusion. The first or second diffu‐

sion stage means that the upstream pollutants are

non-uniformly diffused in the cross-section before
entry into the diverging area. In the absence of other
factors, different longitudinal distances led to vary‐
ing cross-sectional concentration distribution upstream
of the diverging area.

Fig. 13 Results for the pollutant flux ratio: branching form
6, θ2=90°

Fig. 12 Results for the pollutant flux ratio: branching form
5, θ2=75°

Fig. 11 Results for the pollutant flux ratio: branching form
4, θ2=60°

Fig. 10 Results for the pollutant flux ratio: branching form
3, θ2=45°

Fig. 9 Results for the pollutant flux ratio: branching form
2, θ2=30°

Fig. 8 Results for the pollutant flux ratio: branching form
1, θ2=15°

738



J Zhejiang Univ-Sci A (Appl Phys & Eng) 2022 23(9):733-744 |

Adopting branching form 1 as an example, the
concentration distributions in the representative sec‐
tion upstream of the diverging area under different
longitudinal discharge distances are shown in Fig. 14.
C is the concentration, and y is the coordinate value
along the y-direction. The closer the discharge point

to the diverging area, the more uneven was the con‐
centration distribution, and the lower the mixing
degree. Therefore, at the first or second diffusion stage,
σ, a parameter capturing the mixing degree upstream
of the diverging area, could be considered in addi‐
tion to the longitudinal discharge distance Lf and the

Fig. 14 Concentration distributions in the representative section: branching form 1
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pollutant flux ratio Sp. Their relationship is that Lf

affected σ, and σ influenced Sp. Compared to the lon‐
gitudinal discharge distance Lf, the mixing degree
upstream of the diverging area σ was a more impor‐
tant influencing factor on the pollutant flux ratio Sp.

The following quantitative methods were pro‐
posed regarding the mixing degree upstream of the
diverging area σ: Gaussian distribution fitting was car‐
ried out to determine the concentration distribution in
the representative section upstream of the diverging
area. A width of one standard deviation of the fitting
curve was obtained for σ, which represented the mix‐
ing degree of the concentration and exhibited a length
dimension. The lower the value of σ, the more focused
is the concentration distribution in the cross section
and the lower the mixing degree. Under central dis‐
charge, the difference of the mixing degree can be dis‐
played intuitively, as shown in Fig. 15. It is obvious
that the mixing degree of the discharge point 1 is
lower than that of the discharge point 2, and σ1 is less
than σ2.

Eq. (7) is the basic Gaussian distribution func‐
tion, where μ is the position parameter. Based on this
function, Eq. (8) was applied to obtain the concentra‐
tion spatial curve by fitting, where C0, A, and PP are
fitting parameters.

f ( x) =
1

2π σ
e
-

( )x - μ
2

2σ2  (7)

C =C0 +A ´ e
-

( )y - PP
2

2σ2 . (8)

Hua et al. (2013b) proposed that the standard
deviation of concentration data represents the mixing
degree in the downstream branch, and the mixing
degree has been calculated with the basic standard
deviation equation. In this study, the concept of the
mixing degree was proposed, considering the section
upstream of the diverging area rather than the down‐
stream branch. The Gaussian distribution function
was applied rather than the basic standard deviation
equation.

3.3 Relationship between the mixing degree upstream
of the diverging area and the pollutant flux ratio

According to the above definition, combined
with the measured data obtained in the tests, a series
of σ, coefficient of determination R2, and peak posi‐
tion PP values were obtained via Gaussian distribu‐
tion fitting, adopting branching form 1 as an example
(please refer to Table S1 in the electronic supplemen‐
tary materials (ESM)). It can be seen that σ increased
with increasing Lf, but was negatively correlated with
|ΔSp|, as shown in Fig. 16. The lower the mixing
degree, the larger was the deviation of the pollutant
flux ratio from the discharge ratio.

To further study the regularity relationship be‐
tween ΔSp and σ, ΔSp and σ were nondimensionalized.
The dimensionless parameters of |ΔSp|/Sf and σ/(B/2)
were adopted for analysis. |ΔSp|/Sf is the ratio of the
absolute value of the deviation of the pollutant flux
ratio from the discharge ratio to the discharge ratio,
and σ/(B/2) is the ratio of the mixing degree to the
half-width of the flume cross section, where B is the
flume width.

Fig. 15 Sketch of the mixing degree σ

Fig. 16 Relationship between ΔSp and σ : branching form 1
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Adopting branching form 5 as an example, the
relationship between |ΔSp|/Sf and σ/(B/2) is shown in
Figs. 17 and 18 (results of other branching forms are
given in Figs. S2–S11 in the ESM). Under asym‐
metric branching, when the pollutant diffusion process
upstream of the diverging area occurred at the first or
second stage, the results of dimensionless treatment
revealed that, regardless of the branch considered
(either the left or right branch), there existed an app‑
roximately linear relationship between |ΔSp|/Sf and
σ/(B/2).

Regardless of the chosen layer (surface or bottom
layer), there occurred an approximately linear rela‐
tionship between |ΔSp|/Sf and σ/(B/2).

Both under the branching forms in which the left
branching angle was larger than the right branching

angle and the branching forms in which the left branch‐
ing angle was smaller than the right branching angle,
an approximately linear relationship was observed
between |ΔSp|/Sf and σ/(B/2).

Based on the above analysis, |ΔSp|/Sf and σ/(B/2)
attained the relationship as shown in Eq. (9).

||DSp

Sf

= a + b ´
σ

B 2
 (9)

where a denotes the intercept and b denotes the slope.
According to the selected water layers, this relation‐
ship generated surface and bottom curves. According
to the considered branches, the data were divided into
left and right branch pollutant flux ratio curves. The
linear fitting results are summarized (please refer to
Table S12 in the ESM).

The pollutant flux ratio can be calculated by the
following equations, as shown in Eqs. (10) and (11).
For a specific braided river, the pollutant flux ratio Sp

was only related to σ and Sf and did not depend on the
distance information and downstream pollutant data.

Sp1 =
ì
í
î

ïï

ïïïï

Sf1 + ||DSp( )σSf1  Sf1 > Sf2

Sf1 - ||DSp( )σSf1  Sf1 < Sf2
(10)

Sp1 =

ì

í

î

ï
ïï
ï

ï
ïï
ï
ï
ï

Sf1 + Sf1 ´ ( )a + b ´
σ

B 2
 Sf1 > Sf2

Sf1 - Sf1 ´ ( )a + b ´
σ

B 2
 Sf1 < Sf2.

(11)

Sediment is one of the important river character‐
istics. Sediment was not added in this test. It is neces‐
sary to consider the distribution, sorption, and release
capacity of sediment while considering the distribu‐
tion of pollutants. If the phenomenon of the sorption,
storage, and release of pollutants by sediments is
located upstream of the diverging area, the concentra‐
tion distribution upstream of the diverging area will
be affected. The sorption of pollutants by sediment
leads to the decrease of pollutant concentration in the
whole or part of the section, and the release of pollu‑
tants by sediments leads to the increase of pollutant
concentration in the whole or part of the section. The
mixing degree by Gaussian fitting method will no lon‐
ger accurately reflect the degree of pollutant diffusion.
However, one of the keys mentioned in this study is
that the mixing degree upstream of the diverging area

Fig. 18 Relationship between |ΔSp|/Sf and σ/(B/2): bottom
layer under branching form 5

Fig. 17 Relationship between |ΔSp|/Sf and σ/(B/2): surface
layer under branching form 5
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is the joint action of many factors, including the sorp‐
tion, storage, and release of pollutants by sediments.
The role of various factors is a process, and the con‐
centration distribution upstream of the diverging area
is the result. Therefore, for the pollutants existing
in water rather than sorbed by sediment, only the dis‐
tribution characteristics upstream of the diverging
area need to be considered. Of course, the phenome‐
non of the sorption, storage, and release of pollutants
by sediments will distort the existing linear relation‐
ship to some extent and the influence of the release of
pollutants by sediments is similar.

The pollutants simulated in this test were con‐
servative substances. If non-conservative pollutants
degrade after entering the water, it can be understood
as the continuous reduction of pollutants, which is
similar to the sorption of pollutants by sediments. The
focus of the problem is still the pollutant concentra‐
tion distribution upstream of the diverging area. Rela‐
tively speaking, the complexity brought by sediment
factor is higher than that of non-conservative sub‐
stances, because the former needs to consider the spa‐
tial relationship between the distribution of the pollut‐
ants and the sediment, as well as the relative relation‐
ship between the sorption or release capacity of pollu‑
tants by sediment and the quantity of pollutants.

3.4 Relationship between the linear coefficients
and the branching angle

According to Eq. (9), a denotes the intercept and b
denotes the slope in the linear relationship. Further ana‑
lysis reveals that a and b changed with the branching
form (branching angle θ2), as shown in Figs. 19 and 20.

The regularity relationship between a and θ2 is as
follows: When θ2<45°, the value of a decreased with
increasing θ2, and the value of a of the left-branch
curve was larger than that of the right-branch curve.
When θ2>45° , the value of a increased with increas‐
ing θ2, and the a value of the left-branch curve was
smaller than that of the right-branch curve. With the
symmetrical branching angle (θ2=45°) as the dividing
point, a and θ2 exhibited an approximate linear rela‐
tionship on both sides of the dividing point.

The regularity relationship between b and θ2 was
as follows: When θ2<45° , the value of b increased
with increasing θ2, and the b value of the left-branch
curve was smaller than that of the right-branch curve.
When θ2>45°, the value of b decreased with increasing

θ2, and the b value of the left-branch curve was larger
than that of the right-branch curve. With the symmet‐
rical branching angle (θ2=45°) as the dividing point,
b and θ2 attained an approximate exponential type
relationship on both sides of the dividing point.

The linear relationship coefficients and the bran‑
ching angle indicated an opposite monotonicity with
the symmetric branch angle as the dividing point. Con‐
sideration of different water layers or branches did not
affect this trend (please refer to Tables S13 and S14
and Figs. S15 and S16 in the ESM).

4 Conclusions

The aim of the present research was to deter‐
mine the effects of the mixing degree upstream of the
diverging area on the allocation characteristics of
braided rivers. The conclusions are as follows:

1. Under asymmetric branching, when the pollu‑
tant diffusion process upstream of the diverging area
occurred at the first or second stage, the pollutant flux

Fig. 20 Relation curve of b and θ2: surface layer

Fig. 19 Relation curve of a and θ2: surface layer
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ratio exhibited a trend of deviating from the corre‐
sponding discharge ratio. The mixing degree upstream
of the diverging area, which was closely related to the
longitudinal discharge distance, notably affected the
pollutant flux ratio. The lower the mixing degree, the
larger was the deviation of the pollutant flux ratio from
the discharge ratio. A linear relationship was attained
between the dimensionless mixing degree σ/(B/2) and
the dimensionless deviation of the pollutant flux ratio
from the discharge ratio |ΔSp|/Sf. Consideration of dif‐
ferent branching angles or different water layers or
different branches did not affect this trend.

2. The intercept a and slope b of the linear rela‐
tionship between |ΔSp|/Sf and σ/(B/2) varied with the
branching angle θ2. Coefficients a and θ2 attained an
approximately linear relationship. Coefficients b and
θ2 exhibited an approximately exponential type rela‐
tionship. The linear relationship coefficients and the
branching angle indicated an opposite monotonicity
with the symmetric branch angle as the dividing point.

3. In this study, the concept of the mixing degree
upstream of the diverging area helps to explain that
other factors in the section from the discharge point to
the diverging area, which can alter the mixing degree
upstream of the diverging area (such as incident angle
and incident momentum), can also affect pollutant
allocation downstream by influencing the mixing
degree. Their comprehensive effect is finally reflected
in the mixing degree. This research is helpful in better
understanding the mechanism of the factors influenc‐
ing pollutant transport in complicated braided rivers.

4. This study provided a new approach for pre‐
dicting the pollutant flux ratio of a braided river,
namely, the pollutant flux ratio can be indirectly deter‐
mined by the concentration distribution in a represen‐
tative section upstream of the diverging area. The cur‐
rent limitation of this method is that it is only applica‐
ble to central discharge conditions, and the calculation
accuracy of the linear relationship has not been veri‐
fied in practice. Although the above results are prelim‐
inary results and suffer limitations, this study revealed
the regularity relationship between the mixing degree
upstream of the diverging area and the pollutant flux
ratio. In future work, data from actual rivers should
be obtained in comparative research as far as possible,
and the comprehensive effect of transverse and longi‐
tudinal positions on the pollution allocation character‐
istics should be considered.
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