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Abstract

The understanding of the mechanisms underlying the diffusion, advection, and mixing of pollutants
constitutes a crucial aspect in monitoring water resources quality, particularly in the context of river
systems. The longitudinal dispersion coefficient holds significant importance in predicting and illustration
of pollutants in river systems. The current study investigated the advection and dispersion of pollution in
meandering rivers experimentally. A series of experiments were undertaken to quantify the tracer
concentration within a laboratory flume. The meandering flume with 8 bends was used to consider
variation of tracer concentration for different discharges and solid and sedimentary beds. Utilizing the
collected experimental data and employing the routing process, the longitudinal dispersion coefficient
was determined across various segments of meandering rivers. Comparison of results for both solid and
sedimentary bed indicates that as the flow discharge increases, the tracer's transfer speed increases while
the transfer time decreases. Consequently, the difference between the peak concentration of tracer on the
hydrographs (Cr) of input and output sections in the range of 21 to 100 percent decreases. Furthermore,
by changing the bed from solid to sedimentary, Cr and the longitudinal mixing coefficient (D) increased
noticeably. In the mentioned conditions, the lowest values of Cr and D, parameters were obtained with
100 and 85% increase in value, respectively. Additionally, the results revealed a positive correlation
between the mixing parameters and the length of the traversed tracer along the bends. The analysis of the
data indicated that as the Reynolds number increased, the longitudinal mixing coefficient increased in
both solid and sedimentary bed.

Keywords: Mixing, Routing Process, Longitudinal Dispersion Coefficient, Meandering,
Smooth Beds, Sedimentary Bed.
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1. Introduction

Industrial, agricultural and urban development are the
main sources of pollution of rivers which cause
environmental problems. Understanding the mixing and
dilution processes is necessary for self-purification of
rivers and pollution control (Yeberehpour et al., 2019).
The longitudinal dispersion coefficient is an important
parameter for describing pollution transport in
waterways and rivers, and it can be estimated using
various methods such as integration, tracer experiments,
and empirical relationships. Fischer et al. extended the
use of the Fisher tracking method to calculate the
longitudinal dispersion coefficient in a one-dimensional
mixing model by measuring concentration rates at two
points and comparing the measured and calculated
concentration curves (Eischer et al., 1979).

The first step in solving problems related to the
dispersion and mixing of pollutants is to identify
dispersion coefficients, which can be accurately
measured through tracer experiments. However, research
on the effect of bed roughness on the mixing process in
channels has not been conducted yet. In current study,
the changes in mixing components in the two form of
bed under different hydraulic conditions using tracer
were investigated experimentally to estimate the
longitudinal mixing coefficient for different lengths
using the trend analysis method based on the
measurements.

2. Methodology

By application of dimensional analysis, equation 1 is
considered to the dimensionless parameters and the
effective equation for the current research

Mixing = f(S, fC, W/h , R/h ,Re, Fr) ()]

Where

S: meandering coefficient, f: flow resistance coefficient,
C: Pollutant concentration, W: canal width, h: flow
height, Re: Reynolds number and Fr: Froude number.

The experiments of this research were carried out in
a flume with 16m length, 1.5m width, and 1m depth with
a recirculation system in the hydraulic and physical
models laboratory of the water engineering department
of the University of Guilan.

A centrifugal pump with a motor speed control
device was used to provide flow. To reduce flow
turbulence, flow calming plates were used at the inlet of
the flow and the beginning of the return path. Ultrasonic
flow meters with an accuracy of +0.01 liters per second
were used to measure the flow rate.

Mineral sand with a diameter of 2.5 mm was used to
simulate the sedimentary bed.

Water and salt solution (NaCl) was used as a tracer
material due to the ease of measurements, easy access,
and low cost.
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In each experiment, the flow rate was adjusted and
the desired depth was set using the final valve maneuver.
Tracer tests were conducted after ensuring water stability
and equilibrium in the sediment bed. The experiments
were performed in both solid and sediment beds for six
different intervals. The concentration of the injected
solution was measured at the beginning and end of each
experiment. The sensor measured the concentration at
the middle width and depth, a few seconds before
injection and a few seconds after the tracer entered and
reached the initial concentration value. The location of
the EC meter sensors and the length of measurement
sections are shown in Fig. 1.

Table 1 shows the range of Hydraulic parameters of
the experiment for mixing parameters.

the length of measurement sections
Distance of the Injection point to A= 2 38m

Lis Loy 88Im

Ly Loy 938m A
L Lyg=1132m

Fig. 1. The location of the EC meter sensors and the
length of measurement sections

Table 1. Range of Hydraulic parameters of
experiment for mixing parameters

Parameters Value
q (m3/m.s) 0.014 to 0.026
V (m/s) 0.14 to 0.26
h (m) 0.1
R/h 75
W/h 5
Re 28000 to 52000
Fr 0.099 to 0.185

3. Discussion and Results

In this paper, the concentration variations of input and
output in different intervals for solid and sedimentary
bed form were estimated. Fig. 2 shows the time-
concentration profile for the first and last sections. The
results showed that increasing the distance between
measurement points and applying more transverse
mixing cycles resulted in a greater difference in the peak
concentration of the output curve compared to the input
curve. The observations indicated that the flow substrate
transition from solid to sedimentary increased the
duration of concentration curve return.
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Fig. 2. Temporal concentration profiles of Ec for
different locations in smooth bed for g=0.018m%m.s
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4. Elements

The effect of hydraulic parameters and bed material on
the changes in tracer concentration was investigated with
dimensionless parameters such as: Cr, Ty and Tg.. These
parameters are defined by equations 2 to 4

C —C
Cl" — max_u max_o (2)
Cmax_u
T =T
Tpr — _.max o~ maxu (3)
Tmax_ o
_ Tmax 0~ Tmax_u
Ty = Tmase-Tmary @
max_o

The parameters used in equations 2 to 4 are extracted
from time concentration profiles.

The results show that increasing the flow rate in solid
bed experiments, results in a decrease in Cr values.
Sediment beds lead to a decrease in Cr concentration, as
well as a decrease in the parameter Ty. The comparison
of results in sediment beds shows that increasing the
flow rate results in a decrease in Cr concentration, except
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in the A-C sections. The parameter Tq, increases with an
increase in flow rate in all sections except A-C,
indicating the accumulation and retention of tracer
materials in sediment beds.

The study of the effect of the distance traveled by the
tracer carrier flow on the mixing parameters in the solid
bed showed that with the increase of the relative distance
of the parameters Cr, Tyrand Tqr, except for the flow rate
of 0.022 which decreased by almost 4%, increase
significantly. The study on the sediment beds showed
that increasing the distance traveled and the relative
distance resulted in an average increase in Cr values by
40% for different discharges and an average increase in
Tor values by 50% for all discharges. The range of Tg
values increased by 0 to 57%. Increasing the flow path
length and the number of bends in the path led to an
increase in Cr, thereby improving and accelerating the
mixing process. This has been reported in previous
studies on tracer tracking and mixing by (Boxall and
Guymer, 2007; Zhang, 2011; Seo et al., 2016; Park and
Seo, 2018).

Changing the substrate from solid to sedimentary
resulted in an increase in Cr concentration in some
sections and a decrease in others. The parameter Tpr
showed a decrease in value with the change in substrate,
while Tdr showed a decreasing trend in all sections.
Overall, changing the substrate from solid to
sedimentary increased the concentration difference (Cr)
in all sections and decreased the time parameters (T, and
Tar).

In the present research, the longitudinal dispersion
coefficient (D.) and transfer speed of the tracer (U) were
calculated using the routing process. In the routing
process D. was estimated using the curve of time
changes of the concentration in two sections at the
beginning and at the end of the span, for different
hydraulic conditions, the output concentration from the
downstream section of the span is estimated and then it
is compared with the curve of the time changes of the
observed output concentration. Fig. 3 shows the
comparison of observed concentration and calculated
concentration for min and max discharge and different
sections.

The study found that the velocity of tracer transport
(V) increases with increasing flow rate for both solid and
sedimentary substrates. Changing the substrate from
solid to sedimentary and creating roughness in the
substrate can cause the velocity of tracer transport to
either increase or decrease depending on different flow
conditions. Overall, the average value of parameter U
increased by 11% with the creation of roughness in the
substrate.

Experiment result shows that, the coefficient of
dispersion is directly proportional to the velocity of the
tracer transport and increases with increasing velocity.
Changing the bed from solid to sedimentary reduces the
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values of the parameters U and D.
The Reynolds number (Re) can be used to interpret
the mixing process, and its value increases with
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Fig. 3. Comparison of observed concentration and
calculated concentration for different
discharge and sections

increasing flow rate. The results indicate that increasing
the Reynolds number and turbulence leads to an increase
in the mixing coefficient D.. The relationship between
the changes in D and Reynolds numbers shows that D
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decreases with a decrease in Reynolds number and
increases with an increase in Reynolds number.

5. Conclusions

River restoration and ecosystem preservation are
important aspects of environmental conservation. This
study investigated one of the effective parameters on the
self-purification capacity of rivers, that is, the
longitudinal dispersion coefficient, by measuring the
concentration of pollutants in different flow rates and
sediment types. Increasing the flow rate resulted in a
decrease in the parameter Cr (relative difference between
input and output concentrations) by 43-100% and an
increase in the parameter Ty, (relative time difference to
maximum concentration) by 5-41% in the initial section
and up to 13% in the final section, while the parameter
Tqr (relative time difference between two measurement
points) decreased by 14-47% in different sections, and
the coefficient of variation D. increased by 9-38% in
different sections; changing the material of bed, from
solid to sediment also led to a decrease in Cr by 23-93%
and a decrease in Ty by up to 32%, while Tg increased
by 7-59% in different sections. Comparing the results for
two different bed conditions, solid and sediment, showed
that changing the bed material from solid to sediment
resulted in variations in the parameters Cr and D, with
an increase in their values; overall, the sediment bed
performed better in improving mixing parameters, but
the effect of bed material was more significant in shorter
intervals due to increased mixing parameters.
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Table 2. Value of calculated Cr for different discharge and sections for smooth and sedimentary bed

Section

name g (m¥m.s) Smooth bed Sediment bed
Cr Tor Tar U (m/s) Cr Tor Tar U (m/s)
0.014 0.105 0.5862 0.4028 0.049 0457  0.1667  0.0909 0.132
A-B 0.018 0.284 0.4545 0.3086 0.099 0.386 02174  0.1603 0.158
0.022 0.349 0.5200 0.4103 0.158 0.452 -0.375  0.1913 0.263
0.026 0.000 0.3478 0.2174 0.099 0.093  0.0000 0.1604 0.263
0.014 0.552 0.6000 0.4845 0.190 0.034  0.6190 0.2739 0.112
A-C 0.018 0.510 0.3125 0.2174 0.276 0.248  0.3548 0.1417 0.276
0.022 0.412 0.3913 0.2317 0.253 0.497  0.3077  0.1756 0.337
0.026 0.231 0.4138 0.4143 0.253 0.500  0.1304 0.1881 0.608
0.014 0.338 0.6939 0.4720 0.120 0.648 05763 0.2167 0.132
AD 0.018 0.628 0.7568 0.3700 0.137 0.585  0.3889 0.3133 0.240
0.022 0.562 0.5333 0.3953 0.183 0.653  0.4138 0.1783 0.226
0.026 0.192 0.5714 0.3774 0.202 0.369  0.6471 0.2941 0.175
0.014 0.597 0.6481 0.6015 0.170 0.562  0.6792  0.1856 0.179
A-E 0.018 0.509 0.7273 0.3271 0.201 0.478  0.5957  0.2622 0.230
0.022 0.221 0.7500 0.4592 0.215 0.548  0.6190  0.2857 0.239
0.026 0.083 0.7838 0.4675 0.257 0.012  0.6222  0.3022 0.230
0.014 0.685 0.6912 0.6258  0.170 0.689 0.7059 0.3046  0.146
A-F 0.018 0.773 0.7037 04370  0.235 0.396 0.7258  0.2333  0.152
0.022 0.552 0.8235 0.3866  0.223 0.714 0.6600 03012  0.271
0.026 0.268 0.6512 04205  0.298 0.513 0.6667  0.1552  0.298
0.014 0.263 0.5747 0.7320  0.150 0.733 0.8372 03160  0.122
AG 0.018 0.757 0.8361 0.5039  0.172 0.651 0.7971  0.4208  0.160
0.022 0.662 0.6800 0.4444  0.223 0.366 0.6094  0.4645  0.208
0.026 0.291 0.7021 05072  0.271 0.563 0.6964 0.4357  0.218
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Table 3. D, and Re values in different sections and discharge with smooth bed and sedimentary bed

S 3 q Dfmooth bed SelzjdLimentary bed
name (m3/m.s) (m?s) Re (m?fs) Re

0.014 0.001 14107 0.039 37619

AB 0.018 0.014 28214 0.089 45142

0.022 0.059 45142 0.669 75238

0.026 0.003 28214 0.346 75238

0.014 0.018 54285 0.007 32169

AC 0.018 0.051 78961 0.088 78961

0.022 0.034 72380 0.556 96507

0.026 0.024 72380 1.929 173714

0.014 0.004 34285 0.033 37832

AD 0.018 0.034 39183 0.770 68571

0.022 0.019 52244 0.415 64537

0.026 0.012 57744 0.032 49870

0.014 0.032 48571 0.082 51111

AE 0.018 0.017 57500 0.079 65714

0.022 0.017 61333 0.131 68148

0.026 0.020 73600 0.011 65714

0.014 0.062 48571 0.092 41666

AF 0.018 0.078 67218 0.026 43478

0.022 0.029 63857 0.308 77402

0.026 0.025 85142 0.065 85142

0.014 0.016 42857 0.027 34990

AG 0.018 0.019 49120 0.058 45612

0.022 0.053 63857 0.059 59401

0.026 0.006 77402 0.043 62299
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