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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 (DL) increased 

noticeably. In the mentioned conditions, the lowest values of Cr and DL 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. 
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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 (Fischer 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, f, C, W
h⁄ , R

h⁄ , Re, Fr)                       (1) 

 

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. 

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. 

 

 

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 

Value Parameters 

0.014 to 0.026 /m.s)3q (m 

0.14 to 0.26 V (m/s) 

0.1 h (m) 

7.5 R/h 

5 W/h 

28000 to 52000 Re 

0.099 to 0.185 Fr 

 
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. 



S. Nojoumi Siahmard et al.,                                                                                   dx.doi.org/10.22093/wwj.2023.412853.3368 

 

                                                              Water and Wastewater 

                                      Vol. 34, No. 5, 2024 

 
Fig. 2. Temporal concentration profiles of Ec for 

different locations in smooth bed for q=0.018m3/m.s 
 

This guideline serves as a template for Microsoft 

Word. Please follow the instructions provided in this 

format carefully to ensure legibility and uniformity.  

When you open this document, select "Print Layout" 

from the "View" menu, which allows you to see the two 

column format and the footnotes. You may then type 

over sections by using cut and paste into it, and/or use 

the markup styles. Please pay attention that your papers, 

including abstract and other sections of the manuscript, 

should be 3 complete pages. 

 

4. Elements  

The effect of hydraulic parameters and bed material on 

the changes in tracer concentration was investigated with 

dimensionless parameters such as: Cr, Tpr and Tdr. These 

parameters are defined by equations 2 to 4 

 

Cr =  
Cmax_u−Cmax_o

Cmax_u
                                         (2) 

 
Tpr =  

Tmax_o−Tmax_u

Tmax_o
                                        (3) 

 

Tdr =  
Tmax_o−Tmax_u

Tmax_o
                                        (4) 

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 Tpr. The comparison 

of results in sediment beds shows that increasing the 

flow rate results in a decrease in Cr concentration, except 

in the A-C sections. The parameter Tdr 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, Tpr and Tdr, 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 

Tpr values by 50% for all discharges. The range of Tdr 

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 (Tpr and 

Tdr). 

In the present research, the longitudinal dispersion 

coefficient (DL) and transfer speed of the tracer (U) were 

calculated using the routing process. In the routing 

process DL 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 

(U) 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 

A 

B 
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values of the parameters U and DL. 
The Reynolds number (Re) can be used to interpret 

the mixing process, and its value increases with  

 

 

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 DL. The relationship between 

the changes in DL and Reynolds numbers shows that DL 

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 Tpr (relative time difference to 

maximum concentration) by 5-41% in the initial section 

and up to 13% in the final section, while the parameter 

Tdr (relative time difference between two measurement 

points) decreased by 14-47% in different sections, and 

the coefficient of variation DL 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 Tpr by up to 32%, while Tdr 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 DL, 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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(x2, t) =  ∫
Uc(x1,τ)

√4πD(t2̅−t1̅)

∞

−∞
exp {−

[U(t2̅−t1̅−t+τ)]2

4D(t2̅−t1̅)
} dt  

c(x2, t)2xc(x1, τ)

1xU

tt̅1

t̅2

D

U =
x2−x1

t2−t1

1x-2x
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Boxall and Guymer, 2007
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Mixing =  f (ρ, μ, g, V, h, W, f, R, S, C)

ρgV

hWf

RSC

Mixing =  f (S, f, C, μ/ρVh, hg/V2, W/h, R/h)

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

ReFr

 

NaCl

,Peruzzi et al., 2021

Mansouri Kargar et al., 2021

YSI
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Fig. 1. Scheme of experimental flume and meandering channel
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Fig. 2. A) The location of the Ec meter sensors and the length of measurement sections and 
B) Scheme of Ec-meter and its sensor's location in the meandering

AB

 

 

Fig. 3. View of bed morphology at bend of meandering channel

A B C D E F
G

Injection
point

the length of measurement sections

Distance of the Injection point to A= 2.38m

LA-B= 3.17 m                                                       LA-E= 8.82 m

LA-C= 5.42 m                                                       LA-F= 9.38 m

LA-D= 6.22 m                                                       LA-G= 11.32 m
 A 

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

W/hR/hh (m)V (m/s)/m.s)3q (mFr Re

57.5 0.1 

0.260.0260.185 52000
0.220.0220.157 44000
0.180.0180.128 36000
0.140.0140.099 28000

Park and Seo, 2018Shin et al., 2020

 

Cr =  
Cmax_u−Cmax_o

Cmax_u

Tpr =  
Tmax_o−Tmax_u

Tmax_o

Tdr =  
Tmax_o−Tmax_u

Tmax_o

u-maxC

max_oC

Cr

o-maxTu-maxT

o-maxT

u-maxT

drTprT
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Fig. 4. Temporal concentration profiles of Ec for different locations in smooth bed for q=0.018m3/m.s 
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Fig. 5. Temporal concentration profiles of Ec for different locations in sedimentary bed for q=0.018m3/m.s 
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CrprTU

drT

m.s/3m

Cr

Cr

prTB-AC-AD-A

A-FA-EA-G

prT 

m.s/3mG-A

C-AdrT

m.s/3m

 
Cr 

Table 2. Value of calculated Cr for different discharge and sections for smooth and sedimentary bed

Sediment bed Smooth bed q (m3/m.s) Section 
name 

U (m/s) Tdr Tpr Cr U (m/s) Tdr Tpr Cr   
0.1320.09090.1667 0.4570.0490.40280.5862 0.1050.014

A-B
0.1580.16030.2174 0.3860.0990.30860.4545 0.2840.018

0.2630.1913-0.375 0.4520.1580.41030.5200 0.349 0.022

0.2630.16040.0000 0.0930.0990.21740.3478 0.0000.026

0.1120.27390.6190 0.0340.1900.48450.6000 0.5520.014

A-C
0.2760.14170.3548 0.2480.2760.21740.3125 0.5100.018

0.3370.17560.3077 0.4970.2530.23170.3913 0.4120.022

0.6080.18810.1304 0.5000.2530.41430.4138 0.2310.026

0.1320.21670.5763 0.6480.1200.47200.6939 0.3380.014

A-D
0.2400.31330.3889 0.5850.1370.37000.7568 0.6280.018

0.2260.17830.4138 0.6530.1830.39530.5333 0.5620.022

0.1750.29410.6471 0.3690.2020.37740.5714 0.1920.026

0.1790.18560.6792 0.5620.1700.60150.6481 0.5970.014

A-E
0.2300.26220.5957 0.4780.2010.32710.7273 0.5090.018

0.2390.28570.6190 0.5480.2150.45920.7500 0.2210.022

0.2300.30220.6222 0.0120.2570.46750.7838 0.0830.026

0.1460.30460.70590.6890.1700.62580.69120.6850.014

0.1520.23330.72580.3960.2350.43700.70370.7730.018A-F 

0.2710.30120.66000.7140.2230.38660.82350.5520.022

0.2980.15520.66670.5130.2980.42050.65120.2680.026

0.1220.31600.83720.7330.1500.73200.57470.2630.014

A-G
0.1600.42080.79710.6510.1720.50390.83610.7570.018

0.2080.46450.60940.3660.2230.44440.68000.6620.022

0.2180.43570.69640.5630.2710.50720.70210.2910.026
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Fig. 6. Cr, Tr and U values calculated in different section and discharges in smooth and sedimentary beds 
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Fig. 7. Comparison of observed concentration and calculated concentration for different discharge and sections 
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Fig. 8. Comparison of longitudinal mixing coefficient and velocity of transfer tracer for
different discharge with two types of smooth and sediment beds at different sections 
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LDRe 

Table 3. DL and Re values in different sections and discharge with smooth bed and sedimentary bed 

Sedimentary bed Smooth bed 
q 

(m3/m.s) 
Section 
name Re DL 

(m2/s) Re DL 
(m2/s) 

37619 

45142 

75238 

75238 

0.039 

0.089 

0.669 

0.346 

14107 

28214 

45142 

28214 

0.001 

0.014 

0.059 

0.003 

0.014 

0.018 

0.022 

0.026 

A-B 

32169 

78961 

96507 

173714 

0.007 

0.088 

0.556 

1.929 

54285 

78961 

72380 

72380 

0.018 

0.051 

0.034 

0.024 

0.014 

0.018 

0.022 

0.026 

A-C 

37832 

68571 

64537 

49870 

0.033 

0.770 

0.415 

0.032 

34285 

39183 

52244 

57744 

0.004 

0.034 

0.019 

0.012 

0.014 

0.018 

0.022 

0.026 

A-D 

51111 

65714 

68148 

65714 

0.082 

0.079 

0.131 

0.011 

48571 

57500 

61333 

73600 

0.032 

0.017 

0.017 

0.020 

0.014 

0.018 

0.022 

0.026 

A-E 

41666 

43478 

77402 

85142 

0.092 

0.026 

0.308 

0.065 

48571 

67218 

63857 

85142 

0.062 

0.078 

0.029 

0.025 

0.014 

0.018 

0.022 

0.026 

A-F 

34990 

45612 

59401 

62299 

0.027 

0.058 

0.059 

0.043 

42857 

49120 

63857 

77402 

0.016 

0.019 

0.053 

0.006 

0.014 

0.018 

0.022 

0.026 

A-G 

 

Cr

prT 

 

drT

LD

Cr
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