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Longitudinal dispersion in fluvial environments: new
empirical formulations and applications to pollutant
transport modeling

Ankit Kumar'! - Rajesh K. Mahato' - Harsangeet Kaur®
Highlights

e We present novel empirical formulations for longitudinal dispersion coefficients in
narrow and wide channels.

e Wediscover that the dispersion in narrow and wide channels is governed by the channel
aspect ratio and shear velocity ratio, respectively.

e One-dimensional advection—dispersion equation is numerically solved to examine
transport dynamics for instantaneous and continuous pollutant release scenarios.

Abstract

In this paper, we analyze the transport dynamics of instantaneous and continuous release of
pollutants in rivers. We begin with proposing new formulations for longitudinal dispersion
coefficient in narrow and wide channels. Considering the observed trends in field-derived
datasets, the channel aspect ratio to demarcate narrow and wide channels is set as 10. The
analysis shows that the longitudinal dispersion coefficient depends nonlinearly on the channel
aspect ratio and shear velocity ratio. Finally, the robustness of the proposed formulations is
established through a comparative analysis with existing formulations available in the
literature. To simulate the pollutant transport dynamics, the one-dimensional
advection—dispersion equation is numerically solved using the proposed formulations of
dispersion coefficient. The numerical simulations are performed for instantaneous and
continuous pollutant release scenarios in both narrow and wide channels. The pollutant
concentration profiles in a narrow channel with instantaneous release manifest a distinct peak
concentration. Conversely, for continuous release scenario, the pollutant concentration remains
at its maximum magnitude for a finite temporal interval and spatial extent. For instantaneous
release case, the enhanced dispersion in wide channels causes the intensified attenuation of the
concentration peak. In addition, the continuous release of pollutants in wide channels
characterize a decay of peak concentration in downstream direction. The predicted pollutant
concentration profiles are in agreement with the classical analytical solution and field
observations of Atkinson and Devis (2000).

Keywords Pollutant transport - Open channel flow - advection—dispersion equation - Channel
aspect ratio - Shear velocity ratio
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Rivers are vital freshwater resources supporting drinking water supply, agricultural irrigation,
industrial development, and ecological sustainability. However, in recent year, accelerated
urbanization, industrialization, and agricultural development have contaminated natural water
bodies including rivers (Noori et al. 2021). Consequently, reliable assessment of pollutant
transport and mixing processes is crucial for water quality management, environmental
conservation, and pollution mitigation strategies (Fischer et al. 1979; Chen et al. 2009; Parsaie
and Haghiabi 2015; Noori et al. 2021).

The advection—dispersion equation has been extensively employed to model the pollutant
transport dynamics in rivers (Wallis and Manson 2004; Abderrezzak et al. 2015; Moghaddam
et al. 2017; Ramezani et al. 2019). Over the years, numerous software packages, such as
SIMCAT, QUAL2Kw, COMSOL, MIKE 11, ADISTS, etc., have been developed to model
pollutant transport dynamics in rivers (Pelletier et al. 2006; Ani et al. 2009; Launay et al. 2015).
Pollutant discharges in streams usually occur in two forms—instantaneous and continuous. For
continuous discharges, the concentration front propagates downstream and gradually
approaches a steady-state condition (Abderrezzak et al. 2015; Ramezani et al. 2019).
Conversely, an instantaneous discharge generates a concentration plume that travels
downstream while spreading and attenuating, typically exhibiting a Gaussian distribution
(Abderrezzak et al. 2015; Ramezani et al. 2019). For various initial and boundary conditions,
van Genuchten and Alves (1982) compiled the existing analytical solutions for one-
dimensional advection—dispersion equation. Moreover, de Smedt (2006) proposed an
analytical solution for advection—dispersion equation coupled with transient storage and first
order decay. Besides, Hunt (2006) presented asymptotic solutions for one-dimensional
dispersion in rivers. For a mountainous stream featured by riffles and pools, Bencala and
Walters (1983) found that a transient storage model performs well in simulating pollutant
transport dynamics. Note that a transient storage model couples dead storage zones with the
advection—dispersion equation (Bencala and Walters 1983). For a given real-world case,
Schmid (2004) developed conditions in terms of Damkohler index and skewness coefficient
for selecting a suitable modelling framework (transient storage or advection—dispersion) for
pollutant transport dynamics. A numerical algorithm for simulating pollutant transport
dynamics in unsteady flow regimes is proposed by Zhang and Aral (2004). The numerical
experiments revealed that the k—¢ turbulence closure captures the features of three-dimensional
pollutant mixing in rivers (Wilson et al. 2007). Ani et al. (2009) found that the inclusion of a
transient storage term improves the reliability of predicted concentration breakthrough curves.
Employing a one-dimensional advection—dispersion model, the spatiotemporal distribution of
pollutant concentrations resulting from accidental releases in rivers is examined by Guo and
Cheng (2019). Zhang et al. (2026) developed a physics-informed neural network framework
for simulating pollutant transport dynamics in vegetated flows. Literature suggests that the
downstream transport of pollutants in rivers is primarily governed by advection and dispersion
processes. The longitudinal dispersion coefficient plays a pivotal role in determining the
accuracy and uncertainty of pollutant transport simulations (Chapra 1997). It accounts for the
combined effects of channel geometry, velocity variations, turbulence, and transverse mixing
(Chapra 1997). Accordingly, a reliable estimate of the longitudinal dispersion coefficient is
required to simulate pollutant transport dynamics in rivers (Fischer 1967; Fischer et al. 1979;
Noori et al. 2021).

The direct methods, such as the method of moments, routing procedure, Krenkel and
Chatwin graphical method, crown of concentration method, etc., employ the field tracer
concentration data to estimate longitudinal dispersion coefficient (Oliveira et al. 2017). The
requirement of field concentration data in direct methods encourages the use of empirical
formulations. The empirical formulations use hydraulic and geometric parameters to predict
the longitudinal dispersion coefficient. The seminal work of Taylor (1953) demonstrated that
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the spreading of solute in a laminar flow can be represented as an equivalent diffusion process.
Subsequently, Taylor (1954) extended the theory to turbulent pipe flows and proposed a
formulation to estimate the effective longitudinal dispersion coefficient. Building on Taylor’s
(1954) pioneering work, Elder (1959) proposed one of the earliest formulations of longitudinal
dispersion coefficient for open channel flows. Presuming a uniform flow in an infinitely wide
channel, he expressed longitudinal dispersion coefficient in terms of the shear velocity and
flow depth. Nonetheless, owing to the negligence of the transverse velocity gradients, the
Elder’s (1959) formulation found limited applicability in natural scenarios. Employing field
data from 18 watercourses, McQuivey and Keefer (1974) identified that the longitudinal
dispersion coefficient remains inversely proportional to the longitudinal bed slope. Fischer
(1967) recognized the influence of lateral mixing on longitudinal dispersion in natural streams.
Employing multi-regression techniques, Seo and Cheong (1998) analysed concentration profile
data from 26 watercourses in United States. They identified that, in addition to hydraulic
parameters, the channel aspect ratio controls the magnitude of longitudinal dispersion
coefficient. Using field data from literature, Wang and Huai (2016) employed log-linear
regression to propose a formulation for the longitudinal dispersion coefficient.

In recent years, owing to advancements in computational intelligence, soft computing and
machine learning techniques have been used for predicting the longitudinal dispersion
coefficient. For instance, approaches such as artificial neural networks, fuzzy inference
systems, support vector machines, adaptive neuro-fuzzy inference systems, and gene-
expression programming have been employed to model the intricate nonlinear relationships
between flow characteristics and longitudinal dispersion coefficient (Tayfur and Singh 2005;
Tayfur 2006; Toprak and Cigizoglu 2008; Noori et al. 2009; Sahay and Dutta 2009; Sahay
2011; Etemad-Shahidi and Taghipour 2012). In addition, several studies explored hybrid
optimization and evolutionary algorithms to further improve the prediction accuracy of the
longitudinal dispersion coefficient (Najafzadeh and Tafarojnoruz 2016; Balf et al. 2018;
Parsaie et al. 2018; Memarzadeh et al. 2020). However, considerable uncertainty remains
regarding the reliability of existing formulations (Noori et al., 2016). To this end, Seifi and
Riahi-Madvar (2019) compiled a comprehensive tracer study database comprising
measurements from laboratory flumes and natural rivers worldwide. Subsequently, Noori et al.
(2021) conducted a detailed reliability assessment and demonstrated that the relative
importance of aspect ratio and friction depends strongly on channel geometry. It is observed
that, in narrow streams, the pollutant transport dynamics is controlled by the channel aspect
ratio (Etemad-Shahidi and Taghipour 2012, Noori et al. 2021). On the other hand, the shear
velocity ratio governs the pollutant dynamics in wide channels (Etemad-Shahidi and Taghipour
2012, Noori et al. 2021). The findings suggest that a single universal dispersion equation is
unlikely to be applicable across all river geometries.

The discussion reveals that numerous formulations were developed for longitudinal
dispersion coefficient in rivers (Koussis and Rodriguez-Mirasol 1998; Iwasa and Aya 1991;
Seo and Cheong 1998; Deng et al. 2001; Kashefipour and Falconer 2002). The existing
formulations for the longitudinal dispersion coefficient are compiled in Ghaemi et al. (2021).
In addition, the preceding discussion highlights the importance of pollutant transport dynamics
in rivers, which motivated extensive investigation by researchers. However, there remains
scope for further analysis. Most of the existing formulations for longitudinal dispersion
coefficient used data from both narrow and wide channels. However, the underlying dispersion
mechanism is sensitive to the channel regimes (Etemad-Shahidi and Taghipour 2012, Noori et
al. 2021), making a unified treatment potentially inadequate. In addition, the numerical studies
reveal that no single existing longitudinal dispersion coefficient formulation performs well for
both experimental and field datasets (Abderrezzak et al. 2015). Some formulations are suitable
for experimental conditions, while others provide better predictions for field conditions
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(Abderrezzak et al. 2015). Moreover, the pollutant transport dynamics associated with
instantaneous and continuous release scenarios across different channel geometries warrant

detailed investigation.

Table 1 A few existing formulations for longitudinal dispersion coefficient K

Reference Method Longitudinal dispersion coefficient K
Elder (1959) Empirical 5935

Fischer (1967) Empirical 0.0118° ="

Liu (1977) Empirical 0.18p°57"°

Koussis and Rodriguez- Empirical 0.65°=

Mirasol (1988)

Iwasa and Aya (1991) Empirical 2=

Seo and Cheong (1998) Empirical 5.92p% =57

Lietal. (1998) Empirical 0.55ph>%

Kashefipour and Falconer =~ Empirical [7.428+1.7758° =715

(2002)
Sahay and Dutta (2009)

Etemad-Sahidi and
Taghipour (2012)

Lietal. (2013)

Zeng and Huai (2014)
Wang and Huai (2016)

Alizadeh et al. (2017)

Ukpaka and Agunwamba
(2024)

Genetic algorithm

Model tree

Differential
evolution algorithm

Empirical

Empirical

Particle swarm
optimization

Empirical

2ﬂ0496 =0.25
15.498°7 =%  B<30.6
14.128°° 5" 5>30.6

2.28ﬁ0.7650.47

5 4ﬂ0.75—0.13
17.65ﬁ0.3654).16

5.32181.2150.925 , ﬁﬁ 28
9.938"0 5% B> 28

21 . 16ﬂ—0.01250.056

The present study therefore endeavours to propose new empirical formulations for
longitudinal dispersion coefficient in narrow and wide channel regimes. The threshold
separating narrow and wide channel regimes is determined from the observed trends in field-
derived dispersion coefficients. Subsequently, the proposed formulation for dispersion
coefficient is used in the one-dimensional advection—dispersion equation to simulate the
pollutant transport dynamics for instantaneous and continuous release scenarios. Finally, the
pollutant concentration profiles are compared with the existing studies.
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A new formulation for longitudinal dispersion coefficient

The longitudinal dispersion coefficient K is a physical parameter used to model the spreading
of pollutants in fluvial systems. The spreading of pollutants in natural scenarios is dependent
on the geometric and kinematic properties of the flows (Seo and Cheong 1998). The
dimensional analysis reveals that the dimensionless dispersion coefficient K [= K(uh) '] can
be expressed in terms of the shear velocity ratio = (= u,u ') and channel aspect ratio (= wh™
1 (Seo and Cheong 1998; Wang and Huai 2016). Here, the « denotes the uniform flow velocity,
h is the flow depth, u- is the shear velocity, and w represents the channel width. A few existing
formulations for the longitudinal dispersion coefficient are presented in Table 1. The hydraulic
aspects of narrow channels—that manifests velocity dip phenomenon—differs from the wide
channels (Dey 2024). Hence, herein, we propose a regime-based formulation for X . It reads

K=pp'=’ (1)

where ¢ is a coefficient, and a and b are exponents. Note that, herein, the channels are
classified as narrow and wide for < 10 and S> 10, respectively (Isma et al. 2025). To obtain
¢, a and b, we perform a regression analysis employing ample field data from literature. The
regression analysis employs 105 data plots characterizing a wide range of flow and geometric
conditions (Sooky 1969; Godfrey and Frederick 1970; Yotsukura et al. 1970; Yotsukura and
Cobb 1972; McQuivey and Keefer 1974; Nordin and Sabol 1974; Devens et al. 2006; Ribeiro
et al. 2010; Oliveira 2013; Pereira et al. 2016; Wang and Huai 2016; Oliveira et al. 2017; Palu
and Julien 2019). The employed data plots are made available as electronic supplementary
material. For narrow and wide channels, the regression analysis offers g, a and b as (1.11,
12.98), (1.13, 0.18), and (0.27, — 0.65), respectively. The overall coefficient of determination
and root mean square error are found to be 0.83 and 35.14, respectively. These estimates
advocate that the proposed model is more reliable compared to the existing ones (Alizadeh et
al. 2017).

Numerical framework

The pollutant transport in fluvial systems is governed by the advection—dispersion equation.
Literature suggests that the pollutant transport in fully developed flows can be modelled
employing a one-dimensional approach (da Silva et al. 2025). The advection—dispersion
equation in one-dimensional form reads

2
&g e @)
ot  Ox ox

where ¢ denotes the depth-averaged pollutant concentration, ¢ is the time, and x measures the
longitudinal distance. The advection and diffusion terms in Eq. (2) model the transport and
spreading of pollutants, respectively. Herein, we solve Eq. (2) numerically employing finite
difference method. The discretized equation reads

C;M = cin _O'Sﬂl(cinH - in—l) + (0-5112 + ﬂ'z)(cinﬂ _20;7 +cin—1) (3)
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where (i, n) represent spatial grid point and time level, respectively, 41 [= uA#(Ax)'] and A [=
KAt(Ax)?] are Courant number and dispersion number, respectively, and Af and Ax are
temporal and spatial step size. Note that the advection term, owing to hyperbolic nature, is
discretized employing the explicit Lax—Wendroff scheme (Hoffman and Chiang 2000). A full
Lax—Wendroff treatment needs higher order derivatives and longer stencil. Hence, the
diffusion term uses central difference with forward Euler time stepping (Hoffman and Chiang
2000). The discretization of advection term is second-order accurate in time and space, whereas
the diffusion term discretization is first-order accurate in time. Accordingly, the employed
scheme has first and second-order accuracies in time and space, respectively.

A von Neumann stability analysis suggests that the Lax—Wendroff scheme coupled with
explicit diffusion is conditionally stable. The stability criteria reads A + 24> < 1. Note that the

derived stability criteria is used to select a suitable computational time step. The discretized
equation is employed to simulate pollutant transport for two cases: instantaneous release of
pollutants and continuous release of pollutants. For instantaneous release of pollutants, the
initial condition is presumed in the form of a Gaussian function centered at xo. It reads

c(x,0) = ¢, exp[-0.50 7 (x—x,)*],0<x< L (4)

where co is the initial peak concentration, o indicates the standard deviation of the Gaussian
function modelling the initial spread of pollutants, and L denotes the length of the stretch. In
addition, the boundary conditions for the instantaneous release case are taken as ¢(0, ) =0 and
de(dx) =z = 0. The initial condition for the continuous release case is presumed as c(x, 0) = 0
for 0 < x < L. Besides, for continuous release, the boundary conditions are taken as follows:
c(0, t) = (cs, 0) for (0 <t < tq4, t > ta), where ¢y denotes the pollutant concentration at source and
ts indicates the time interval for release. Akin to the instantaneous release case, we consider a
vanishing concentration gradient at the downstream. Finally, we perform a grid sensitivity
analysis. It is observed that the results become independent of the grid size for Ax <2 m. Hence,
the computations are performed considering Ax equalling 1 m.

Results and discussion

Firstly, we examine the robustness of the proposed model for the longitudinal dispersion
coefficient. To this end, Fig. 1 furnishes a comparison of the predicted and observed values of
the dimensionless dispersion coefficient K. The observed field data are taken from Sooky
(1969), Yotsukura et al. (1970), Godfrey and Frederick (1970), Yotsukura and Cobb (1972),
McQuivey and Keefer (1974); Nordin and Sabol (1974), Devens et al. (2006), Ribeiro et al.
(2010), Oliveira (2013), Pereira et al. (2016), Oliveira et al. (2017), and Palu and Julien (2019).
The considered dataset includes both narrow and wide regimes of the streams. The solid line
highlights the line of best agreement. Conversely, the broken lines manifest + 20% error bands.
We observe that most of the field data plots fall within the error bands. The inset presents an
enlarged view of the data plots clustered up to K equalling 20. In general, the predictions are
congruent with the field observations. The deviations may be ascribed to the uncertainties in
the field measurements.

It is interesting to compare the proposed formulation for dimensionless dispersion
coefficient K with existing relations. Towards that end, Figs. 2—3 present the variations of K
with the shear velocity ratio = for narrow and wide channels, respectively. The channel aspect

ratios f for narrow and wide channels are taken as 5 and 20, respectively. The formulations
proposed by Elder (1959), Fischer (1967), Liu (1977), Koussis and Rodriguez-Mirasol (1998),
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Iwasa and Iya (1991), Seo and Cheong (1998), Li et al. (1998), Kashefipour and Falconer
(2002), Sahay and Dutta (2009), Etemad-Shahidi and Taghipour (2012), Li et al. (2013), Zeng
and Huai (2014), Wang and Huai (2016), Alizadeh et al. (2017), and Ukpaka and Agunwamba
(2024) are considered for comparison (also in Fig. 4). We observe that the K manifests
differing behavior in narrow and wide channels. In a narrow channel, the K augments as the
= increases. Conversely, the K in a wide channel decline with an augmentation in = An
increase in ='is associated with an amplification in the near-bed velocity gradient (Dey et al.
2023; 2024). Consequently, the reinforcement of differential advection between adjacent fluid
layers enhances shear-induced dispersion. The shear-induced dispersion promotes the
longitudinal spreading of pollutants causing an increase in K. The contrasting behavior
observed in wide channels may be owing to the dominance of transverse turbulent mixing over
shear-induced spreading. The augmented lateral and vertical mixing in a wide channel
promotes rapid homogenization of the pollutant concentration across the channel cross-section.
Consequently, the K diminishes. A look at Figs. 2—3 reveal substantial variability in the K
obtained from the various existing relations. Moreover, it is evident that the existing relations
fail to capture the contrasting behaviors of the K in narrow and wide channels. The observation
suggests that, compared to the existing relations, the proposed formulation provides a more
reliable representation of dispersion behavior, particularly in distinguishing between narrow
and wide channel regimes.
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Fig. 1 Comparison of the predicted dimensionless dispersion coefficient K with the observed

field data of various authors.
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Fig. 2 Variations of the predicted dimensionless dispersion coefficient K with the shear
velocity ratio = in a narrow channel. The formulations proposed by Elder (1959), Fischer
(1967), Liu (1977), Iwasa and Iya (1991), Koussis and Rodriguez-Mirasol (1998), Seo and
Cheong (1998), Li et al. (1998), Kashefipour and Falconer (2002), Sahay and Dutta (2009),
Etemad-Shahidi and Taghipour (2012), Li et al. (2013), Zeng and Huai (2014), Wang and Huai
(2016), Alizadeh et al. (2017), and Ukpaka and Agunwamba (2024) are considered for
comparison.

The comparison with the considered existing relations reveals that, in narrow channels for
selected range of the shear velocity ratio, the formulations proposed by Seo and Cheong (1998),
Kashefipour and Falconer (2002), Sahay and Dutta (2009), Li et al. (2013), Wang and Huai
(2016), Zeng and Huai (2016), and Ukpaka and Agunwamba (2024) overpredict the K (Fig. 2
and 4). On contrary, the formulations proposed by Elder (1959) and Koussis and Rodriguez-
Mirasol (1998) underpredicts the K in narrow channels (Fig. 2 and 4). Besides, the
formulations of Iwasa and Iya (1991), Etemad-Shahidi and Taghipour (2012), and Alizadeh et
al. (2017) underpredicts and overpredicts the K for lower and higher values, respectively, of
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the selected range of the shear velocity ratio (Fig. 2 and 4). Conversely, the reverse is true for
Fischer (1967) and Li et al. (1998) (Fig. 2 and 4).

For wide channels in selected range of the shear velocity ratio, majority of the considered
formulations for comparison— Elder (1959), Fischer (1967), Iwasa and Iya (1991), Li et al.
(1998), Sahay and Dutta (2009), Etemad-Shahidi and Taghipour (2012), Li et al. (2013), Zeng
and Huai (2014), Alizadeh et al. (2017), and Ukpaka and Agunwamba (2024 —underpredicts
the K (Fig. 3 and 4). Conversely, Liu’s (1977) formulation overpredict the K (Fig. 3 and 4).
In addition, the relations proposed by Koussis and Rodriguez-Mirasol (1998), Seo and Cheong
(1998), and Wang and Huai (2016) underpredict and overpredict the K for lower and higher
magnitudes of the shear velocity ratio, respectively (Fig. 3 and 4). On the other hand, the
reverse is true for Kashefipour and Falconer (2002) (Fig. 3 and 4).

- - - Elder (1959) = Sahay and Dutta (2009)
--- Fischer (1967) e Etemad-Shahidi and Taghipour (2012)
--- Liu(1977) - -+ Lietal. (2013)

- - - lIwasa and Aya (1991) - ++ Zeng and Huai (2014)
- - - Koussis and Rodriguez-Mirasol (1998) - - - Wang and Huai (2016)
-+ Seo and Cheong (1998) - -+ Alizadeh et al. (2017)
--------- Lietal. (1998) - - - Ukpaka and Agunwamba (2024)
--------- Kashefipour and Falconer (2002) — Present study
200 .
150 A
" 100
50
0

Fig. 3 Variations of the predicted dimensionless dispersion coefficient K with the shear
velocity ratio Z'in a wide channel. The formulations proposed by Elder (1959), Fischer (1967),
Liu (1977), Iwasa and Iya (1991), Koussis and Rodriguez-Mirasol (1998), Seo and Cheong
(1998), Li et al. (1998), Kashefipour and Falconer (2002), Sahay and Dutta (2009), Etemad-
Shahidi and Taghipour (2012), Li et al. (2013), Zeng and Huai (2014), Wang and Huai (2016),
Alizadeh et al. (2017), and Ukpaka and Agunwamba (2024) are considered for comparison.
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Fig. 4 Variations of the predicted dimensionless dispersion coefficient K with the channel
aspect ratio f. The formulations proposed by Elder (1959), Fischer (1967), Liu (1977), Iwasa
and Iya (1991), Koussis and Rodriguez-Mirasol (1998), Seo and Cheong (1998), Li et al.
(1998), Kashefipour and Falconer (2002), Sahay and Dutta (2009), Etemad-Shahidi and
Taghipour (2012), Li et al. (2013), Zeng and Huai (2014), Wang and Huai (2016), Alizadeh et
al. (2017), and Ukpaka and Agunwamba (2024) are considered for comparison.

It is intriguing to examine the sensitivity of the dimensionless longitudinal dispersion
coefficient K with the channel aspect ratio . To this end, Fig. 4 furnishes the variations of the
dimensionless dispersion coefficient K with the channel aspect ratio . The shear velocity ratio
Zis considered equalling 0.1. We find that, for a given =] an increase in £ leads an amplification
in K . The observation may be ascribed to the amplified differential advection triggered by the
lateral velocity non-uniformity. The abrupt change in the predicted dispersion coefficient at S
equalling 10 reflects the threshold employed in the proposed model to delineate narrow and
wide channel regimes. Note that Etimad-Shahidi and Taghipour (2012) and Alizadeh et al.
(2017) considered this threshold equal to 30.6 and 28, respectively. However, the present study
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presumes narrow-wide threshold at 10. The consideration indeed offers better alignment with
the available field data as discussed in the previous section. For narrow channels, the present
predictions closely resemble with Fischer (1967), Iwasa and Iya (1991), Li et al. (1998),
Koussis and Rodriguez-Mirasol (1998), and Alizadeh et al. (2017). On the other hand, for wide
channels, the predictions are close to Kashefipour and Falconer (2002) and Alizadeh et al.
(2017). The observed inconsistencies in the predictions of existing relations may be attributable
to their neglect of the threshold governing the transition from narrow to wide channel behavior.

25

(a) ¢ (h)
16

¢ (mg/l)

(b) x (km)

Fig. 5 Pollutant concentration profiles in a narrow channel with instantaneous pollutant
release: (a) at various spatial locations and (b) at different time instants.

We now employ the proposed formulation for dimensionless dispersion coefficient to model
the pollutant dispersion in streams. Herein, we consider two pollutant release scenario:
instantaneous release and continuous release. Firstly, we consider the instantaneous release
case. The pollutant release scenarios, such as accidental chemical spills, leakage of hazardous
materials from pipelines, untreated wastewater release due to treatment failure, etc., are typical
examples of instantaneous release. We found that the dynamics of dispersion differ in narrow
and wide channels. Accordingly, the pollutant dispersion in narrow and wide channels are
simulated separately. Fig. 5 presents the pollutant concentration profiles at various spatial
locations and time instants for a narrow channel with aspect ratio £ equalling 6. The length of
the reach is taken as 6 km. The initial peak concentration co and the standard deviation of the
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Gaussian function o are presumed as 100 mg/l and 30, respectively. The Gaussian function is
considered to be centered at xo equal to 200 m. The shear velocity ratio Z'is taken as 0.08. We
observe that, for a given spatial location or time instant, the concentration profile manifests a
peak magnitude. However, the dispersion induced spreading causes the concentration peak to
decline as the pollutant plume travels downstream.

For continuous release of pollutants, Fig. 6 furnishes pollutant concentration profiles in a
narrow channel with aspect ratio fequal to 6. The consideration resembles intermittent effluent
discharges in streams. The shear velocity ratio = is presumed to be 0.08. We consider a
continuous pollutant release for 1.5 h with concentration at source equalling 100 mg/I. A look
on the concentration profiles reveal that the dispersion dynamics for continuous release case
differs than that of the instantaneous release case. The continuous pollutant release in a narrow
channel does not exhibit a well-defined concentration peak. Rather, the concentration remains
at its maximum magnitude over a finite temporal interval and spatial extent, forming a broad
plateau due to the sustained supply of contaminant mass. For the considered duration of
simulation, we do not observe any decay in the pollutant concentration peak. This may be
ascribed to the dominance of advection over diffusion for continuous release scenarios in
narrow channels.
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Fig. 6 Pollutant concentration profiles in a narrow channel with continuous pollutant release:
(a) at various spatial locations and (b) at different time instants.
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We now switch our attention to the case of wide streams. Fig. 7 presents the pollutant
concentration profiles in a wide channel with instantaneous release of pollutant. Akin to the
instantaneous release in narrow channels, the peak initial concentration co, standard deviation
of the Gaussian function o, and center of the Gaussian function xy are considered as 100 mg/I,
30, and 200 m, respectively. The length of the stretch is presumed to be 10 km. The shear
velocity ratio = 'and channel aspect ratio S are taken as 0.08 and 30, respectively. We observe
that the attenuation of the concentration profile peaks is more pronounced in wide channels
than in narrow channels. This is owing to the augmented dispersion coefficient, which
promotes greater spreading and dilution of the pollutant plume. Moreover, we found that the
concentration profiles recorded at a given location display a shorter rising limb and a longer
falling limb. This implies a relatively rapid arrival of the pollutant plume followed by a gradual
decline in concentration due to dispersion and dilution.
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Fig. 7 Pollutant concentration profiles in a wide channel with instantaneous pollutant release:
(a) at various spatial locations and (b) at different time instants.

Finally, we examine the continuous pollutant release scenario in a wide channel with
channel aspect ratio S equalling 30 (Fig. 8). The shear velocity ratio ='is presumed to be 0.08.
The pollutant with concentration 100 mg/l is released for 1.5 h. Unlike continuous release
scenario in narrow channels, the concentration profiles herein manifest a significant decay of
peak concentration. This is due to the augmentation in dispersion coefficient for wide channels.
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Moreover, we observe a sharp front in concentration profile at x equal to 1 km. This may be
ascribed to the initial dominance of advection over dispersion. The appearance of the sharp
front is congruent with the canonical observations (Wallis and Manson 2004; Ani et al. 2009).
The continuous release of pollutants maintains a higher peak concentration than that observed
in the instantaneous release case due to the sustained input of contaminant mass into the flow.

100
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100

2h
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20 A
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Fig. 8 Pollutant concentration profiles in a wide channel with continuous pollutant release: (a)
at various spatial locations and (b) at different time instants.

It is pertinent to compare the predictions of the employed numerical model with the existing
analytical solution (Guymer 1998; Jirka and Weitbrecht 2005; Chin 2006) for the instantaneous
pollutant release scenario. To this end, Fig. 9 furnishes a comparison of the numerical
predictions on concentration profiles with the classical analytical solution. The length of the
reach, initial pollutant concentration, channel aspect ratio, and shear velocity ratio are
considered as 25 km, 49.88 wg/l, 20, and 0.1, respectively. The standard deviation of the
Gaussian function is taken as 100. We discover that the numerical predictions with the
proposed formulation for dispersion coefficient are congruent with the analytical solution. This
highlights the reliability of the proposed model for dispersion coefficient. The numerical
solution predicts slightly lower peak concentrations than the analytical solution, which may be
attributed to the numerical diffusion introduced by the discretization scheme. Numerical
diffusion smoothens the concentration gradients, resulting in attenuation of the concentration
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425  peak and a broader pollutant plume. Furthermore, the analytical concentration profiles exhibit
426  aslight lag relative to the numerical profiles. This discrepancy may arise from the differences
427  in the treatment of advection and dispersion processes in analytical and numerical approaches.
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436  Fig. 10 Comparison of the numerically estimated pollutant concentration profiles with the field
437  observations of Atkinson and Devis (2000).
438

15



439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488

Finally, we compare the numerical predictions with the field observations of Atkinson and
Devis (2000) (Fig. 10). Atkinson and Devis (2000) performed field tracer studies in a selected
reach of the Severn River. The field measurements are taken over a stretch of 13.775 km. Note
that the numerical predictions are obtained considering field measurements at x equal to 210 m
as initial condition. In general, the numerical predictions are in agreement with the field
observations. However, compared to numerical predictions, the field observations manifest
slightly lower magnitudes of peak concentration. Moreover, the observed concentration
profiles appear to lead the concentration profiles obtained from the numerical framework. The
discrepancy may be attributed to the enhanced dilution, transient storage, lateral inflows, and
other mixing processes that are disregarded in the numerical framework. The leading
concentration profiles suggest faster pollutant transport in the field, possibly due to spatial
variability in flow velocity, preferential flow paths, or uncertainties in the estimated hydraulic
and dispersion parameters.

Conclusions

We examine the pollutant transport dynamics in rivers. Firstly, we propose new formulations
for longitudinal dispersion coefficient in narrow and wide channels. Based on the observed
trends in field-derived datasets, the threshold for demarcating narrow and wide channels is set
at channel aspect ratio equalling 10. The developed formulations unveil that the longitudinal
dispersion coefficient has a nonlinear dependency on the channel aspect ratio and shear velocity
ratio. Finally, the robustness of the proposed formulations is evaluated through comparison
with several existing formulations reported in the literature.

We then employ the proposed formulations of dispersion coefficient in one-dimensional
advection—dispersion equation to simulate the pollutant concentration profiles. The numerical
simulations are performed for instantaneous and continuous pollutant release scenarios in
narrow and wide channels. The pollutant concentration profiles in a narrow channel with
instantaneous release manifest a distinct peak concentration. Conversely, for continuous
release scenario, the pollutant concentration remains at its maximum magnitude for a finite
temporal interval and spatial extent. The observation may be ascribed to the sustained input of
pollutant and dominance of advection compared to dispersion in narrow channels. For
instantaneous release case, the enhanced dispersion in wide channels causes the intensified
attenuation of the concentration peak. Unlike the observed peak concentration for finite time
interval and spatial extent for continuous release case in narrow channels, the wide channels
characterize a decay of peak concentration. The predicted pollutant concentration profiles are
congruent with the classical analytical solution and field observations of Atkinson and Devis
(2000).

In essence, this study offers a reliable formulation for longitudinal dispersion coefficient.
Moreover, the study unveils the dynamics of pollutant transport for instantaneous and
continuous pollutant release scenarios in narrow and wide channels. However, herein, the
effects of river curvature, floodplain exchange, and vegetation resistance are disregarded. In
addition, this study does not account for reactive transport processes such as decay,
transformation, or biogeochemical interactions. Besides, the omnipresent three-dimensional
aspects are not considered herein. These aspects may be explored in future studies to further
enhance the applicability and robustness of the proposed framework.

References

Abderrezzak KEK, Ata R, Zaoui F (2015) One-dimensional numerical modelling of solute
transport in streams: the role of longitudinal dispersion coefficient. ] Hydrol 527(June):978—

16



489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538

989. http://dx.doi.org/10.1016/j.jhydrol.2015.05.061

Alizadeh MJ, Ahmadyar D, Afghantoloee A (2017) Improvement on the existing equations for
predicting longitudinal dispersion coefficient. Water Resour Manage 31(March):1777—
1794. https://doi.org/10.1007/s11269-017-1611-z

Ani EC, Wallis S, Kraslawski A, Agachi PS (2009) Development, calibration and evaluation
of two mathematical models for pollutant transport in a small river. Environ Model Softw
24(10):1139-1152. https://doi.org/10.1016/j.envsoft.2009.03.008

Atkinson TC, Davis PM (2000) Longitudinal dispersion in natural channels:1. experimental
results from the River Severn, UK. Hydrol Earth Syst Sci 4(3):345-353.

Balf MR, Noori R, Berndtsson R, Ghaemi A, Ghiasi B (2018) Evolutionary polynomial
regression approach to predict longitudinal dispersion coefficient in rivers. J] Water Supply
Res Technol. 67(5):447—-457. https://doi.org/10.2166/aqua.2018.021

Bencala KE, Walters RA (1983) Simulation of solute transport in a mountain pool-and-riffle
stream: a transient storage model. Water Resour Res 19(3): 718—724.

Chapra SC (1997) Surface Water-Quality Modeling. 1 edn., Waveland Press, INC., Illinois,
US.

Chen L, Zhu J, Young MH, Susfalk RB (2009) An integrated approach for modeling solute
transport in streams and canals with applications. J Hydrol 378(1-2):128-136.
https://doi.org/10.1016/j.jhydrol.2009.09.012

Chin DA (2006) Water-Quality Engineering in Natural Systems. 1* edn., John Wiley & Sons,
New Jersey, US.

da Silva GIM, Mannich M, Perez ABA, Chaffe PLB (2025) Longitudinal dispersion coefficient
based on hydraulic geometry of streams and rivers. Adv Water Resour 205(August):105065.
https://doi.org/10.1016/j.advwatres.2025.105065

De Smedt F (2006) Analytical solutions for transport of decaying solutes in rivers with transient
storage. J Hydrol 330(3—4): 672—680. https://doi.org/10.1016/j.jhydrol.2006.04.042

Deng ZQ, Singh VP, Bengtsson L (2001) Longitudinal dispersion coefficient in straight rivers.
J Hydraul Eng 127(11):919-927. https://doi.org/10.1061/(ASCE)0733-
9429(2001)127:11(919)

Devens JA, Barbosa Junior AR, da Silva GQ (2006) Longitudinal dispersion coefficient
quantification = model of streams. Eng Sanit Ambient 11(3):269-276.
https://doi.org/10.1590/S1413-41522006000300010

Dey S (2024) Fluvial hydrodynamics: hydrodynamic and sediment transport phenomena.
Springer, Cham, Switzerland.

Dey S, Mahato RK, Ali SZ (2023) Turbulent shear flow over a downstream-skewed wavy bed:
analytical model based on the RANS equations with Boussinesq approximation. J Hydraul
Eng 149(9):04023028. https://doi.org/10.1061/JHEND8.HYENG-13577

Dey S, Mahato RK, Ali SZ (2024) Linear and weakly nonlinear instabilities of sand waves
caused by a  turbulent  flow. J  Hydraul Eng 150(3):04024005.
https://doi.org/10.1061/JHEND8. HYENG-13760

Elder J (1959) The dispersion of marked fluid in turbulent shear flow. J Fluid Mech 5(4):544—
560. https://doi.org/10.1017/S0022112059000374

Etemad-Shahidi A, Taghipour M (2012) Predicting longitudinal dispersion coefficient in
natural  streams using M5’ model tree. J Hydraul Eng 138(6):542—
554 https://doi.org/10.1061/(ASCE)HY.1943-7900

Fischer HB (1967) The mechanics of dispersion in natural streams. J Hydraul Div 93(6):187—
216. https://doi.org/10.1061/JYCEAIJ.0001706

Fischer HB, List EJ, Koh RCY, Imberger J, Brooks NH (1979) Mixing in inland and coastal
waters. 1% edn., Academic Press, California, US. https://doi.org/10.1016/C2009-0-22051-4

Ghaemi A, Zhian T, Pirzadeh B, Monfared SH, Mosavi A (2021) Reliability-based design and

17



539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588

implementation of crow search algorithm for longitudinal dispersion coefficient estimation
in rivers. Environ Sci Pollut Res 28(July):35971-35990. https://doi.org/10.1007/s11356-
021-12651-0

Godfrey RG, Frederick BJ (1970) Stream dispersion at selected sites. US Geological Survey
Professional Paper 433-K, Washington, DC, US.

Guo G, Cheng G (2019) Mathematical modelling and application for simulation of water
pollution accidents. Process Saf Environ Prot 127(July):189-196.
https://doi.org/10.1016/j.psep.2019.05.012

Guymer I (1998) Longitudinal dispersion in sinuous channel with changes in shape. J Hydraul
Eng 124(1):33—-40. https://doi.org/10.1061/(ASCE)0733-9429(1998)124:1(33)

Hoffmann KA, Chiang ST (2000) Computational fluid dynamics volume 1. 4™ edn.,
Engineering Education System, Kansas, US.

Hunt B (2006) Asymptotic solutions for one-dimensional dispersion in rivers. J Hydraul Eng
132(1): 87-93. https://doi.org/10.1061/(ASCE)0733-9429(2006)132:1(87)

Isma F, Kusuma MSB, Adityawan MB, Nugroho EO (2025) Spatiotemporal variations of
Manning’s roughness coefficient in the estuary of Langsa River based on field
measurements and hydraulic modeling. J Hydrol Reg Stud 61(October):102632.
https://doi.org/10.1016/j.€jrh.2025.102632

Iwasa Y, Aya S (1991) Predicting longitudinal dispersion coefficient in open channel flows.
In: Proceedings of the international symposium on environmental hydraulics, Hong Kong,
pp 505-510.

Jirka GH, Weitbrecht V (2005) Mixing models for water quality management in rivers:
continuous and instantaneous pollutant releases. In: Czernuszenko, W., Rowinski, P.M.
(eds) Water Quality Hazards and Dispersion of Pollutants. Springer, Boston, MA.
https://doi.org/10.1007/0-387-23322-9 1

Kashefipour SM, Falconer RA (2002) Longitudinal dispersion coefficients in natural channels.
Water Res 36(6):1596—-1608. https://doi.org/10.1016/S0043-1354(01)00351-7

Koussis AD, Rodriguez-Mirasol J (1998) Hydraulic estimation of dispersion coefficient for
streams. J Hydraul Eng 124(3):317-320. https://doi.org/10.1061/(ASCE)0733-
9429(1998)124:3(317)

Launay M, Coz JL, Camenen B, Walter C, Angot H, Dramaisa G, Faure JF, Coquery M (2015)
Calibrating pollutant dispersion in 1-D hydraulic models of river networks. J Hydro-
environment Res 9(1): 120-132. https://doi.org/10.1016/j.jher.2014.07.005

Li X, Liu H, Yin M (2013) Differential evolution for prediction of longitudinal dispersion
coefficients in natural streams. Water Resour Manag 27(15):5245-5260.
https://doi.org/10.1007/s11269-013-0465-2

Li ZH, Huang J, Li J (1998) Preliminary study on longitudinal dispersion coefficient for the
gorges reservoir. In: Proceedings of the seventh international symposium environmental
hydraulics 16e18 December, Hong Kong, China.

Liu H (1977) Predicting dispersion coefficient of streams. J. Environ. Eng Div 103(1):59-69.
https://doi.org/10.1061/JEEGAV.0000605

McQuivey RS, Keefer TN (1974) Simple method for predicting dispersion in streams. J
Environ Eng Div 100(4):997-1011. https://doi.org/10.1061/JEEGAV.0000247

McQuivey RS, Keefer TN (1974) Simple method for predicting dispersion in streams. J
Environ Eng Div 100(4): 997—1011. https://doi.org/10.1061/JEEGAV.0000247

Memarzadeh R, Zadeh HG, Dehghani M, Riahi-Madvar H, Seifi A, Mortazavi SM (2020) A
novel equation for longitudinal dispersion coefficient prediction based on the hybrid of
SSMD and whale optimization algorithm. Sci Total Environ 716(May):137007.
https://doi.org/10.1016/j.scitotenv.2020.137007

Moghaddam MB, Mazaheri M, Samani JM (2017) A comprehensive one-dimensional

18



589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638

numerical model for solute transport in rivers. Hydrol Earth Syst Sci 21(1):99-116.
https://doi.org/10.5194/hess-21-99-2017

Najafzadeh M, Tafarojnoruz A (2016) Evaluation of neuro-fuzzy GMDH-based particle swarm
optimization to predict longitudinal dispersion coefficient in rivers. Environ Earth Sci
75(January):157. https://doi.org/10.1007/s12665-015-4877-6

Noori R, Deng Z, Kiaghadi A, Kachoosangi FT (2016) How reliable are ANN, ANFIS, and
SVM techniques for predicting longitudinal dispersion coefficient in natural rivers? J
Hydraul Eng 142(1): 04015039. https://doi.org/10.1061/(ASCE)HY.1943-7900.0001062

Noori R, Karbassi A, Farokhnia A, Dehghani M (2009) Predicting the longitudinal dispersion
coefficient using support vector machine and adaptive neuro-fuzzy inference system
techniques. Environ Eng Sci 26(10):1503-1510. https://doi.org/10.1089/ees.2008.0360

Noori R, Mirchi A, Hooshyaripor F, Bhattarai R, Torabi Haghighi A, Kleve B (2021)
Reliability of functional forms for calculation of longitudinal dispersion coefficient in
rivers. Sci Total Environ 791(June):148394.
https://doi.org/10.1016/j.scitotenv.2021.148394

Nordin, CE, Sabol GV (1974) Empirical data on longitudinal dispersion in rivers. US
Geological Survey, Water Resour. Investigation 20-74, Washington, DC, USA.

Oliveira VV, Mateus MV, Gongalves JCSI, Utsumi AG, Giorgetti MF (2017) Prediction of the
longitudinal dispersion coefficient for small watercourses. Acta Sci Technol 39(3):291-299.
https://doi.org/10.4025/actascitechnol.v39i3.29397

Oliveira VVD (2013) Quantificag¢do e avaliagdo do coeficiente de dispersdao longitudinal em
cursos d’agua. MSc Thesis, University of Sdo Paulo.

Palu MC, Julien PY (2019) Modeling the sediment load of the Doce River after the Fundao
Tailings  Dam  collapse, Brazil. J Hydraul  Eng 145(5):05019002.
https://doi.org/10.1061/(ASCE)HY.1943-7900.0001582

Parsaie A, Emamgholizadeh S, Azamathulla HM, Haghiabi AH (2018) ANFIS-based PCA to
predict the longitudinal dispersion coefficient in rivers. Int J Hydrol Sci Technol 8(4):410—
424. https://doi.org/10.1504/IJHST.2018.095537

Parsaie A, Haghiabi AH (2015) Predicting the longitudinal dispersion coefficient by radial
basis function neural network. Model Earth Syst Environ 1(October):34.
https://doi.org/10.1007/s40808-015-0037-y

Pelletier GJ, Chapra CS, Tao H (2006) QUAL2Kw—a framework for modelling water quality
in streams and rivers using a genetic algorithm for calibration. Environ Model Softw 21(3):
419-425. https://doi.org/10.1016/j.envsoft.2005.07.002

Pereira CE, Salla MR, Frasson VM, Alamy Filho JE, de Lima G (2016) Dispersao de poluentes
em cursos de agua interceptados pela rodovia BR-050, na regido do Tridngulo Mineiro,
Minas Gerais, Brasil. Acta Sci Technol 38(2):153-161.
https://doi.org/10.4025/actascitechnol.v28i2.27742

Ramezani M, Noori R, Hooshyaripor F, Deng Z, Sarang A (2019) Numerical modelling-based
comparison of longitudinal dispersion coefficient formulas for solute transport in rivers.
Hydrol Sci J 64(7):808-819. https://doi.org/10.1080/02626667.2019.1605240

Ribeiro CBM, da Silva DD, Soares JHP, Guedes HAS (2010) Development and validation of
an equation to estimate longitudinal dispersion coefficient in medium-sized rivers. Eng
Sanit Ambient 15(4):393—400. https://doi.org/10.1590/S1413-41522010000400012

Sahay RR (2011) Prediction of longitudinal dispersion coefficients in natural rivers using
artificial neural network. Environ Fluid Mech 11(May):247-261.
https://doi.org/10.1007/s10652-010-9175-y

Sahay RR, Dutta S (2009) Prediction of longitudinal dispersion coefficients in natural rivers
using genetic algorithm. Hydrol Res 40(6):544—-552. https://doi.org/10.2166/nh.2009.014

Schmid BH (2004) Simplification in longitudinal transport modeling: case of instantaneous

19



639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688

slug release. J Hydrol Eng 9(4): 319-324. https://doi.org/10.1061/(ASCE)1084-
0699(2004)9:4(319)

Seifi A, Riahi-Madvar H (2019) Improving one-dimensional pollution dispersion modeling in
rivers using ANFIS and ANN-based GA optimized models. Environ Sci Pollut Res
26(January):867—885. https://doi.org/10.1007/s11356-018-3613-7

Seo IW, Cheong TS (1998) Predicting longitudinal dispersion coefficient in natural streams. J
Hydraul Eng 124(1):25-32. https://doi.org/10.1061/(ASCE)0733-9429(1998)124:1(25)

Sooky AA (1969) Longitudinal dispersion in open channels. J. Hydr. Div. 95(4):1327-1346.
https://doi.org/10.1061/JYCEAJ.0002129

Tayfur G (2006) Fuzzy, ANN, and regression models to predict longitudinal dispersion
coefficient in natural streams. Hydrol Res 37(2):143—-164.
https://doi.org/10.2166/nh.2006.0012

Tayfur G, Singh VP (2005) Predicting longitudinal dispersion coefficient in natural streams by
artificial neural network. J Hydraul Eng 131(11):991-1000.
https://doi.org/10.1061/(ASCE)0733-9429(2005)131:11(991)

Taylor G (1953) Dispersion of soluble matter in solvent flowing slowly through a tube. Proc
Royal Soc A 219(1137):186-203. https://doi.org/10.1098/rspa.1953.0139

Taylor G (1954) Dispersion of matter in turbulent flow through a pipe. Proc Royal Soc A
223(1154):446-468. https://doi.org/10.1098/rspa.1954.0130

Toprak ZF, Cigizoglu HK (2008) Predicting longitudinal dispersion coefficient in natural
streams by artificial intelligence methods. Hydrol Process 22(20):4106—4129.
https://doi.org/10.1002/hyp.7012

Ukpaka C, Agunwamba JC (2024) Comparative analysis of tracer studies in the determination
of longitudinal dispersion coefficient. Water Sci Technol 89(9):2209-2224.
https://doi.org/10.2166/wst.2024.116

van Genuchten MT, Alves WIJ (1982) Analytical solutions of the one-dimensional
convective—dispersive solute transport equation. Technical Bulletin No. 1661, Washington,
DC, US, pp 1-151.

Wallis SG, Manson JR (2004) Methods for predicting dispersion coefficients in rivers. Proc
Inst Civ Eng Water Manag 157(3):131-141. https://doi.org/10.1680/wama.2004.157.3.131

Wallis SG, Manson JR (2004) Methods for predicting dispersion coefficients in rivers. Proc
Inst Civ Eng Water Manag 157 (WM3): 131-141.
https://doi.org/10.1680/wama.2004.157.3.131

Wang Y, Huai W (2016) Estimating the longitudinal dispersion coefficient in straight natural
rivers. J Hydraul Eng 142(11):04016048. https://doi.org/10.1061/(ASCE)HY.1943-
7900.0001196

Wilson, CAME, Guymer I, Boxall JB, Olsen NRB (2007) Three-dimensional numerical
simulation of solute transport in a meandering self-formed river channel. J Hydraul Res
45(5): 610-616. https://doi.org/10.1080/00221686.2007.9521797

Yotsukura N, Cobb ED (1972) Transverse diffusion of solutes in natural streams. US
Geological Survey, Professional Paper 582-C, Washington, DC, US.

Yotsukura N, Fischer HB, Sayre WW (1970) Measurement of mixing characteristics of the
Missouri River between Sioux City, lowa, and Plattsmouth, Nebraska. US Geological
Survey, Water-Supply Paper 1899-G, Washington, DC, US.

Zeng Y, Huai W (2014) Estimation of longitudinal dispersion coefficient in rivers. J Hydro
Environ Res 8(1):2—8. https://doi.org/10.1016/j.jher.2013.02.005

Zhang J, Zhong S, Wang W, Li Z, Li P, Liu J, Guo M, Jia L, Deng M (2026) Simulation of
pollutant transport and identification of longitudinal dispersion coefficient in vegetated
channels based on a vegetation-constrained physics-informed neural network. J Hydrol
677:135849. https://doi.org/10.1016/j.jhydrol.2026.135849

20



689
690
691
692

693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713

714

715
716

Zhang Y, Aral M (2004) Solute transport in open-channel networks in unsteady flow regime.
Environ Fluid Mech 4(3): 225-247.
https://doi.org/10.1023/B:EFMC.0000024237.17777.b1

Declarations

Acknowledgements The authors acknowledge the working facilities provided by Maulana
Azad National Institute of Technology Bhopal.

Funding The authors declare that no funds, grants, or other support were received during the
preparation of this manuscript.

Author contributions Conceptualization, A.K., R.K.M and H.K; Methodology, A.K. and
R.K.M.; Software, A.K. and R.K.M.; Formal analysis, A.K. and R.K.M.; Writing—original
draft preparation, A.K. and R.K.M.; Writing—review and editing, A.K., R.K.M and H.K;;
Supervision, R.K.M. and H.K.

Ethics approval Not applicable. This study does not involve any human or animal subjects
requiring ethics approval.

Consent to participate Not applicable
Consent for publication All authors consent to the publication of this manuscript.

Competing interests The authors declare no competing interests.

Data availability The datasets generated and analyzed during the current study are made
available as supplementary material.

21



Supplementary Files

This is a list of supplementary files associated with this preprint. Click to download.

e SupplementarymaterialESPRJune222026.docx


https://assets-eu.researchsquare.com/files/rs-10433844/v1/3c8bcb0fa5d32444a7187064.docx

