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Abstract

Sediment deposition in surface water bodies can have a range of signifi cant impacts, aff ecting everything from the aquatic ecosystem to water quality and infrastructure. It 
can aff ect the availability of food sources for aquatic organisms; and change the physical structure of habitats, such as riverbeds and lake bottoms. It can equally smother aquatic 
plants and animals, leading to a decline in biodiversity. A model of the governing equations of particle motion and fl uid fl ow was developed with COMSOL Multiphysics 5.3a. With a 
coeffi  cient of determination of 0.99, the model result demonstrated good agreement after result validation using experimental data. According to study fi ndings, sediments in the 
study area, Ele River move more slowly than sediments in the midstream which causes a high deposition of sediments at the river banks. This sediment deposition aff ects the irrigation 
system for crop production considering the ability of the sediments to block sprinkler nozzles which limits it from supplying suffi  cient water for the production of crops.

1. Introduction

Industrial wastewater often contains hazardous 
chemicals including heavy metals, organic pollutants, and 
toxic substances that can contaminate surface waters. Since 
sediment deposition alters the volume of fl ow against the 
natural bathymetry, sediments have a substantial impact on the 
fl ow characteristics of the river [1]. Sediments in surface water 
originate from natural sources like soil erosion, weathering of 
rocks and organic matter, as well as anthropogenic activities 
such as construction, mining, agriculture, and deforestation. 
Coarse particles like gravel and sand roll, slide or bounce along 
the riverbed due to water fl ow. Finer particles like silt and clay 
that remain suspended in the water column are carried by the 
fl ow while soluble materials are carried in solution, such as 
minerals and salts.

Nutrient-rich wastewater, particularly from food 
processing and agricultural industries, can lead to 
eutrophication. Numerous substances, such as metals [2], 
Polycyclic Aromatic Hydrocarbons (PAHs) [3], and biocides [4], 
have been discovered in treated effl uents. Thus, wastewater 

discharges whether treated or not have negative impacts on 
the aquatic ecosystem, treating the effl uents or wastes before 
discharge reduces the pollution contamination. Discharges of 
heated water from power plants and manufacturing industries 
can raise the temperature of receiving water bodies, altering 
habitat conditions and negatively affecting species that are 
sensitive to temperature changes. Sediment deposition occurs 
when the velocity of the water decreases, reducing its capacity 
to transport sediment. This can happen due to a decrease in 
slope or fl ow rate, or obstacles in the fl ow, such as rocks, 
vegetation, or human-made structures.

Sediment transport and deposition are essential for 
maintaining diverse and healthy aquatic habitats, supporting 
food webs, and nutrient cycling. Human activities, such as 
dam construction, river channelization, and deforestation, 
can disrupt natural sediment transport, leading to erosion 
or excessive deposition in unintended areas, which can harm 
ecosystems and infrastructure. Toxin concentrations in water 
with high suspended sediment content can occasionally rise 
due to pesticides, certain metals, and other toxins adhering to 
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suspended particles [5]. Industrial discharges can introduce 
high levels of pathogenic microorganisms into surface waters, 
particularly when wastewater treatment is inadequate. 
Wastewater from manufacturing activities has progressively 
increased due to accelerated urbanization [6].

Effl uents from industries like mining and manufacturing 
can alter the pH of surface waters, making them too acidic 
or alkaline. The aquatic ecology has been severely damaged 
by water pollution, necessitating potential remedies [7]. 
High sediment loads from industrial discharges can increase 
water turbidity, which reduces light penetration and affects 
photosynthesis in aquatic plants. Another factor lowering 
water quality is improper disposal of gravel, sand, and solid 
debris [8].

However, the main causes of water pollution are natural 
disasters, industrialization, agriculture, inadequate sewage 
treatment systems, and inadequate water supplies [9]. 
Thus, this study concentrates on water quality modeling of 
wastewater discharges of Ele River Nnewi for the prediction 
of sediment transport and deposition during the rainy season. 
The sources of these effl uent discharges are from industries 
located upland before the Ele River which include Chikason 
industries, RIMCO vegetable oil industries, and the Tummy-
Tummy foods industry.

2.Surface water pollution from effl uent dis-
charges and wastewater

Pollution of surface waters by effl uent discharges from 
industries has been a signifi cant environmental concern 
globally. Industrial effl uents often contain a variety of hazardous 
chemicals, including heavy metals (e.g., lead, mercury, 
cadmium), organic pollutants (e.g., solvents, pesticides), and 
toxic substances (e.g., cyanides, phenols). These pollutants 
can have detrimental effects on water quality and aquatic life. 
For example, the release of untreated wastewater into coastal 
waters may result in bacterial pollution, rendering the water 
unsuitable for recreational activities such as swimming [10]. 
Such contamination can lead to bioaccumulation in aquatic 
organisms, posing risks to the food chain and human health.

Effl uents from industries such as agriculture, food 
processing, and fertilizers can contain high levels of nutrients, 
particularly nitrogen and phosphorus. These nutrients 
contribute to eutrophication, a process that results in excessive 
growth of algae and aquatic plants, leading to oxygen depletion 
in water bodies. This condition, known as hypoxia, creates dead 
zones where aquatic life cannot survive. For example, runoff 
from farms containing fertilizers can cause lakes to become 
eutrophic, which kills fi sh by depleting their oxygen reserves 
[11].

Industries such as power plants and manufacturing 
facilities often discharge heated water into nearby rivers and 
lakes, causing thermal pollution. Elevated water temperatures 
can reduce dissolved oxygen levels and disrupt the natural 
thermal regime of aquatic ecosystems, which can be particularly 
harmful to temperature-sensitive species such as fi sh and 
invertebrates. 

Industrial effl uents can also introduce pathogenic 
microorganisms into surface waters, including bacteria, 
viruses, and protozoa. This is particularly concerning for 
industries like food processing and pharmaceuticals, where 
wastewater can carry high loads of microbial contaminants. 
Industrial discharges can alter the pH of receiving waters, 
making them too acidic or alkaline. For example, effl uents 
from mining and chemical industries often contain acids or 
bases that can disrupt the pH balance of surface waters. The 
link between pH and dissolved oxygen levels in water has been 
highlighted by studies conducted by Brown, et al. [12]. They 
discovered that the solubility of oxygen also declines with pH, 
which lowers oxygen availability for aquatic life. Fish and other 
aquatic animals may suffer as a result of hypoxic circumstances. 
Moreover, the presence of toxic substances in effl uents, such as 
ammonia, sulfi des, and heavy metals, can further exacerbate 
these effects. Effl uents containing suspended solids can 
increase the turbidity of surface waters, which reduces light 
penetration and affects photosynthesis in aquatic plants. High 
turbidity can also smother benthic habitats and clog the gills of 
fi sh, leading to reduced oxygen uptake and stress. Persistent 
pollutants in industrial effl uents, such as polychlorinated 
biphenyls (PCBs), dioxins, and heavy metals, can accumulate 
in the tissues of aquatic organisms and magnify up the food 
chain. This bioaccumulation can have severe impacts on top 
predators, including humans who consume contaminated fi sh 
and shellfi sh.

3. Methodology

3.1 Study area

The study area is located at Umudim Nnewi, Anambra State. 
The latitudes of the study region Nnewi are 6° 16’ N and 6° 
55’ N, while the longitudes are 6° 91’ E and 6° 55’ E. It has a 
tropical climate. Its yearly average is 200 mm of rain and a 
mean temperature of 27 °C. The April through October has a lot 
of rainfall, however, reduced humidity, increased warmth, and 
little rainfall describe the November through February months. 
Elevation River is a signifi cant body of water since it fulfi lls 
many functions including household and agricultural needs. By 
2006, 391,227 people are thought to live in Nnewi, according to 
the census in Nigeria. With a total area of 1,076.9 square miles 
(2,789 km2) in the state of Anambra, Nnewi. 

Flow velocity was measured using a Geopacks ZMFP-126S 
hand-held stream fl ow meter. Stream velocity at the inlet of the 
major tributary was measured at the surface midstream because 
fl ow velocity is greatest at midstream and slowest along the 
bed and banks due to friction. The measurements were carried 
out in the rainy season (July and August 2024). Sediments 
signifi cantly infl uence the fl ow properties, because not only 
does sediment deposition change the natural bathymetry (bed 
surface level/bottom confi guration) it also affects the storage 
capacity of the channel. Waterbody sedimentation and re-
suspension have been examined in many research [13,14]. 

In the study, the complexity was minimized, as well as 
the required computing capacity by using two-dimensional 
(2D) Computational Fluid Dynamics (CFD). The Comsol 
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Multiphysics® Version 5.3a used in this study is a powerful 
tool that allows the modeling and solving of different types of 
physical phenomena, based on Partial Differential Equations 
(PDEs).

3.2 Modeling using computational fl uid dynamics 
model

Several steps are involved in the modeling process of Comsol 
Multiphysics. These include building up space geometry, 
selecting the appropriate physics that describes the problem 
under investigation, assigning values and defi ning boundaries, 
and fi nally meshing.

3.3 Building the geometry of the tributary of Ele river

For this study, a 2D geometry of Ele River’s principal 
tributary was constructed. The choice of 2D model in this 
research was because it takes a shorter time to run and 
requires a comparably small amount of computer memory. 
The fi rst step in building the geometry of the river tributary is 
georeferencing and digitization. To georeference and digitize 
the region of interest in the Ele River, a physical vector map 
of Nnewi North LGA (Figure 3.1) was overlaid over the raster 
image of the study area in Google Earth as shown in Figure 3.2.

3.4 Selection of module

The fi rst step in selecting the appropriate module that 

describes the fl ow of water in the tributary and that models 
sediment transport is to evaluate the fl ow conditions (i.e. 
whether the fl ow is laminar or turbulent). To do that, the 
Reynolds Number (Re) of the measured fl ow velocity was 
calculated using the following equation:

Vl
Re

μ


                    3.1

Where Re is Reynolds Number (Dimensionless); ρ is the 

density of water (kg/m3); V is the velocity of water (m/s); L is 
the characteristic of length (m) and μ is the dynamic viscosity 
of water.

The foundation of fl ow dynamics in Comsol is provided by 
the Navier-Stokes equations, which are as follows: 
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Where ρ is density; u is velocity; p is pressure; τ is viscous 
stress tensor and F is volume force vector

Equations 3.2 and 3.3 are conservation of mass and Equation 
3.25 is conservation of momentum. For a Newtonian fl uid, 
which has a linear relationship between stress and strain, the 
viscous stress tensor is given as:
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Where μ is the dynamic viscosity (Pa.s) and S is the strain-
rate tensor given as:

 1
( )

2

T
S u u                   3.5

Thus, for a compressible fl ow, the momentum equation 
becomes:
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Figure 3.2: Map Overlay on Google Earth Pro.

Figure 3.1: Map of Nnewi showing Ele River [15].
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When the temperature variations in the fl ow are small, It is 
common to assume that a single-phase fl uid is incompressible, 
meaning that ρ is either constant or almost constant. For 
constant ρ, the continuity equation (Equation 3.3) reduces to

.( ) 0u                   3.7

Equation 6 becomes

     .  .[ ]
u T

u u pI μ u u F
t

 


         


           3.8

For particle tracing, the default and most common 
formulation, the Newtonian formulation was employed. Based 
on Newton’s second law of motion, it defi nes a set of second-
order ordinary differential equations for the particle position 
components, which are as follows:

  
du d

m Fp
dt dt


 
 
 

q
               3.9

Where q is the particle position (m), mp is the particle mass 
(kg), and F is the total force on the particles (N).

4. Results and discussion

4.1 Solving the model

Once the modeling processes are completed, the simulation 
stage can be executed. The simulation process comprised 
two stages, the fi rst step of the simulation was the steady 
state determination of hydrodynamic components of fl ow, 
particularly velocity fi eld (u) and pressure (p), using the 
turbulent fl ow interface. Determination of these components 
for the fl ow was necessary for the next step. The second stage 
was computing the time-dependent particle transmission 
using a particle fl ow module. A simulation time of the 2000s 
was maintained for all the scenarios to estimate the amount 
of particles transmitted from the inlet to the outlet. A desktop 
computer (Intel Core i7-2600 Processor at 3.4GHz with 8.00GB 
RAM) was used to run the simulations. The solution converged 
and produced particle positions at different times within the 
system.

4.2 Velocity distribution in modeling and simulation 
of sediment transport

Ele River fl ow is characterized by a temporal pattern in 
the fl ow velocity, the model output for the two-dimensional 
velocity magnitudes in the river tributary, obtained for July 
and August 2024 is visualized in fi gures 4.1 and 4.2. Based on 
the color range displayed outside the model, the maximum 
fl ow velocity of the model can be determined. Flow velocity at 
locations within river tributary geometry can be identifi ed by 
clicking at the point around the location and the system will 
pop up the value of the velocity.

Firstly, the direction of fl ow from the inlet towards the 
outlet can be identifi ed. Furthermore, the parts of the river 
channel where the fl ow intensity was greater can be distinct. 
Dead zones, which are regions of stagnation or extremely low 
fl ow velocity—occurred near the banks of the river tributary, 
as can be seen from the 2D plot.

The model output for pressure in the water channel, 

obtained for July and August in the fi rst stage of simulation is 

visualized in Figures 4.3 and 4.4. Pressure at different locations 

within river tributary geometry can be identifi ed by clicking at 

the point around the location and the system will pop up the 

value of the velocity.

4.3 Validation

Particle transmission is governed by the fl ow velocity and as 

such it is enough to validate the fl ow velocity from the model. 

To validate the model used in the simulation, the measured 

velocity at 6 sampling points was compared to simulated 

fl ow velocity values. The values of the two velocities and their 

percentage differences are presented in Table 4.1.

The percentage difference between the measured and 

simulated fl ow velocities was in the range of 2.6% to 10.4% 

in 2024. Apart from the percentage difference, the correlation 

between the measured and simulated velocity was evaluated 

using the correlation coeffi cient (R2) value. The correlation 

between the two velocities is presented in Figure 4.5.

Figure 4.1: Flow velocity distribution for July 2024 (Infl ow Velocity = 0.30m/s).

Figure 4.2: Flow velocity distribution for August 2024 (Infl ow Velocity = 0.33m/s).
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4.4 Particle transmission

The fl ow velocity in the channel had an impact on the 
particle’s motion. The results of the simulation of the 
trajectories of the particle from the inlet to the outlet of the 
river tributary for all the simulated conditions after 2000 sec 
simulation time are visualized in Figures 4.6 and 4.7.

The particle trajectory provided adequate information 
about sediment transport in the Ele River tributary. For all 
the simulated conditions, the particles at the banks had lower 
velocities compared to particles midstream. From the results 
of the simulation, it is evident that higher sediment deposition 
occurs at the banks due to stagnation. By using the transmission 
probability function in the particle tracing module, it was able 

to estimate the number of particles. The color at the midstream 
of the river shows the sediment transportation level while the 
color at the edge of the graph shows the sediment deposition. 
The percentage of the particle transmitted from the inlet to the 
outlet after 2000 sec simulation time was calculated.

5. Conclusion

This study employed CFD using Comsol Multiphysics 
software for the modeling and simulation of the fl ow and 
particle transmission in the Ele River tributary. The differences 

Table 4.1: Measured and simulated fl ow velocities for the year 2024.

Sampling Point Measured Velocity (m/s) Simulated Velocity (m/s) % Difference
1 0.07 0.0718 2.6

2 0.31 0.3259 5.1

3 0.14 0.1321 5.6

4 0.35 0.3865 10.4

5 0.12 0.1274 6.1

6 0.18 0.1869 3.8

Figure 4.3: Pressure distribution for July 2024.

Figure 4.4: Pressure distribution for August 2024.

y = 1.114x - 0.0121
R² = 0.9956

Si
m
ul
at
ed

Measured

Figure 4.5: The correlation between the measured and simulated velocity for the year 
2024.

Figure 4.6: Particle transmission for July 2024.

Figure 4.7: Particle transmission for August 2024.
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between the simulated and measured values were within 
acceptable limits. The model was able to explain 99% of the 
variability in the data set. The CFD model was able to highlight 
areas with a higher risk of sediment deposition, which can be 
used in the management of sediment load in the river. Higher 
sediment deposition occurred at the banks of the River due 
to stagnation since the particles at the River banks had lower 
velocities compared to particles midstream. This sediment 
deposition will also affect the irrigation system for crop 
production considering the ability of the sediments to block 
sprinkler nozzles which limits it from supplying suffi cient 
water for crop production. Finally, these high contaminations 
due to water salinity which causes salt deposits in the crop 
root zones will require the application of excess water to crops 
to meet up with the leaching requirements for crop growth. 
However, wastewater treatment will be preferable for the 
supply of good water of low conductivity for optimum crop 
production.

6. Limitations of the study 

This study is limited to water quality modeling of 
wastewater discharges for the prediction of sediment transport 
and deposition in surface water during the rainy season, 
precisely in July and August 2024.
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