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The negative effect of sediment on hydraulic structures makes sustainability one of the most important things
to consider in designing and operating of such structures. Intakes and pumping stations need a suitable strategy
for that purpose. A proposed strategy of pumping rate control is evaluated in this study. Also, sub-watershed
sediment control and the use of earth dykes are also examined. A suitable control code of the SSIIM2 model
was prepared to simulate the flow and sediment of a pumping station at Mosul dam reservoir as a case study,
which suffers from sedimentation problems. The results indicate that the maximum pumping rate increased the
amount of sediment withdrawn by about 16% compared to a reference value at 25% pumping capacity, and the
variation in the amount deposited in front of the intake was ±3%. The seasonal flow of the sub-watershed has a
significant effect on the reservoir’s sediment concentration, but it is limited to the rainfall period and the zone
of flow near the sub-watershed outlets. The most effective strategy was a dyke with a suitable pumping rate.
Siting the dyke correctly helps to reduce sediment deposition in front of and inside the structure by about 47 and
42%, respectively.

Notation
ci concentration of sediment size i (L3/L3)
di diameter of the ith particle size (L)
FR;i pickup rate of sediment size i due to erosion (L3/L3)
g acceleration due to gravity (L/T2)
k turbulent kinetic energy (L2/T2)
P dynamic pressure (M/(L/T2))
qb rate of the ith particle size of bed load transport

per unit width (L2/T)
t time (T)
Vi average velocity in three directions, i= 1, 2, 3 (L/T)
vivj Reynolds stress (M/(L/T2))
x spatial geometric scale (L) in the ith direction
Γ coefficient of diffusion (L2/T)
δij Kronecker delta, which is equal to 1 if i= j

and 0 if not
ρs sediment particle density (M/L3)
ρw density of water (M/L3)
ρω density of water (M/L3)
τ shear stress of the bed (M/(L/T2))
τc;i critical shear stress of particles of diameter di

(M/(L/T2))
υT turbulent eddy viscosity (L2/T)
ω fall velocity of particle size i (L/T)

1. Introduction
Dams and reservoirs are among the largest structures in the
world. They provide space and capacity to store water for
different purposes, such as water supply, irrigation, power
generation and flood control. A dam can serve one or more of
these functions; the latter is considered a multipurpose dam.
Construction of dams has a negative effect on sediment
balance in the river flow regime. One of the problems that
occurs after dam construction and operation is the accumu-
lation of sediment in the reservoir, leading to deposition of
sediment due to a reduction of river flow velocity and flow
transport capacity when the flow approaches the reservoir
inlet. To overcome this problem and keep the reservoir storage
capacity active, designers add more storage space, called dead
storage, to fit the expected deposited sediment during the
project. However, this additional storage does not overcome
the problematic sedimentation effect. Reservoir operation faces
a number of challenges other than storage capacity, such as
reduced water supply reliability and accumulation of sediment
near outlets and water intakes (Randle et al., 2019). Water
withdrawal towards intakes also causes sediment to deposit in
front of the intake structures, which affects the intake capacity,
or the sediment moves inside the structure and suction pipes or
conduits, causing a risk of damage to the intake facilities,
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pumps, valves and other equipment; in addition, at power
plants, it can erode turbines and corrode impellers
(Randle et al., 2019; SEPA 2019). Proper management of
reservoir sedimentation is important to sustain large projects
such as dam reservoirs and their infrastructure (power plants,
outlets, intakes etc.). For reservoir sustainability, watershed
sediment control, routing and flushing are common economic
techniques, but for the attached structures the matter is
different. By modifying the areas in front of the intake and in
the upstream river bank, the sedimentation problem of a
power station located on the Muskingum River in Columbus,
Ohio, USA, was effectively controlled using a hydraulic model
(Mansoujian et al., 2010). The study compared erosion-
promoting vanes and a skimming wall, and readjustment of
the area in front of the intake and upstream river bank. The
problem of sedimentation at the intake of the Rowd El-Farag
pump station on the Nile River was analysed (Moussa, 2011)
using a two-dimensional computational model developed by
the National Center for Computational Hydroscience and
Engineering at the University of Mississippi. Alternatives such
as dykes at different locations and ordination and dredging
have been studied to find the most efficient ways to control
sediment. The results indicate that dredging is the most suit-
able solution for the sustainability of such structures. The
locations of water intakes and the ability of various basins to
control and reduce the amount of sediment entering water
intakes have been studied in the laboratory (Hazbkhah et al.,
2010). The results showed that the outer curve of the flow
is more suitable for pumping stations where the sediment
concentration is relatively low, in addition to a number of
recommendations to reduce the effect of sediment on the
stations. The ability of mathematical and physical models to
simulate sediment deposition patterns in front of the intake on
the Ijok River in Malaysia was studied (Shahidan and Hasan,
2011). The intake suffered from an accumulation of sediment,
affecting the intake flow capacity. Good agreement between
the numerical and physical models when comparing accumu-
lated sediment was obtained. This indicates the ability of the
two-dimensional mathematical model to carry out sediment
simulation, and using a dyke can reduce the negative effect of
sediment. An analysis of sediment deposition along the Dez
River reach, behind the Dez reservoir and near the division
weir on the same river, was conducted by applying SHARC
software (Mansoujian et al., 2010). The results indicated that
about 85% of the suspended sediment in the flow entered the
intake. Flow hydraulics and sedimentation in water intakes and
a main rectangular canal were studied using simulation of
sediment movement in water intake for multiblock option
(SSIIM2) and compared with experimental results (Asharİ and
Merufİnİa, 2015). A flow velocity distribution profile and
sediment inflow to the intake and main canal at different
sections were also simulated using the considered three-
dimensional model. The model performance was in agreement

with experimental and other previous studies for both flow
and sediment pattern in front of the intake. A simulation
of multi-dimensional hydrodynamic flows and transport
phenomena, including the Delft3D sediment model, was
applied for sedimentation analysis near the diversion intake of
the Gash Spate Irrigation Scheme on the Gash River in Sudan
(Zenebe et al., 2015). The study aimed to find a solution to the
problem of sedimentation reducing the intake capacity to 75%
due to deposition of 1.5 m depth. The model showed good
agreement with measured water level values for calibration and
validation, and the sediment could be reduced to almost zero
if additional fans of different lengths and at different locations
were used. An experiment was conducted using a rectangular
laboratory model to study the ability of submerged vanes to
control the sediment entering the intake of a canal by modify-
ing and improving the flow pattern (Sruthi et al., 2017).
Different angles and vane spacing were considered, and the
results indicate that increasing the distance of vanes from
the intake inlet decreased the eroded sediment to the intake,
while the sediment load entering the intake decreased with
an increasing number of vanes and increased with increased
vane spacing.

The review of earlier studies and suggested suitable techniques
to control the sediment effect of pumping stations and intakes
indicates that these studies focused on sediment transport
analysis and applying different structural techniques to control
deposition and its effect on areas neighbouring the intakes.
However, there was a lack of studies focusing on the effect of
the pumping rate on sediment deposition in front of intakes
and how it affects the amount of sediment that can be carried
inside the structure and pumps. This situation and possible
strategies are considered as the research study aims by
preparing a suitable control code for the SSIIM2 model to
find the most efficient techniques to control the sediment
effect. The pumping station of the Mosul dam reservoir, which
suffers from sediment accumulation in the trapping basin in
front of the intake and inside the intake and suction conduit,
is considered as a case study. Sedimentation reduces the
pumping capacity and affects the sustainability of station
operation.

2. Study area
The studied area is the sediment trapping basin of Mosul
dam’s pumping station of the North Al Jazeera irrigation
project. The total basin dimension is about 150 m� 100 m,
including a rectangular bed (120 m� 80 m) at 296 m.a.s.l and
side slopes 3 : 1 for the long sides and 1 : 6 for the short sides
(Abdul-Baki, 2001). The station was built during the dam
construction in 1986 and started operation in 1989. It is
located on the right bank of the reservoir about 46 km
upstream from the dam axis. There are ten tributary water-
sheds on both sides of the reservoir, three on the right bank
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and seven on the left bank. Figure 1 shows the reservoir and
sub-watersheds surrounding it. One of the factors that was
studied was the effect of sediment load carried by right bank
sub-watersheds upstream of the station on sediment load
deposition and entrance into the intake. Water flows to the
pumps through three rectangular conduits (3 m� 3 m), then
3.5 m diameter pipes merge in a circular central pipe
connected to 12 pumps of 3–4 m3/s capacity each. The pumps
are located in a shell dome surrounded by two embankment
dykes on both sides of the intake; their function is to prevent
issues caused by water entering during the construction period.
Figure 2 shows a satellite image of the pumping station and
the earth dykes.

3. Numerical model
A computational fluid dynamics (CFD) model was applied in
this study to simulate flow and sediment detachment, transport
and deposition and bed changes of the studied area. A three-
dimensional numerical model, SSIIM2, was applied. The
model was developed to simulate the flow and sediment
transport in canals, rivers, reservoirs including branches,
intakes, bridge piers and different hydraulic structures. The
model can simulate movable beds with complex geometry
(Elsaeed, 2011) and different sediment size distributions,
including sorting between bed and suspended load, making
the model applicable to simulating different cases of flow
and sediment transport, erosion and deposition. For flow
simulation, the model considers mass and momentum

conservation equations to solve the continuity equation and
Navier–Stokes equations in three dimensions (Versteeg and
Malalasekera, 2007), the continuity equation and Navier–
Stokes equation for turbulent flow. Non-compressible fluid in
three dimensions was considered to calculate flow velocity.
Navier–Stokes equations can be expressed as follows (Haun
and Olsen, 2012):

1:
@Vi

@t
þ Vj

@Vi

@xj
¼ 1

ρω

@

@xj
�Pδij � ρvivj
� �

The turbulent shear stress is computed based on the k–ε model
in the following form:

2: � vivj ¼ υT
@Vi

@xj
þ @Vj

@xi

� �
� 2
3
kδij

The SSIIM model has a number of choices for water surface
estimation (Olsen, 2018). Based on the pressure gradient
between cells and among neighbouring cells, water surface
elevation was computed in this study. Sediment load transpor-
tation in the considered model was divided into two
parts, suspended load and bed load. When the upward flow
turbulence force carries fine sediment particles in suspension,
which is usually a fraction of sediment finer than 0.062 mm
(Vanoni, 1975), this portion is considered to be a suspended
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Figure 1. Mosul dam reservoir and geometry (digital elevation map (DEM)) of sub-watersheds
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load, while coarser particle sizes are transported as bed loads.
The suspended sediment load is estimated in the applied
model based on the transient convection–diffusion equation
(Olsen, 2018). For specific sediment particle size i, the
equation is in the following form:

3:
@ci
@t

þ Vj
@ci
@xj

þ ωi
@ci
@z

¼ @

@x
Γ
@ci
@xj

� �
þ FR;i

This equation is applied for cells over the bed level that
are carrying a suspended load, while near the bed cells,
the sediment load concentration is estimated based on
an empirical formula presented by Van Rijn (1984). The
empirical formula of the bed load transportation ability of
flow in the model is the Van Rijn (1984) equation in the
following form:

4:
qb;i

d1:5
i

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiððρs � ρwÞgÞ=ρw
p ¼ 0:053 ðτ � τc;iÞ=τc

� �2:1
d0:3
i ððρs � ρwÞgÞ=ρwυ2ð Þ0:1

The SSIIM2 software was designed to simulate sediment in
intakes and many other hydraulic and environmental engineer-
ing applications, and solves governing equations sequentially

using the control volume method. The governing equations are
integrated over each control volume to construct discrete
algebraic equations for dependent variables. These discrete
equations are linearised using an implicit method. Turbulent
flows can be simulated in SSIIM2 using the standard K−ε,
K−ε model with some RNG (random number generator)
extensions, the K−ω model with Wilcox’s wall laws and the
K−ω model with K−epsilon wall laws.

4. Model verification and application
of strategies

4.1 Model validation
Generally, all numerical models require validation to be
applied confidently. The applied model was validated
(Mohammad et al., 2020) based on measured values through-
out the reservoir and the most interesting area, the trapping
basin of the intake. The estimated total load deposited in
Mosul dam reservoir was compared with numerical simulation
results. The total deposited load during a period of about
25 years of operation (1986–2011), based on a bathymetry
survey (Issa, 2015), was 1.14 km3 and the simulated value was
1.04 km3, a difference of about 8%. Comparisons between the
bathymetry survey and the simulated bed morphology for four
sections along the reservoir were also analysed to evaluate the
model’s performance. The average measured sediment depths
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Figure 2. A satellite image showing the pumping station and the earth dykes
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at the first, second, third and fourth selected sections (in the
flow direction) were 10.5, 4.9, 4.5 and 5.4 m and the simulated
depths were 9.7, 4.7, 4.4 and 1.1 m, respectively. The t-test for
statistical criteria was applied to compare the surveyed and
simulated deposition depths along the sections. The test
indicated that there were no significant differences between
measured and simulated bed morphology except in the fourth
section where a probable bank slip had happened. This made
the measured deposited depth higher in the fourth section than
expected and simulated values; the bank stability was not
considered in the simulation model.

The simulated sediment concentrations at nine points through-
out the trapping basin were compared (Mohammad et al.,
2020) with the measured values (Figure 3). The t-test value
between measured and simulated total concentration was 0.43,
which is less than the tabulated value (2.0) at a 0.05 probability
level, indicating that there is no significant difference between
measured and simulated values. The biggest difference between
the measured and simulated concentration was in point 8,
which is 6.6 g/m3. This point is located 100 m in front of the
intake and 2 m above the bed. Usually, the sediment concen-
tration is increased with water depth, so error might be in the
measurement of this point. This analysis is maintained when
comparing point 8 with other measurement points, points 4
and 9, at the same level, in which the concentration was
13 g/m3. The measured deposited sediment load at the inlet of
the basin ranged between 3.4 and 4.4 m (Abdul-Baki, 2001);
however, the simulated depth ranged between 3.1 and 4.9 m.
The average measured and simulated deposition depth in the
considered area were 5.4 and 4.5 m, respectively. A comparison
between measured and simulated sediment depths at different
points in the basin gave a t-test value of 1.41, less than the

critical value of 0.05 probability level, indicating reasonable
model performance.

In this study, the deposited sediment particle-size sample
analysis in the trapping basin was also compared with
simulated values after about 15 years of dam operation.
The bed material particle sizes analysed in February 2001
(Abdul-Baki, 2001) and the resultant simulated values by the
SSIIM2 model are shown in Figure 4. The considered particle-
size distribution of the main river and sub-watersheds
upstream of the station are also shown in the figure. As shown,
the percentage of fine particles between 0.002 and 0.04 mm
was higher than the percentage by the main river and seasonal
tributaries. The value reached about 10% for the measured
distribution and about 17% for the simulated values. This is
normally due to a reduction in flow velocity and sediment
transport capacity at the intake location (about 20 km from
the simulated reservoir inlet), which leads to transporting of
fine particles to this reservoir zone. The higher percentage for
the simulated values might be due to a combination error of
assessment flow transport capacity of different particle size
and fall velocity.

The model’s sensitivity to grid size and time step was tested,
as these are the most effective parameters and should be
considered in CFD models. The time steps were 3600, then
7200, 1800 and 900 s. The variation in deposited sediment
ranged from −0.7% for 7200 s to about 6% for 900 s. The
relatively reasonable sensitivity to time step is the considered
daily inflow, outflow and reservoir level data. Also, variations
of these values are minor for most of the year (non-flood
periods). For the whole reservoir grid-size effect, finer grids
(half the coarse grid dimensions) were considered. The
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variation in deposited load was 0.7%, while the computation
time was multiplied. For the reservoir’s wide sections, bed level
variation is usually limited for relatively short distances except
near the banks. For that reason, the model’s sensitivity to grid
size was limited, indicating that the selected sizes were
reasonable.

4.2 Model application
Different strategies were applied and analysed in this study,
including a proposed strategy to find the most efficient
technique to sustain the intake’s life span and working
efficiency by controlling and reducing the effects of sediment.
Commonly, in storage reservoirs the sources of sediment load
are the main river’s watershed, the main river and its tributary
bed, and the contribution of the surrounding sub-watersheds.
The intensity of the effect of sub-watersheds varies depending
on their area, as well as other parameters such as topography,
soil properties and land cover/use. The usual techniques
to control the sediment effects in reservoirs and hydraulic
structures are to control the watershed sediment by routing the
sediment through the reservoir and use a structure (Members
of Central Water Commission, 2019). A proposed strategy for
sediment control and sustaining station life was evaluated in
this study. The strategy is based on the analysis of the
pumping rate effect on the flow velocity, shear stress and
sediment transport capacity around the pumping station area.
To evaluate the effects of the pumping rate on the load deposit
into the trapping basin and the load drawn into the intake,
four pumping rate capacities were applied: 25, 50, 75 and
100% of the station pumping capacity.

As this study is concerned with pumping station intake and
there are doubts (Abdul-Baki, 2001) that the sub-watershed
load has a significant effect on sedimentation, one approach
considered is to control the load and evaluate its contribution
to and effect on the sediment deposited in front of and into
the station. There are three sub-watersheds upstream of the
station, with areas of about 450, 50 and 20 km2. Their runoff
and sediment yields depend on rainfall in the rainy season.
The strategy of synthetically constructing check dams or any
control structure upstream from the sub-watersheds’ outlets to
store temporary runoff for sediment settling was employed to
study the relevant effects.

The third strategy is to select a suitable earth dyke, which
is compacted soil used to control flow and/or sediment for
different purposes in watersheds, rivers and reservoirs. The
main advantage of earth dykes is their practical and cheap
construction, as onsite materials are usually used to produce
them (Gladstone et al., 2020). The function of the proposed
dyke is to divert the flow direction away from the sediment
trapping basin and intakes, which could reduce the sediment
deposited in front and the load entering the intake. The idea is

to prevent direct flow to the trapping basin and reduce the
flow velocity upstream from the consent area, leading to a
reduction in the flow transport capacity so that part of the
carried load will be deposited upstream from the dyke. The
dyke elevation is the reservoir’s normal operational level
(330 m.a.s.l) and extends about 220 m long from the intake’s
inlet (elevation and dimensions were selected based on existing
dykes to ensure safe construction in this area). The existing
downstream dyke was also removed to prevent flow velocity
reduction in front of the intake. Figures 5(a) and 5(b) show the
flow direction arrows for the current state (there are upstream
dykes and another one downstream) and the proposed dyke
upstream from the intake, respectively, at 25% of maximum
pumping capacity. For the current state (Figure 5(a)) the flow
current with sediment load moves directly towards the intake,
and the dyke downstream from the intake inlet has a negative
effect. Its effect causes a reduction in the flow velocity and
flow transport capacity, followed by the deposition of more
sediment in the trapping basin. However, in the proposed
strategy (Figure 5(b)), after using a longer earth dyke upstream
from the intake and removing the downstream dyke, the dyke
faces the flow, thereby causing a reduction in velocity and
transport capacity before reaching the trapping basin.

5. Results and discussion
Different strategies were applied to find a suitable and practical
approach to controlling the sediment load and sustaining the
station life span and its working efficiency. Approaches include
managing the pumping rate, controlling the sediment yields
from the sub-watersheds upstream of the station and using
an earth dyke.

5.1 Sediment management by pumping
rate control

This strategy includes analysing the pumping rate and its effect
on sediment transport capacity near the pumping station zone.
Its effect on sediment load drawn into the intake and amount
of load deposited in the trapping basin was evaluated. Four
cases of pumping rate capacity were evaluated, and the results
are summarised in Table 1. The percentage of variation in the
drawn sediment was considered based on the obtained values
at 25% pumping rate as a reference, while the deposited loads
in the basin were compared to the case with no pumping.
Furthermore, in all cases, the drawn volume of water is the
same, by controlling the pumping period.

The results in Table 1 indicate that the pumping rate has a
significant effect on the sediment withdrawn to the intake and
then into conduits and suction pipes. The variations in drawn
sediment were 9.5, 13.0 and 15.6% for pumping rates of 50, 75
and 100% capacity, respectively. The variation of deposited
amounts in the trapping basin for different pumping rates did
not exceed ±3.0%. The relatively high percentage of variation
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in withdrawn sediment is due to an increase in the sediment
transport capacity caused by the influence of the pumping rate
and flow velocity. As the flow velocity towards the intake inlet
increases by increasing the pumping rate, the flow transport
capacity increases. Then, most of the carried and attached
loads are not able to settle again, and they enter the intake.
This clarifies the relatively low variation in deposited sediment
in the trapping basin (not greater than about 3%). However,
under a high pumping rate (at maximum capacity of 100%),
the deposited amount in the basin is reduced by 3.1%.

This means that the transport capacity is high enough near the
inlet to detach additional loads from the trapping basin and
carry them inside. Thus, a high pumping rate (average depth
flow velocity >0.6 m/s) should be excluded to reduce the
amount of sediment drawn inside the station; we should also
exclude high average depth flow velocity (about 1 m/s) to
prevent the detachment of further sediment from nearby areas.

5.2 Sediment control of sub-watersheds upstream
of the intake

In the studied case, an attempt was made to evaluate the
effects of the sediment load carried by the runoff of the three
sub-watersheds located upstream of the pumping station
intake. To evaluate the effects of sub-watersheds on the
sediment in the reservoir, a selected section upstream of the
pumping station and about 2 km downstream from the biggest
sub-watershed (Sweedy Valley) on the right side was
considered. The sediment concentration analyses of selected
sections after a rainy day and a non-rainy day in February
1988 are shown in Figures 6(a) and 6(b), respectively. On
the rainy day the flow and sediment carried from the

(a) (b)

Figure 5. Flow velocity arrows for (a) current state (there are curved upstream dykes and another dyke downstream) and (b) proposed
dyke upstream of the intake

Table 1. Variation in sediment load drawn to the intake and
deposited in the trapping basin

Number
Pumping
rate: %

Increase in
drawn sediment
to the intake: %

Variation in
deposited load in

the trapping
basin: %

1 25 — 0.05
2 50 9.5 1.8
3 75 13.0 3.3
4 100 15.6 −3.1
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sub-watershed increased their concentration in the reservoir
near the valley’s outlet side more than at other points. For
particles 0.002 mm in size, the maximum concentration on the
rainy day reached 5.1� 10–4 (L3/L3), and for other points
in the section it was less, and the maximum value on the
non-rainy day (close to rainy day flow) was 4.8� 10–4 (L3/L3).

This increase in concentration occurred in a limited zone of
the section (Figure 6(a)), while the concentration at the same
zone on the non-rainy day (Figure 6(b)) was much lower,
indicating that the sub-watersheds have a significant effect on
sediment concentration near the valley’s outlet. Furthermore,
this increase occurs only at an effective rainfall depth (more
than 10 mm). During most days of the year (non-rainy days),
the highest sediment concentration is near the mean stream
flow (thalweg), which is far from the banks (Figure 6(b)).

The analysis of the sub-watersheds’ effect on the reservoir
sediment concentration indicates that sub-watersheds have a
temporarily significant influence on the sediment load in the
reservoir. This effect is limited to two to four days after each
effective rainstorm. Although the river load varies throughout
the year, it persists and is the most effective. The reduction in
deposited sediment in the trapping basin was about 4% for the
period 1986–2001 because this strategy was applied at the
main upstream watershed, and the reduction in the withdrawn
load was about 3%. The other sub-watersheds did not show a
more significant effect. Although these percentages are not
very high, they indicate that most of these sub-watersheds’
loads were transported and deposited near the bank.

The contributions of all loads comprised about 0.08% of the
total deposited load in the reservoir.

5.3 Sediment control by constructing an earth
dyke upstream from the intake

To find out how the proposed dyke affects the sediment load
concentration distribution near and inside the trapping basin,
a comparison of sediment concentration distribution of the
current state (dykes) was made with the proposed dyke. Both
the cases are shown in Figures 7(a) and 7(b) for the same
period. For the existing state, the long downstream dyke helps
to reduce the sediment concentration downstream from the
intake inlet to about 3.5� 10–4 L/L, while the concentration
is high upstream and in front of the intake, at about
5.0� 10–4 L/L. This indicates that the existing dyke has a
negative effect on sediment concentration and deposition in
the trapping basin. However, for the proposed dyke, the
minimum sediment concentration value, located in the intake
and near the inlet, is 4.9� 10–7 L/L, and the maximum value
just upstream from the dyke is 5.0� 10–4 L/L. This helps to
deposit most of the sediment load upstream from the dyke
before reaching the flow intake.

This strategy caused a reduction in the deposited sediment
load by about 47% compared to the current state (Figure 7(a)).
The proposed dyke also affected the sediment load drawn
into the intakes and conduits, which were evaluated for their
different pumping capacities. Table 2 shows the percentage of
reduction in withdrawn sediment load to the intake when
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Figure 6. Sediment concentration distribution in a section downstream Sweedy Valley for particle size 0.002 mm on (a) rainy day and
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applying the proposed dyke compared to the same state of the
dyke for the considered pumping rate.

The results in Table 2 show that with a low pumping rate (25%
of maximum capacity), the highest reduction in the withdrawn
sediment load was 42%. This reduction was reduced by

increasing the pumping rate. The minimum value, 28%, was
observed at the maximum pumping rate. Meanwhile, each
value of the reduction was evaluated compared to the same
situation of the flow (pumping rate) for the existing case.
However, the effects of velocity and transport capacity were
the same and cannot be considered to be the reason for this
reduction. The results show that the influence of the selected
dyke depends on the pumping rate. Based on the pumping
rate’s effects on the effective radius, the increase in pumping
rate helps to withdraw water from longer distances than the
dyke zone (high sediment concentration area), which clarifies
why the dyke has a significant effect under a low pumping rate
compared to a high rate. The proposed dyke reduced the load
in the area downstream near the trapping basin and in front of
the intake.

6. Conclusions
A CFD model was applied to simulate and evaluate how the
proposed strategy and two others act on sediment control to
sustain the pumping station and its operational efficiency. The
proposed strategy depends on management and evaluation of
selected pumping rate effects on sediment transportation
and deposition. The other strategies include sub-watershed
sediment control and the use of earth dykes to direct the flow
and carried sediment. The results indicate that controlling the
pumping rate has an efficient effect on sediment load entering
the suction conduits and then pumping station and pumps,
reaching a 16% reduction in sediment load entering the
station. This is important to sustain the station and its
efficiency, since removing deposited sediment is a difficult and
costly process. Its effect on deposited sediment in the trapping
basin was limited to ±3.0%. The sub-watershed sediment
control strategy shows an effect on the sediment concentration
distribution for a limited zone of flow and time, and after rain-
storms and continued periods, the effect depends on the area
and the duration of rain. The last strategy indicates that suit-
able siting and geometry of earth dykes have a significant
effect on sediment control. For the studied case, sediment
deposited in front of the intake was reduced by 47% in
comparison with the current state; however, load entering the
station was reduced by 42% with a low pumping rate.
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appropriate by the editorial board, it will be published as
discussion in a future issue of the journal.
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