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Table 1- Critical Suspended Sediment Transport Equations for Open Channel Flows

Research’s names

Eq

Description

Rouse (1937)

C: concentration of suspended sediments

at the desired depth.
C,: initial concentration of suspended
sediments.

d: flow depth.

o: settling velocity of particles.
k: Von Karman coefficient.

u-: shear velocity.

z: Rouse number.

Liu, H. K. (1958).

C: Concentration of suspended
sediments at a specific depth.

Cp : Concentration of suspended
sediments at the water surface or

C=C,.( —\é) exp(YS}'/ﬂ) reference point.

g: Current flow rate

a: Empirical coefficient.

v: Flow velocity.

ys: Density of sedimen.

y: depth of the system being studied.

Brooks equation
(1965)

B A
Yw-9-Crng Use

Qs: suspended load per unit width.

yw: Specific weight of water.

qg: flow rate per unit width.

Cnma: Weight concentration at a distance
of 0.5d from the bed.

f: function.

V: average flow velocity.

k: Von Karman coefficient.

u«: shear velocity.

Z: Rouse number.

Van Rijn (1984)

3
D2,y — 2
C =k i(u)(qil)

C: Suspended load flow rate

k: The experimental coefficient.

D;: Diameter of sediment particles(m).
ys: Density of sedimen.

9:Viscosity of water (usually in m2/s).

p: Density of water (usually in kg/m3).

qg: flow rate per unit width.

d: flow depth.
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Fig. 1- Examples of free-surface shapes used in the advection of F. The donor-acceptor arrangement
is shown in (a) where the dashed line indicated the left boundary of the total volume being advected.
The shaded regions shown in (b-d) are the actual amounts of F fluxed.
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Fig. 2- Geometric shape and dimensions of the models used in this study: a) S.F.=1, b) S.F.=2, and c¢)
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Fig.7- Analysis of sedimentation pond performance variations: instantaneous progression phases of
the front, return flow, and accumulation under a shape coefficient of 1

bl yd 50 Cllil 9 iS5 p Ol o (Sl (Sl Cd i (SBIB 1 gy dm0 g & Slos Ol il oy - IO

(1) J o

R



a) t=3sec t/t;=0.04
Time =60 s

scalar1_Selected

d) t=60 sec t/ty=1
Time=90s

scalar1_Selected

g) =90 sec t/t;=1.50

Time =6's
scalar1_Selected

— |
0.00 075

b) =6 sec t/t,=0.08
Time =70s

scalar1_Selected

[— =]
0.00 0.75 150

r

Time =120 s
scalar1_Selected

[E— ]
075 150

h) =120 sec t/ty=2

e) t=70sec t/t;=1.14

Time =12's
scalar1_Selected

e ——
000 075

c) t=12 sec t/t;=0.17
Time =80 s

scalar1_Selected

[E— ]
0.00 075

f)
Time =160 s

scalar1_Selected

e
0.00 075 150

i) t=160 sec t/t;=2.67
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Sedimentation in settling basins is one of the significant challenges in water resource
management. This phenomenon can lead to sediment accumulation in water reservoirs, reduced
storage capacity, increased flood risks, and water pollution. Therefore, understanding the
processes governing sedimentation in basins and optimizing the design of these structures is of
great importance. In this research, the impact of aspect ratio (length to width ratio) of the
reservoir on the distribution of suspended sediment concentration under free flow conditions has
been investigated. Using rectangular tanks with aspect ratios of 1, 2, and 4, the sedimentation rate
under various hydraulic conditions was evaluated. This parameter is recognized as one of the
most critical factors affecting flow patterns and sediment deposition in settling basins. The results
indicated a direct relationship between the aspect ratio of the reservoir and the distribution of
suspended sediment concentrations. Specifically, reservoirs with higher aspect ratios (such as a
tank with an aspect ratio of 4) retain greater amounts of suspended sediments on their surfaces.
Additionally, in settling basins with high aspect ratios, the lateral spreading of dense flow creates
a more favorable condition for uniform sediment distribution compared to its longitudinal
spreading. Conversely, in basins with lower aspect ratios, greater longitudinal spreading occurs,
increasing the likelihood of backflow formation. These findings demonstrate that considering the
aspect ratio as a key parameter in the design of settling basins can significantly enhance the
performance and efficiency of these structures in sediment management.

Introduction

Sediment accumulation in shallow reservoirs is considered one of the main challenges in
water resource management (Lai and Shen, 1996). Accumulated sediments can reduce the
reservoirs' capacity and increase environmental hazards (Kantoush and Schleiss, 2009). A precise
understanding of the hydraulic processes governing suspended sediments and the impact of
reservoir geometry on these processes is essential for optimal design (Dufresne et al., 2010). In
this study, the effect of the aspect ratio of the reservoir on the distribution of suspended
sediments is investigated with the aim of providing effective solutions to reduce problems arising
from sedimentation.
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Methodology

In this research, the impact of the aspect ratio of settling basins on the distribution of
suspended sediment concentration was examined using Flow-3D software. Three-dimensional
models with aspect ratios of 1, 2, and 4 were simulated, and the governing equations for free
water flow were solved using the finite volume method. A scalar add-on was utilized to calculate
the sediment concentration distribution, incorporating the high-precision transport and diffusion
of scalars within the computational grid. The accuracy of the model was evaluated by comparing
simulation results with laboratory data, confirming that this approach has the capability to
accurately predict concentration distribution patterns and enhance the design performance of
settling basins.

Results and Discussion

The analyses revealed that as the aspect ratio of the basins increased (1, 2, and 4), the flow
and sedimentation patterns changed. At higher ratios, the lateral expansion of the flow and the
accumulation of sediments near the sidewalls increased. In contrast, the distribution of sediments
along the longitudinal direction became more uniform. Additionally, backflow and sediment
accumulation were more pronounced in basins with higher aspect ratios, which contributed to
improved control of incoming sediments.

The results are analyzed based on aspect ratios and the relative time scale t/t0. For an aspect
ratio of 1, at t/t0=0.5, the dense flow is concentrated in the first quarter of the basin's length, with
sediment largely limited to the inflow area. By t/t0=1, the flow reaches half of the basin, but
sediment distribution remains confined, with an increase in concentration in the middle section.
At t/t0=1.5, sediment distribution begins to become more uniform, although the end section of
the basin has not fully engaged. At t/t0=2, sediments reach the end of the basin, marking the
beginning of backflow. By t/t0=3, significant sediment accumulation occurs at the end,
accompanied by clear backflow. Finally, at t/t0=5, the basin is completely filled with sediment,
and backflow reaches its maximum intensity.

For an aspect ratio of 2, similar patterns emerge. At t/t0=0.5, the dense flow advances to one
guarter of the basin length, with sediments concentrated at the inflow. At t/t0=1, the flow reaches
halfway, increasing sediment concentration in the middle. At t/t0=1.5, the flow approaches the
end area, distributing sediments more evenly along the basin's length. By t/t0=2, backflow
begins, bringing sediments closer to the outflow area, and at t/t0=3, the distribution of sediments
becomes more uniform, accompanied by intensified backflow. Eventually, the basin is
completely filled with sediment, and the backflow stabilizes.

In the case of an aspect ratio of 4, at t/t0=0.5, the dense flow only occupies part of the basin's
length, with sediments focused near the inflow. At t/t0=1, the flow reaches the midpoint, with
sediment distribution still concentrated in the initial half. As time progresses to t/t0=1.5, the flow
approaches the outflow area, distributing sediments throughout the basin. When t/t0=2, backflow
initiates, with noticeable sediment accumulation in the end and lateral areas. By t/t0=3, sediment
distribution becomes uniform, and backflow intensifies. Finally, at t/t0=5, the basin is fully filled
with sediment, and backflow peaks.

Overall, these analyses indicate that an increase in aspect ratio leads to a more uniform
distribution of sediments and improved control of flow within the basin. The performance of
sedimentation ponds with different shape factors and the various stages of dense flow
progression, return flow, and sediment accumulation are displayed in Figure (1).
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Fig. 1- Analysis of performance variations in sedimentation ponds with different shape factors:
Instantaneous phase of dense flow progression, return flow phase, and sediment accumulation phase
at various relative time intervals.

Conclusion

The analyses have demonstrated that the aspect ratio of the reservoir significantly impacts the
distribution of dense flow. An increase in the aspect ratio leads to improved uniformity in
sediment distribution both along and across the reservoir, as well as a reduction in localized
concentrations. Furthermore, the development of backflow and sediment control in the end areas
operates more effectively, particularly at higher ratios, such as in reservoirs with an aspect ratio
of 4. These findings highlight that designing sedimentation basins with higher aspect ratios can
enhance the structural efficiency in sediment management and maintain hydraulic performance,
thereby minimizing unwanted blockages and sedimentation. Overall, these results underscore the
importance of selecting the appropriate aspect ratio in the design and optimization of
sedimentation basins, which can significantly improve their operational quality.
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