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Abstract: The main purpose of this study was to investigate the uniformity of sediment transporting

flows into bilateral intakes on both sides of a spillway and compare it with a single intake either in the

outer or inner bend. The results indicated that most of the sediment deposition is towards the inner-
bend intake. In the case of a single intake structure, the comparative results with the bilateral intakes
indicated that both the water inflow rate and sediment entrainment increase in the case of a single intake
located on the outer bend. In the case of a single intake on the inner bend, the water inflow rate
decreases, but the inward-sediment load increases. It is necessary to use both the intake sill and sluice
ways to control the sediments entering the intakes, especially for the inner-bend intake.
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Introduction: Diversion of sediment transporting flows is one of the challenges in river hydraulics and
engineering works. There is several evidence for the construction of weirs and diversion dams in river bends, and
sometimes locating water intakes on one or two sides of the river bend is needed. However, this encounters
problems regarding the asymmetry of flow distribution into the inner- and outer-bend intake structures. Most of
the previous studies have been conducted under clear-water flow conditions. The main purpose of this study was
to investigate the uniformity of sediment transporting flows into bilateral intakes on both sides of a spillway and
compare it with a single intake either in outer or inner bends.

Methodology: In this study, the FLOW-3D numerical model was used to simulate sediment transport flow into
bilateral intakes on one and both sides of a diversion dam in a channel bend. The geometric conditions of modeling
were considered based on the laboratory study of Farhadi-Bansuleh and Yasi (2019). The laboratory channel was
a rectangular channel with a 90° bend. The experiments were carried out under clear water flow conditions. The
numerical model was first calibrated and validated for the physical model conditions and then adjusted for
sediment transporting flows. In the lack of physical data for sediment transporting flows into the bend intakes, the
modeling results were evaluated based on hydraulic engineering judgments.

Results and Discussion: The results of the simulation for taking water from both sides of the weir with an angle
of 90 degrees show that with the presence of the sill and the sluiceway, the mean inflow rate to intakes in the outer
and inner intake was 0.021 and 0.016 m?/s, respectively. The mean sediment load into the outer and inner intakes
was calculated to be 0.0012 and 0.007 kg/s, respectively. The corresponding total sediment load was 0.01 and 0.55
kg, respectively. The ratios of the water inflow, the mean sediment load, and the total sediment load in the outer
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intake compared to the inner intake were 1.31, 0.17, and 0.018, respectively. Also, the flow patterns upstream of
the weir showed that the creation of secondary and spiral currents in the inner channel bend causes sedimentation
in this part and eliminates the flows into the inner intake. A comparison of the simulation results of water intake
from both sides and one side of the diversion dam in the outer intake showed that the flow rate increased by 0.002
m®/s (equivalent to 9.5%), while this value decreased up to 0.001 m3/s (equivalent to 6.3%)in the inner intake. In
the outer intake, the mean sediment load and the total sediment volume entering to intakes increased by 0.0008
kg/s (i.e. 66%) and 0.002 kg (i.e., 20%), respectively. The increase for the inner intake was 0.0015 kg/s (i.e., 22%)
and 0.06 kg (i.e., 11%), respectively.

Conclusion: The results indicated that the weir position at an angle of 60 degrees from the bend inlet and 90-
degree intakes are more efficient due to less sediment entry and uniform inflow distribution to both bilateral
intakes. The model was run for three scenarios (i.e., with bilateral intakes and with a single intake in the outer or
inner bend). The results indicated that most of the sediment deposition is towards the inner-bend intake. In the
case of a single intake structure, the comparative results with the bilateral intakes indicated that both the water
inflow rate and sediment entrainment increase in the case of a single intake located on the outer bend. In the case
of a single intake on the inner bend, the water inflow rate decreases, but the inward-sediment load increases. It is
necessary to use both the intake sill and sluice ways to control the sediments entering the intakes, especially for
the inner-bend intake.
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Mesh grid (m)
Specification ° ) g Discharge  Sectionat  Correlation  Error Index  Error Index Rarl'{rgerof
peclicaions 52§ &8F  (mh) bend (o) (R2) (MAE) (RMSE) erro
28 = <2 (%)
M R=
Weir at 60 0 0.89 0.004 0.004 1.7
degrees from 15 0.93 0.002 0.002 1
the bend 0.030.02-0.02 0.075 30 0.92 0.003 0.003 1.3
entrance 45 0.92 0.002 0.002 1.1
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Table 2 Flow modeling scenarios for the channel with 90° bends
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Table 3 Comparison of the simulation results of sediment transporting flows in 90 degree intakes

Sediment
concentration
(ps: Kg/m®)

Discharge
(Q: m’/s)

Scenarios

Mean inflow
rate to intakes

Sediment to
intakes
(VsiKg)

Mean sediment
load to intakes

(Q: m’/s) (Qs:Kg/s)

Inner
Outer
Inner
Outer
Inner
Outer

First

(Bi-lateral intakes) 0.250 100

0.016

0.021 0.007 0.0012 0.55 0.01

Second

(A single-outer intake) 0.250 100

- 0.023 - 0.002 - 0.012

Third

(A single-inner intake) 0.250 100

0.015 -

0.0085 - 0.61 -

SFELDS

0.95
0.902632

0.855263
0.807895
0.760526
0.713158
0.665789
06818421
0.571053
0.523684
0.476316
0.428947
0.381579
0.334211
0.286842
0.239474
0.192105
0.144737
0.0973684

X
0.05 up stream

Fig. 2 Plan view of modeling and simulation results for the first scenario (A) Deposition pattern and (B) Flow pattern
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1
0952632
0905263
0857885
0810626
0783158
0715789
0668421
0621053
0573684
0526216
0478947
0431579
0384211
0336842
0289474
azaz108 | ¥

0.194737
0.147368
0.1 X (A)

SFELDS

1

0.952832
0.905263
0.857895
0.810526
0.763158
0.715789
0.668421
0.621053
0.573654
0.526316
0.478947
0.431579
0384211
0336842
0.289474
0.242105
0.194737
0.147368

Fig. 3 Plan view of modeling and simulation results (A) Deposition pattern for the second scenario, (B) Flow pattern for the
second scenario, (C) Deposition pattern for the third scenario, (D) Flow pattern for the third scenario
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