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Article Info ABSTRACT
Article type: Background and Objectives: There are various methods to prevent the
Research Full Paper entry of suspended sediments into the irrigation canals, one of which is the

construction of settling basins at the beginning of the irrigation network.
Article history: Sed_iment eff_iciency, which is the_ ratio of the _con_centration pf outlgt
Received: 06.16.2021 sedlme_nts to inlet, shoulq be_determlned before designing the sgttllng bag,m
Revised: 09.09.2021 according to the geometric dimensions of the structure, hydraulic properties
Accepted: 12.06.2021 and characteristics of inlet sediments to be planned for management and
operation. The purpose of this study is to present a one-dimensional model of
sedimentation in the sedimentation pond by considering the sedimentation of

Keywords: inlet sediments, which in addition to estimating the trapping efficiency in the
Non-uniform sediments, pond, also calculates changes in the pond floor, sedimentation of sediment
One-dimensional numerical  outlet and sediment concentration in each section.

model,

Rectangular sedimentation ~ Materials and Methods: In this study, in order to simulate sedimentation
pond, in the sedimentation pond, first a numerical model was developed and then
Trapping efficiency the effect of the geometric factors of the pond on the sediment trapping

efficiency was investigated. In the developed one-dimensional numerical
model, the governing equations of flow and sediment were solved,
respectively. To validate the results of the numerical model, El-Baroudi
(1969) laboratory data were wused, which include a rectangular
sedimentation pond with a length of 1.2446 m and a width of 0.4572 m.
For different discharges, El-Baroudi deposited 200 mg/l of sediment with a
specified diameter into the sedimentation pond and after a certain period
the concentration of the effluent from the pond was measured. Also, field
data of Nekoabad sediment catchment area of Isfahan (Shetab-Boushehri et
al., 2010) were used for validation.

Results: The results of trap efficiency verifications showed that the mean
value of the square root of the mean square error of the numerical model
for El-Baroudi (1969) experiments was 6.15% and for the left and right
sedimentation ponds were 8.13 and 6.77%, respectively. Also, the trapping
efficiency was investigated for all sediment particles and for each group of
particles in relation to the length of the pond. The results showed that with
increasing the distance from the beginning of the pond, the amount of
sedimentation efficiency increases so that at the end of the pond the
sediments are deposited in the left and right basins, respectively. The floor
level of the sedimentation pond also changes due to sedimentation of
sediments. The rate of these changes in the floor of sedimentation ponds at
the beginning of the structure is higher than the end due to the high

Yy



concentration of inlet sediments. The amount of these changes in the
bottom of the left and right sedimentation ponds using the numerical model
simulation of the present study after three months was about 23.4 and 20
cm, respectively.

Conclusion: After developing and validating the numerical model, the
performance of Nekoabad sedimentation ponds and El-Baroudi laboratory
model were investigated using the numerical model. The results showed
that the average sediment trapping efficiency for the left and right
sedimentation ponds was 36.5% and 27.3%. Therefore, a large amount of
sediment enters the irrigation network. In order to improve Nekoabad
sedimentation ponds and increase sediment trapping efficiency, the length,
width or depth of the pond can be increased. For this purpose, by
increasing one of the above variables and keeping the other parameters
constant, the numerical model was executed and the trapping efficiency
was calculated. The results showed that increasing the length of the left
sedimentation pond and increasing the width of the right pond of Nekoabad
Dam has the greatest effect on the trapping efficiency.

Cite this article: Teymouri Yeganeh, Maryam, Heidari, Mohammad Mehdi, Ghobadian, Rasool. 2022.
Development of one-dimensional numerical model of sedimentation with non-uniform
granulation in settling basins using time-splitting method. Journal of Water and Soil
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Table 1. Hydraulic characteristics of laboratory data related to El-Baroudi (1969).

ol =2 s Ole
Run Discharge (I/s) Depth (m) Time (min)
1-7 0.221 0.205 8.8
2-3 0.126 0.333 25
2-4 0.158 0.366 22
2-8 0.3 0.366 11.6
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Table 2. Geometry characteristics of Nekoabad settling basin.

ol =2 Ges PF Jsb
Basin Discharge (m*/s) Depth (m) Width (m) length (m)
L 50 3 42 425
R 15 3 12 425
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Table 3. Inlet and outlet Sediment concentrations to Nekoabad settling basin in each experiment.

Saleslosles ams = S50 bl skl
No. Basin Discharge (m®/s) Inflow sediments (mg/10lit) Outflow sediments (mg/10lit)
1 R 12.5 44 34
2 R 11.5 53 42
3 R 10.5 47 32
4 R 10 34 24
5 R 9.5 31 26
6 R 8 26 17
7 L 26 34 26
8 L 255 41 22
9 L 25 40 23
10 L 245 35 16
11 L 24 44 23
12 L 235 43 25
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Tabel 4. Specifications of inlet partical size to Nekoabad settling basin.
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W? Size (mm)
No. Basin
0.062-0.074 0.074-0.088 0.088-0.1 0.1-0.25
1 R 38.64 20.45 9.09 31.82
2 R 37.74 26.42 15.09 20.75
3 R 29.79 31.91 19.15 19.15
4 R 44,12 14.7 20.59 20.59
5 R 51.61 29.03 19.35
6 R 50 30.77 19.23
7 L 55.88 23.58 20.59
8 L 34.15 19.51 29.27 17.07
9 L 52,5 20 15 125
10 L 34.29 22.86 25.71 17.14
11 L 36.36 15.91 29.55 18.18
12 L 30.23 30.23 20.93 18.61
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Figure 2. Simulation and observational removal efficiency El-Baroudi (1969).
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Figure 3. Computational and observational removal efficiency for Nekoabad settling basin.
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