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Introduction

In this research, the sediment washing operation of the Sefidrood Dam reservoir has been simulated
using a Numerical Flow 3D model along with two turbulence models, RNG and LES. The results of
case studies performed on the Sefidrood Dam reservoir in 2004 have been validated. To simulate, an
area of the reservoir with an approximate length of 700 meters and also the dam wall meshed in the
form of 2 mesh blocks 1 and 2. Mesh block 1 was considered to include the dam wall, the area close
to the dam wall, and the lower Gates. The dam was considered to be a solid type, which is
unchangeable. Still, the geometry of the reservoir bed was defined as sediment because it changes
with the movement of the flow.

The results show that near the lower dischargers of the dam, the maximum amount of sediment
washing up to the reservoir bed is conical. The high values of the explanation coefficient (R2) and
the low values of the percentage of predictive error of the numerical model indicate the acceptable
results of the Flow 3D model with the LES simulator in the flushing modeling of Sefidrood Dam. A
comparison of the results suggests that the LES turbulence model has a better performance in
estimating the maximum scour depth than the RNG turbulence model, and the results are closer to
the flushing results performed in 2004.

Methodology

In this research, the Sefidrood dam is considered a case study. Sefidrood dam is a concrete type
located near Manjil city in Gilan province in Iran. This dam has a height of 106 meters and a wall
length of 425 meters. It was constructed and put into operation in 1962, aiming at storing water for
agriculture in Gilan plain, drinking water, and energy production.

The normal figure of the dam is equal to 271.65 meters above sea level, and the storage volume of
the reservoir in this figure is equal to 1760 million cubic meters. Sefidrood dam was designed and
dewatered with an initial volume of about 1800 million cubic meters and a useful life of 100 years.
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Sefidrood Dam is one of the most sedimentary dams in the world. Now more than half of the dam
capacity is filled with sediments. This amount of sedimentation in the Sefidrood Dam is 11 times
more than that in USA reservoir dams (Shafai Bajestan, 2012).

In this simulation, a flushing operation at the height of 234.6 meters, i.e., the height that Shas
operation was performed in this dam in 2004, was performed using Flow 3D software with two
turbulence methods, RNG and LES, and the results were compared with flushing operation
performed in 2004.

Flow 3D is a 3D model developed by the Flow Science company. Flow 3D is a non-hydrostatic
finite difference model that simultaneously solves three-dimensional Navirastox equations and
continuity (Flow 3D Help and Flow Science). To simulate the sediment washing of the Sefidrood
Dam reservoir in a Flow 3D software environment, five steps of Display, Analyze, Simulate, Model
Setup, and Navigator must be performed, respectively. To simulate the flushing operation of the
Sefidrood Dam with Flow 3D software, a range of the reservoir and the dam's wall meshed in the
form of 2 mesh blocks 1 and 2.

After entering all the required information into the software, including flow boundary conditions,
such as Reservoir water height, inlet and outlet flow at the simulation start, water temperature,
gravity acceleration, simulation time, etc., Flow 3D software solved hydraulic flow equations known
as NaviraStoke equations (which include the continuity equation and three momentum equations in
three different directions) inside each cell in different simulation time steps defined in the software.

Result

The results show that near the lower gates of the dam, the maximum amount of sediment washing
up to the reservoir bed is done in a conical shape. The general shape of the conical area at the
beginning of the sedimentation process consists of two separate and separable parts. The first part
consists of a central submerged cavity. The place of formation of this cavity is near the model wall
and along the lower valve, which causes the discharge of sediment by gravity. The second part
consists of a medium slope that leads to a smooth surface due to the flow's general movement
towards the central cavity. In pressure washing operation, Sediment washing is mainly done around
the gates. To reach the sediment washing channel along the reservoir and drain a large volume of
sediment, we must reach the river flow, called free-flow flushing.

Conclusion

Comparing the modeling results with the RNG turbulence model with the flushing results of
2004, the RNG model up to a distance of 180 meters from the dam wall shows more sediment
washing than the flushing of 2004. The reason could be the change in the grain size of the sediments
inside the reservoir and the size of the sediments and their greater adhesion in the area close to the
dam wall in the 2004 operation. However, in the range of 180 meters to 500 meters from the dam
wall, sediment washing in 2004 discharged more sediments from the reservoir than the RNG model.

Comparing the results of LES model with the results of 2004, LES model up to 120 meters from
the dam wall shows more sediment washing than in 2004. At a distance of 120 meters to 300 meters
from the dam wall, the sediment washing of the year 2004 has discharged more sediments from the
reservoir than the LES model. At a distance of 300 meters to 500 meters from the dam wall, The
results of the LES model are almost equal to the results of flushing in 2004. The results also show
that the LES turbulence model has higher accuracy compared to the RNG turbulence model, and the
results are closer to the flushing results performed in 2004.

According to the results shown in Table 5, high values of the coefficient of explanation (R2) and
low values of the percentage error of the numerical model predict the acceptable results of the Flow
3D model with LES simulator in flushing modeling of the Sefidrood dam. A comparison of the
results shows that the LES turbulence model has a better performance in estimating the maximum



59
Numerical Modeling of ... Vol. 46, No. 3, 2023

scour depth than the RNG turbulence model, and the results are closer to the flushing results
performed in 2004.
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Table 1- Demand for reservoirs in different parts of the world

Requested tank volume(Cubic Kilometers) egion
2020 to 2030 2010 to 2020 2000 to 2010
54 51 49 Europe
424 495 467 Central and South America
248 203 167 Africa
213 281 315 Asia and Oceania
939 1032 998 Total

(AtKinson,1996) 39g0 (298 Sgwy b O3 3 2B Jle Y Jau>
Table 2- Examples of reservoir with successful sediment washing (Atkinson,1996)

Reservoir Country Reference

Baira India Jaggy and Kashyep(1984)

Gebidem Switzerland Dawans et al(1982)

Gmund Austria Rienossl and Schnelle(1982)

Hengshan China IRTCES(1985)

Honglingjin China IRTCES(1985)

Mangahao New zealand Joweti(1984)

Naodehal China IRTCES(1985)

Palagneda Switzerland Swiss Nat.Committee on Large Dams(1982)
Santo Domingo Venezuela Krumdike and chamot(1979)
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Table 5- Comparison of the results of RNG and LES turbulence models and the results of flushing in
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Measurement  Flow 3D-
Station(m) of Flushing ~ RNG ﬂﬁ&f&}ﬁs EE"SS(E) E’:g'%m) R2-LES

Dam(m) Model(m)
0 193.500 193.100 193.4 1.3400 0.9500 1.9520
100 194.000 193.500 193.8 0.7100 0.7100 0.8774
200 193.600 193.800 193.9 0.0600 0.0600 1.1112
300 194.000 194.500 193.9 0.0324 0.1800 0.3811
400 195.000 195.300 194.8 0.0100 0.1000 0.1508
500 196.100 196.200 196.3 0.1500 0.5000 0.6868
600 197.500 196.800 197.5 0.2600 0.6000 5.0150

RMSE=0.57 MAE=0.454 R2=0.832
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