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3- Smagorinsky formula
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1. Introduction

In many cases, with entering the floods in the reservoirs of dams, turbidity currents are occurred at the bottom of
reservoir. This current is one of agents in sedimentation and reducing the water capacity of reservoirs and useful life
of dams. Opening bottom gates is a conventional method of this currents venting and preservation of the useful
volume of the reservoir. Sefid-Rud reservoir dam is the largest hydroelectric dam in Gilan which has a lot of
sedimentation problems. In this research, advancing the turbidity current in Sefid-Rud reservoir dam was surveyed
and the effect of bottom gates of Sefid-Rud dam on venting of turbidity current was evaluated in different scenarios
by using Mike3 Model.

2. Methodology
2.1. The Mike3 model

Mike3 is a three-dimensional numerical model which has developed by the Danish Hydraulic Institute for
simulation of free-surface flows, cohesive/non cohesive sediment transport and water quality using structured or
unstructured grids. There are different modules for unstructured grids in Mike3 model. In this research, the
hydrodynamic module was used for simulation according to the features of this module. The model based on
unstructured grids uses a finite volume method to integrate numerical equations [1].

2.2. Sefid-Rud dam and field measurements

Sefid-Rud reservoir dam is located at the 200 km distance in northwest of Tehran and 100 KM from Caspian Sea
near the Manjil city, at downstream of the confluence of Ghezel-Ozan and Shah-Rud rivers. The Sefid-Rud dam is a
buttress concrete dam, with 106 m height, normal level 271.65 m and has 5 bottom outlet gates, 2 middle gates and
2 surface weirs. At the time of operation, water volume was about 1.8 milliard cubic meters but due to the
sedimentation has been reduced to about 1.16 milliard cubic meter. In Sefid-Rud dam, water sampling was carried
out in three turbidity currents that occurred during the floods. The times of water sampling for the determination of
suspended sediments concentration were May and June 2006 (stage 1), November and December 2006 (stage 2) and
March and April 2007 (stage 3). In this research, the third stage measurements were used to calibrate the numerical
model according to the choice of time for the simulation [2].

2.3. Input data of numerical model
2.3.1. Grids and bathymetry

The topography map of reservoir Sefid-Rud dam was used to define the area geometry. The Mike3 model uses
triangular elements for unstructured grids. According to time limits, providing accuracy and model stability, the
optimum grid was chosen. The bathymetry of reservoir was generated by using the method of interpolation.
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2.3.2. Boundary conditions

Boundary conditions were specified at the inflow boundaries contained Gezel-Ozan and Shah-Rud rivers and
outflow of bottom outlet gates. The daily discharge hydrograph and concentration of suspended sediments diagram
for 33 days (April 12, 2007 to May 14, 2007) were used at the inflow boundaries. Output discharges values from
Sefid-Rud dam were entered model according to scenarios for opening the bottom outlet gates. Also boundary
conditions at the dam site such as water surface elevation and concentration of suspended sediments were entered
261.65 and zero (i.e. clear water), respectively.

2.3.3. Other input data

The turbulence was modeled using eddy viscosity in Mike3. Log Law formula and Smagorinsky [3] formula
were used for eddy viscosity at vertical and horizontal directions respectively. The bed roughness height was
assumed 0.05 m based on bed material samples. The maximum CFL* number for the hydrodynamic model was 0.43,
and for the advection-diffusion model was 0.27, which were both in the stability range of the model. Water and
sediment particles density were determined 999.7 kg/m® and 2650 kg/m?, respectively.
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Fig. 1. Bathymetry of Sefid-Rud reservoir dam in Mike3 model

3. Results and discussion
3.1. Reaching time of turbidity current to the dam

According to entering flood into reservoir at the same time in beginning of Ghezel-Ozan and Shah-Rud
branches, turbidity current reached the dam body through the Shah-Rud branch earlier than Ghezel-Ozan branch and
determined the time opening of bottom outlet gates.

3.2. Model calibration

Investigation of suspended sediments concentration profile in cross-sections indicated the formation of turbidity
current in reservoir and its progress toward the dam body. Also concentration profiles during the progressive of
turbidity current from the beginning of entering Ghezel-Ozan and Shah-Rud rivers into reservoir showed that by
reaching the dam body, sediments concentration is decreased due to the increasing volume of water and entrainment
phenomenon. Modeling results were compared with field data in three cross-sections and were calibrated. High
values of deterministic coefficient and low values of error coefficients showed the ability of model used in
simulation of turbidity current in Sefid-Rud reservoir dam.

3.3. Sediments evacuation efficiency

Sediments evacuation efficiency in different operations of bottom outlet gates showed that increasing in gates
opening because of increasing removed sediments weight was caused to increase the sediments evacuation
efficiency. In each scenario, increasing the operation time of gates due to more sediments output increased the
sediments evacuation efficiency.

1- Courant - Friedrich - Levy
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3.4. Removed sediments respect to outflow water

Removed sediments weight respect to outflow water unit volume from reservoir in different operations of bottom
outlet gates showed that by the decrease of gates opening, per volume of outflow water, more sediments were
removed from gates. In each scenario, increasing the operation time of gates opening due to more sediments output
increased the removed sediments respect to outflow water.

3.5. Water surface elevation in reservoir

Water surface elevation changes in different operations of bottom outlet gates according to elevation-volume of
Sefid-Rud dam reservoir showed that in the time period of 48 hours for the gates operation, maximum and minimum
of water surface elevation were occurred in the case of 25 and 100 percent gates opening respectively.
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Fig. 2. Water surface elevation changes in different operations of bottom outlet gate at Sefid-Rud dam

3.6. Optimum operation of bottom outlet gates

According to the results of studied parameters and the existence of enough water in the reservoir for the venting
of turbidity current in defined scenarios, optimum operation of bottom outlet gates was determined. The result
showed that if there is no limit for outflow of reservoir water, the complete gates opening in time period of 48 hours
is chosen for venting of turbidity current, but in the case of reservoir water volume preservation, the 25 percent gates
opening in time period of 48 hours is chosen for venting of turbidity current that more sediments are removed by
gates per minimum volume of outflow water from reservoir.

4. Conclusions

The results showed that according to entering flood into reservoir at the same time in beginning of Ghezel-Ozan
and Shah-Rud branches, turbidity current reached the dam body through the Shah-Rud branch earlier than
Ghezel-Ozan and determined the time opening of bottom outlet gates. Modeling results of suspended sediments
concentration profile were compared with field data in three cross-sections and were calibrated. High values of
deterministic coefficient and low values of error coefficients show the ability of the used model in simulation of
turbidity current in Sefid-Rud reservoir dam. Also the optimum operation of bottom outlet gates of Sefid-Rud dam
for venting of turbidity current in defined scenarios was studied. The results showed that according to sediment
evacuation efficiency and removed sediments weight respect to outflow water volume from reservoir parameters and
existence of enough water in reservoir for venting of turbidity current, the best option and optimum operation of
bottom outlet gates can be determined.
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