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1. Introduction

In Iran, Dez dam has suffered from long flood-induced high turbidity currents. A major problem of this
dam is sedimentation that has now blocked the irrigation gates. Mean annual sediment deposition in the
reservoir is about 15 million tons. The level of deposited sediment is very close to the intake of power
stations. The elevation of sediment deposition has now reached to nearly 14 meters under the intakes of
power stations (Research center of power Ministry, 2003). In this study, a high resolution 3-D numerical
model is employed based on nonhydrostatic Navier-Stokes equations, to investigate the dynamics of density
flows resulting from the complicated reservoir morphometry.

2. OVERVIEW OF FLOW-3D CODE

FLOW-3D is a commercial code capable of fluid-boundary tracking and resolves fluid-fluid and fluid-air
interfaces using highly-resolved structured meshes. The model provides transient, 3-D numerical solutions
to multi-scale, multi-physics flow problems. It is ideally suited for free-surface flows since it exploits the
highly accurate improved Volume of Fluid (VOF) technique to predict the free surface. In addition to the
VOF technique, the structured FAVOR (Fractional Area-Volume Obstacle Representation) method is used to
get accurate geometric representations of complex geometries in the computational domain that is based
on rectangular volume cells.

3.STUDY AREA

The Dez Dam was constructed in 1970 on the Dez River in North West of province Khouzestan of Iran.
The dam is 203 meters high and is two arch dam. The total initial storage volume of the reservoir was 3.3
Billion cubic meters. It was built in a canyon with 500 meters of depth. The height of the dam is about 212
meters and the thickness in crest level is about 4.5 meters. The purposes of the dam construction are supply
downstream irrigation water, power generation, and floods control.

4. Bathymetry and Grid Generation

The bathymetric survey of Dez Reservoir provides topographic and bathymetric data for the production
of a DEM. AutoCAD and Arcview GIS software were used to create the 3-D bathymetric model as a high
resolution stereolithography (STL) format, which can be exported to the FLOW-3D model. In order to solve
the governing equations using the finite-volume approach, the simulation domain is required to be
discretized on model grids. Authors employed a relatively high-resolution discretization grids. The vertical
layers below the water surface were represented by one meter depth (Az = 1.0 m) throughout the reservoir
water column, while horizontal grid sizes were chosen to be 25m (Ax=Ay=25m) due to the limitations of
current computer resources in terms of both total run time and memory capacity. Fig. 1-a. shows the FAVOR
method which is used in the simulation.
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Fig. 1. a) Three-dimensional bathymetric modeling, b) Propagation of the turbid density intrusions upstream from the
Dez dam on March 27,2003 at 10:00 AM

5. Boundary and initial condition

Boundary conditions were specified at the inflow boundaries (Dez River) and water level. The daily
discharge hydrograph was used because a flood condition occurred in that period of time and field
measurements of the density current were also conducted. The relationship between sediment
concentration and turbidity (NTU) obtained from field data will be used to specify boundary conditions for
numerical simulations. Fig. 2-b. shows the propagation of the turbid density intrusions at upstream of Dez
dam on March 27, 2003 at 10:00 AM at upstream. Fig. 2. shows field measurements for setting boundary
conditions.

1000

Turbidity (NTU)
3

0.010 0.100 1.000 10.000

313 ;
02/17/03 02/27/03 03/08/03 03/18/03 03/28/03 04/07/03 04/17/03 0427/03 Sediment (gr/if]
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Fig. 2. a) The time series plots of inflow and water level, b) Relationship between sediment concentration and turbidity
(NTU) measured at the tributary station (F) (Research Center of Water and Power Company Khuzestan, 2007).

6. Results and discussion

Numerical simulations were performed during 2 days (March 27, 2003 to March 28, 2003) with an
upstream flood discharge of 1663 m3/s and an input concentration of 5000 Mgr/L. Fig. 3. presents the
simulated temporal and spatial distributions of turbidity current. The inflows showed fast propagation
speeds in the transitional region (F~A) due to the bed slope and narrow cross section, while the inflows
reduced their propagation speed because they intruded horizontally into the lacustrine region (A~D),
whose width is greater than that of the other regions (i.e., riverine or transitional region). Table 1. shows
that the numerical solution provides a good prediction of the celerity and intrusion depth turbid density
currents in Dez Reservoir.

Table 1. Comparison of measured and estimated heights and velocity of Turbidity current

Station Height of Turbidity current (m) Velocity of Turbidity current(m/s)
! Flow-3d __ Flow-3d  MTCM _ Measurement Flow-3d MTCM Measurement
A-F 32 32 26.4 30.5 43 51 47.5

F-D 46 46 47 50 27 28.5 25.3
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Fig. 3. Simulated temporal and spatial distributions of suspended sediment concentration (mg/1)

4., Conclusions

The numerical results show good accuracy in simulating the evolution of the density current in the
reservoir. Therefore, the model can be reliably used in simulations of flow, sediment transport, and the
travel time of the density current in reservoirs, which is needed for the optimal opening and closing of gates
for the evacuation of sediments. Another application of such simulations is to determine the operation time
of power plants according to the allowed concentration of sediment.

This study Turbid Density Current with flood discharge 1663 m3 /s and input concentration 5000 Mgr/L
simulated in Dez dam. The results show in during 30 hours sediment particles with concentration 2100
Mgr/L has been reached the dam wall. Hydrodynamic of Turbid Density Current height and mean flow
velocity using numerical calculation and the results were compared with measured data for an average
speed of at least the error 6.3 % of the maximum error 10.5 the percentage. The average height of the errors
observed for at least 4.6 and maximum 8.7 percent.
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