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1 INTRODUCTION 

With the rapid development of China's industrialization and urbanization, the demand for electricity is 
growing, and the number of thermal power projects is increasing. In order to ensure the normal supply 
cooling water of thermal power plant, planning layout for cooling water intakes is necessary. Then, the 
primary problem is analysis riverbed erosion-deposition and characteristics of sediment movement at the 
intakes (CHEN (2008)

[1]
, DUAN (1997)

[2]
, ZHANG (2006)

[3]
). So, it is essential to the safe operation of 

power plants in the future. 
The water intake from river have two kinds: the open channel type and submerged type mainly (ZHOU 

(1997)
[4]

). The former use open channel to carry water in tortuous channel. And the latter use pipeline to 
carry water (ZHAO (2003))

[5]
. Since 1958, China began independent research the thermal power genera-

tion, with the rapid development of thermal power generation, the study of sediment problems in river 
water intake station also get some achievements. XIE (2005)

[6]
, and ZHANG (2013)

[7]
 adopted numerical 

simulation to research the characteristics of flow and sediment movement. HU (2013)
[8]

 use 3D numerical 
model to simulate flows around submerged water intakes. The layout of water intakes are effected by 
many factors, such as the river regime of intake section located, the changes of bed elevation, flow and 
sediment concentration, structures of water intake at the head of water intakes. These factors are likely to 
affect the safe operation of water intakes, which lack of consideration in most models. 
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ABSTRACT: The research on flow movement and the riverbed erosion-deposition around the water in-
take is essential for the safe operation of water intake engineering. And it is necessary to demonstrate the 
reasonableness of the position of the water intake from the terms of flow pattern, the river regime and re-
duce the impact of water intaking on the fairways and flood control etc.. As an example, water intakes of 
one power plant locate at downstream of Yangtze River were selected in this paper. And a 3D numerical 
model is used to simulate local flows (as shown in Fig.1) and plane 2D flow and sediment model is used 
to simulate riverbed erosion-deposition, suspended sediment concentration around submerged water in-
takes, respectively. And recent riverbed evolutions around the water intakes were predicted and so on. 
The boundary conditions of 3D flow model provided by the calculation results of 2D model. The water-
sediment condition of typical series and high flow year, moderate flow year and low flow year typical 
year were selected. And the reservoir operation impact of the Three Gorges Project and the upstream res-
ervoir to the water-sediment process downstream were take into account. Then, the better location and 
appropriate elevation of water intake were recommended based on the calculations result of models 
through analyzing the change of riverbed erosion-deposition, bed elevation and suspended sediment con-
centration around water intakes (as shown in Fig.2). The results show that the change of riverbed erosion 
and deposition around the water intake is not only affected by the conditions of incoming water and sedi-
ment, but also by the position of the local topography at the same river reach. Therefore, it is essential to 
select the appropriate location and elevation to the water intake engineering. 

Keywords: Water intake engineering, Riverbed erosion-deposition, 3D numerical model, 2D numerical 
model 
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In this paper, a 3D numerical model is used to simulate local flows. And the plane 2D flow and sedi-
ment model is used to simulate riverbed erosion-deposition, suspended sediment concentration around 
submerged water intakes. At the same time, the 2D model is used to research the effect of river regime 
change, bed elevation change, sediment concentration and other factors to water intakes projects. 

2 MODELING 

2.1 3D modeling 

A semi-implicit 3D numerical model for non-hydrostatic pressure on an unstructured σ grid was adopted. 
In the model, governing equations use the 3D Reynolds time-averaged equations (NS equations) based on 
assumption of Boussinesq isotropic turbulence. And the turbulent stresses are calculated with ε - k model. 

The pressure decomposition technique and θ semi-implicit method are used, with the solution proce-
dure being split into two steps. First, with the implicit parts of non-hydrostatic pressures excluded, the 
provisional velocity field and free surface are obtained by solving a 2-D Poisson equation. Second, the 
theory of the differential operator is employed to derive the 3-D Poisson equation for non-hydrostatic 
pressures, which is solved to obtain the non-hydrostatic pressures and to update the provisional velocity 
field. When the non-orthogonal sigma-coordinate transformation is introduced, additional terms come in-
to being, resulting in a 15-diagonal, diagonally dominant but unsymmetric linear system in the 3-D Pois-
son equation for non-hydrostatic pressures. The Biconjugate Gradient Stabilized (BiCGstab) method is 
used to solve the resulting 3-D unsymmetric linear system instead of the conjugate gradient method, 
which can only be used for symmetric, positive-definite linear systems. 

The detail of model equations and discretization can be found in the paper of HU (2011
[9]

, 2013
[10]

). 

2.2 2D flow and sediment modeling 

The governing equations of 2D include the flow continuity equation, suspended sediment diffusion equa-
tion, bedload unbalanced transport equation and riverbed deformation equation based on general curvilin-
ear coordinates. Limited to the length, the equations are not list here. 

FVM (finite volume method) and staggered grids were adopted in the 2D modeling. In computation, 
SIMPLE (Semi-Implicit Method for Pressure- Linked Equations) was adopted. Method of ADI and 
TDMA were linked to solve the discretized algebraic equations. And stop the computation when max re-
sidual error of every variable all little than 10

-5
. 

3 CALCULATION SCHEME AND RESULT 

Limited to the length, the results of calibration and verification for the 3D an 2d modeling are not list in 
the paper. 

3.1 Water intake project profile 

A power plant located at the right bank of Hukou waterways, about 37km downstream of Jiujiang Bridge 
in the Changjiang River, as shown in Fig.1. The power plant which include two 1000MW coal-fired units 
need intake water from Changjiang River. And the designed intake flow is about 1.0m

3
/s. Preliminary de-

sign provides four water intake location (intake 1 to 4 from upstream), so we need to filter out optimum 
location using the flow and sediment mathematical model. 

In this water intake project, two structural styles, i.e. mushroom-style (intake 1 to 3) and single-sided 
box-style (intake 4) were considered. The bed elevation of first style is -7.42m, and the diameter of mush-
room is 3.5m. The bed elevation of second style is 3.46m, and the size of single-sided box is 4m×2.5m 
(high×wide). 

3.2 Calculation reach and grid partition 

The calculation reach of 2D model is about 66km ,and the number of grid is 28800 (360×80) as shown in 
Fig.1. The calculation river reach of 3D model is about 13km, and the number of grid and node is 17209 
and 16956 respectively (Fig.2). And river terrain data of Dec., 2011 was adopted as initial terrain data. 
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(2) The results show that the change of riverbed erosion and deposition around the water intake is not 
only affected by the conditions of incoming water and sediment, but also by the position of the local to-
pography at the same river reach. 

(3) The riverbed variation follows the law of sediment deposition on high-water period and sediment 
erosion on low-water period. 

(4) The vertical average sediment concentration at each intake is closely related to sediment incoming, 
i.e. the bigger sediment concentration incoming, the bigger sediment concentration at each intake. 
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