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Introduction 
2D-depth averaged numerical models have been frequently used in problems of rivers and 

shallow waterways in recent years.  For river bends with a mean radius-to-width ratio of bigger 

than 3.0 ( , we can suppose flow exhibits 2D characteristics [1]. Several researchers 

have developed 2D, depth averaged models for hydrodynamic modeling of river flow [1-11].  

Simulation of contaminant dispersion in rivers and waterways is one of the interesting  research 

topics recently. Duan (2004) developed a hydrodynamic and conaminant dispersion model [11]. 

She used a Cartesian grid for her model. The main drawback of using Cartesian mesh is its 

shortcoming in modeling of perimeters accurately in curved waterways. 

This paper reports development of an integrated curvilinear 2D-depth averaged numerical model 

for hydrodynamic and pollutant dispersion for rivers and shallow waterways. 

 

Governing Equations 
The vectorized form of 2D-depth averaged equations in curvilinear mesh system is [1]:   

 
(1) 
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(2) 

 

 
 

and x y x yJ       is Jacobian, and the metrics , , , and 

 , are a result of the grid transformation and are computed numerically. 

2D-depth averaged advection-dispersion equation in curvilinear mesh (Fig. 1) for a contaminant 

is [12, 13]  
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where rv  and  sv  are component velocities in longitudinal and transverse directions, 

respectively. sm  and rm  are geometrical parameters and computed as follows. 

 (4) 

R

WWrR
ms

)/( 1
   and 

1W

W
mr   

where 1W is river width at inlet section, W  and R , are width and radius of the path, and r  is 

transverse curvilinear coordinate component. When we follow the path of river in s direction 

(Fig. 1), R  is positive and negative for up concavity and down concavity, respectively. Function 

( , , )f s r t  is volume of contaminant per unit area of river surface at point ( , )s r . 

C is concentration of contaminant (bulk) and, rk  and sk  are transverse and longitudinal 

dispersion coefficients, respectively. 

Fig 1) curvilinear coordinate system ( , )s r  

 

Numerical Method 
Equation (1) is solved using a second-order implicit finite difference method developed by [14]. 

This equation is linearized by expanding the nonlinear terms in a Taylor series about the known 

time level n . Finally, to be consistent with the time differencing, the first derivatives in the 

spatial directions are evaluated using second-order central differencing formula [1]. 

For discretization of equation (3) and corresponding boundary conditions, method of Crank-

Nicolson was used. This scheme is second-order accurate and unconditionally stable. 

 
Applications 
To verify the model, hydrodynamic simulation of flow in a highly curved channel, and 

hydrodynamic and dispersion of a contaminant in a meandering channel has been presented.  

Fig. 2 shows simulation of a contaminant in a meandering channel. 

 

 
 

Fig 2) contaminant dispersion in meandering channel  
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Conclusions 
This paper reports the process of developing a 2D-numerical model for shallow waters. The 

model can be used for simulation of hydrodynamics and contaminant dispersion in rivers and 

shallow waterways. The model can handle rivers with variable width, depth, and path and is 

capable of grid generation, input data preparation, and processing of output results. The model is 

formulated in curvilinear coordinates. With this mesh, model can simulate variation of 

perimeters accurately in curved waterways. Calibration and verification of dispersion model for 

achieving accurate results in field problems is important.  
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