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The effects of density-driven flow are often met in real life environmental applications: 

injection of highly mineralized liquid wastes into subsurface aquifers, leakage of surface 

reservoirs containing heavy contaminated solutions, salt water intrusion problems etc. 

Modeling of this effect features several challenges. Flow and transport problems are coupled, 

and in two and three dimensions usually no exact analytical solutions are present. The 

numerical solutions appear to be highly dependent on the grid and the precision of numerical 

schemes used, as well as on the precision of linear and nonlinear problem solutions on each 

time step. One may observe completely different structure of the calculated fluxes and 

concentration fields obtained by use of different codes and grids. 

 

We introduce a numerical scheme which is applied for the solution of density-driven flow 

problems with the commonly used neglect of the density gradient within the diffusion term. 

The scheme is designed for the application on arbitrary 3D polyhedral grids. For the 

groundwater flow problem and the diffusion operator discretization a multi-point or a two-

point flux approximation scheme is used. The transport problem is solved using an operator-

splitting scheme in time, advection is solved explicitly while diffusion is treated implicitly. 

Advective term is discretized using a scheme with local linear reconstruction of concentration 

on mesh elements, which provides second order accuracy and low artificial diffusion. 

Transport and groundwater flow solvers are coupled using either iterative or noniterative 

approaches.  

 

On a couple of well-known tests, such as the Elder and Henry problems, the salt dome case 

and others, the solutions obtained by the proposed scheme are compared to those generated by 

other codes and by a scheme which uses standard upwinded finite volume method for the 

advection term. Effects of the grid size, precision of the linear and nonlinear systems solution 

and quality of the advection operator discretization are studied as well.  
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