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It is important to test computer models to ensure that the mathematical statements and solution 
schemes accurately represent the physical processes of interest.  Since the availability of 
benchmark problems for testing density-dependent groundwater models is limited, one should be 
careful in using these problems appropriately. In a typical, density dependent groundwater flow 
problem two distinct convection processes are present 1) a convective flow forced by the 
boundary condition, known as forced convection 2) a convective flow resulting from density 
gradients, known as free convection.   It is important that the benchmarking procedure used for 
testing density coupled groundwater flow models clearly distinguish and test physical interaction 
between the forced and free convection processes. In this work, discuss a numerical procedure 
that would help evaluate the worthiness of the benchmark problems for 
testing these two convective transport processes (Simpson and Clement, 2003). Using this novel 
testing procedure we identified that the standard Henry salt water intrusion problem is less 
worthy than the standard Elder salt convection problem. The quality of these benchmark 
problems is then evaluated by solving the problems in the standard 
density-coupled mode and in a new density-uncoupled mode. A finite element model is used to 
solve a modified Henry problem and the numerical results show that the worthiness of Henry's 
problem can be improved by decreasing the freshwater recharge. This modification maintains the 
usual benefits of the standard test case, while at the 
same time increasing the influence of the density-dependent effects. The numerical results for the 
modified Henry problem are then rigorously tested against a new set of Henry's semi-analytical 
solution results. The new semi-analytical result for the modified problem offers an additional 
improvement over the standard Henry problem that has 
typically only been tested using inter-code comparisons. 
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