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What is the Salt-Lake problem and why is 

relevant?



Hele-Shaw Cell

A Hele-Shaw cell is a physical analogue for flow 

through saturated porous media. It consists of 

two parallel plates separated by a small gap.



SEAWAT

SEAWAT simulates three-dimensional, variable-
density, transient ground-water flow in porous 
media. The source code for SEAWAT was developed 
by combining MODFLOW and MT3DMS into a single 
program that solves the coupled flow and solute-
transport equations

MODFLOW was modified to conserve fluid mass 
rather than fluid volume and uses equivalent 
freshwater head as the principal dependent 
variable





“Two points having equal pressures and the 

same elevation but different water densities, 

different values of h will be recorded” 



A new partial differential equation is also 
needed to describe solute transport in the 
aquifer 

fluid density is assumed to be solely a function 
of the concentration of dissolved constituents 
and they are related by the equation of state



Sounds simple but at some point we have to 

deal with this:





Explicit Coupling



Implicit Coupling



Why coupling flow and transport?



Uses:

• Saltwater Intrusion

• Aquifer Storage and Recovery (ASR)

• Brine Disposal



The Hele-Shaw Cell Experiment



The Hele-Shaw cells experiment









The SEAWAT Numerical Model



The SEAWAT numerical model



Changes to the original code

Modify the relationship between solute 

concentration and fluid density in the equation 

of state 

• ρ = ρf + 0.714 C  (Saltwater)

• ρ = ρf + 0.646 C  (K2SO4)





A random subroutine that applies a “noise” to 

the concentration boundary that represents the 

salt lake. The perturbation of 0.5 % of the total 

salinity difference is necessary to create an 

instability that triggers









Simmons proposal of a new Benchmark test has 
been successful since it has been implemented 
by the USGS

Though more complete than the existing 
benchmark  tests it does not replace them but 
complement them

Always keep in mind that it is a “qualitative” test 
and we are comparing flow patterns and not 
concentrations



The Elder problem
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