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ABSTRACT 
 

A field case of a Chinese island of several square kilometers size was used to 
study the impact of different pumping schemes on the water quality in a well field. 
Receiving freshwater by recharge only the amount of freshwater available for 
abstraction is very limited. Seawater intrusion will be increased by pumping in the 
well field, and the amount and location of seawater intrusion depend strongly on the 
hydrogeology of the island. Two clay layers constitute a vertical division, the 
permeabilities varying over more than two orders of magnitude.  

A numerical model was set up based on a calibrated existing model of this 
heterogeneous aquifer with a dozen sub-sections in the top aquifer and using contour 
plots of the elevation of each geological unit. The numerical code used is the recently 
developed d3f, capable of simulating the full equations of miscible, variable-density 
flow on a fully three-dimensional grid. It handles unstructured, locally refined grids 
and provides advanced methods like locally mass conservative discretization schemes 
(space and time) of first and second order. The applied fully implicit solution strategy 
uses a multigrid solver for the linear sub-problems. An implementation on massively 
parallel MIMD parallel computers is available to speed up the solution process. 

The system was assumed to be in steady-state prior to water abstraction on the 
island. Initially a quasi-transient simulation was run with a hypothetical seawater 
aquifer, resulting in a relatively shallow freshwater lens below the island. Following 
this steady-state situation several pumping scenarios were applied and the change in 
flow and salt concentration distribution simulated, each scenario in a transient 
simulation for several hundred years. Additionally, also modeling aspects like the use 
of different grid refinements have been addressed. 

The consequential upconing of the more dense seawater below the wells and 
its mixing with freshwater depends clearly on the pumping scenario, and consequently 
so does the salt concentration in the pumped water. It is shown that the distribution of 
the wells over a greater area improves the water quality in the long term, and should 
be considered in water management planing to avoid damaging the water resource.  
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