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ABSTRACT 
In this work we investigated effects of saltwater pumping to protect an over-exploiting 
freshwater pumping well. The experiment was designed using a simulation-optimization 
numerical model taking into account various parameters. The model can identify the minimum 
saltwater pumping rate required to protect the over-exploiting pumping well. A field site with a 
freshwater-saltwater stratified aquifer is selected. The effect of saltwater pumping on freshwater 
pumping is shown with the electric conductivity (EC) values. 
 
INTRODUCTION 
One of the phenomena that limit fresh groundwater development in coastal area is saltwater 
intrusion. In this case when more groundwater than allowed is withdrawn, pumping wells may be 
contaminated by saltwater. Freshwater injection or saltwater pumping may be used to protect 
over-exploiting freshwater pumping wells from saltwater intrusion. In many cases freshwater 
injection is preferred to saltwater pumping because of two primary reasons. First saltwater 
pumping may waste freshwater because of down conning. Secondly disposal of salty water may 
pose difficulties. Waste of freshwater may be reduced by limiting saltwater pumping to the 
minimum rate. A rigorous simulation-optimization model can be used to identify the minimum 
saltwater pumping rate. In this work applicability of a simulation-optimization model for 
protecting over exploiting freshwater pumping wells is investigated at a small-scale experimental 
field. 
 
SIMULATION-OPTIMIZATION MODEL  
Park and Hong (2006) developed a simulation-optimization model for computing optimal 
schemes in managing coastal groundwater. A sharp-interface two-phase finite element model is 
used to simulate fresh and salt groundwater flows. A genetic algorithm is used as an optimization 
technique. The objective function is constructed to compute maximum freshwater pumping rates 
and minimum freshwater injection or saltwater pumping rates.  Well locations can also be 
decision variables. A simple method is devised to compare sharp-interface model results with 
continuously-varying field-measured EC values. The model results are tested against an 
extensive series of laboratory sand-tank experiments. 
 
FIELD EXPERIMENT 
A field site with density-stratified unconfined aquifer is selected (Figure 1). An abandoned 
pumping well (two concentric circles in Figure 1.) due to increased salinity is chosen as a target 
well. The well is of about 60m deep (Figure 2(a)). The groundwater level is nearly constant at 
approximately 1m from the land surface. EC loggings conducted over 30 months indicate stable 
profiles (Figure 2(b)). The EC for the upper 15m-layer of the groundwater is about 11 mS/cm 
and it increases in steps to 35mS/cm roughly 25-27m below the ground surface. The thickness of 
the transition zone is shown to be about 10-12m.  
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Two pumps are installed at different depths: the freshwater pump at -10m and the saltwater 
pump at -40m. Three EC sensors were installed at -15m, -22m, and -30m to monitor the change 
in the transition zone. The EC value of the freshwater pump outlet is also monitored. 
 

 
 

Figure 1.  The Topographical Map of the Field Site 
 

 
 

Figure 2.  (a) Schematics of pumping well and (b) EC logging results. 
 

EXPERIMENTAL SCENARIO  
The objective of the experiment is to validate the design results of the simulation-optimization 
model for protecting excessive freshwater pumping via saltwater pumping. To identify the 
aquifer parameters a preliminary experiment is conducted. Model parameters are calibrated 
against the measurements.  
 
The main experiment is designed in steps. In the first step, the optimal freshwater pumping rate 
from the upper well at -10m GL (Figure 2), that would not cause saltwater contamination due to 
up coning, is computed from the model. In the second step, the reaction of the groundwater flows 
to increased freshwater pumping rate is simulated. In the third step, the minimum saltwater 
pumping rate needed to suppress the up coning and restore the freshwater pumping well is 
computed. 
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The pumping pattern of various pumping stages is depicted in Figure 3. In the first step only the 
excessive freshwater pumping is applied to cause saltwater up coning. After 1200 minutes the 
minimum saltwater pumping is applied to the deeper pump to suppress the saltwater up coning 
while maintaining excessive freshwater withdrawal from the upper pump. In this manuscript 
water level and EC measurements are presented along with the computed values.  The 
experimental scenario is designed such that the experiment is completed within two days. 
 
 

 
 

Figure 3.  Freshwater and Saltwater Pumping Scenario. 
 
EXPERIMENTAL RESULTS AND DISCUSSION 
Figure 4(a) compares the computed and observed water levels measured during the experiment. 
Details in drawdown disagree but the general pattern is in good agreement. The water levels rise 
after both pumps were turned off at the completion of the experiment. Figure 4(b) compares the 
EC values at freshwater pump outlet. Again values are not in agreement, but the figure clearly 
shows that the trend is simulated accurately. Recall that the simulation model used is a sharp-
interface model.  
 

 
(a)                                                                  (b) 

Figure 4. Comparison of computed and observed  
(a) Water Levels and (b) EC values of pumped water 

 
Figure 5 depicts the computed and observed EC values at different locations in the pumping 
well. The numerical results deviate from the measured values. But again, the numerical model is 
able to reproduce the general trend.  
 
In this study we investigate the field applicability of the simulation-optimization model. 
Considering the limitations of the simplified sharp-interface simulation model two major 
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outcomes can be noted from this work. First, the sharp interface model can reasonably estimate 
EC values in both pumping and observation wells with a simple algorithm. Secondly, the 
simulation-optimization model can identify the minimum saltwater pumping rate to protect the 
excessive freshwater pumping well. Details of the model and experiments shall be presented at 
the Meeting. 
 
 
 

 
(a)                                                (b)                                              (c) 

Figure 5. Comparison of EC values at Different Locations  
(a) -30m GL, (b) -22m, (c) -15m 
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