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ABSTRACT 
Investigations of saltwater intrusion (SWI) dynamics in response to transient stresses have 
received little attention in the literature. In this study, we performed laboratory experiments 
and numerical simulations to characterize the toe length, the saltwater wedge toe velocity 
and the transition zone under both advancing and receding wedge conditions. The results 
reveal the presence of an overshooting of 3% toward the end of the retreat, which shows that 
the overshooting phenomenon can also occur as a result of a sharp increase of freshwater 
level in head controlled aquifer systems. The results also show that the velocity of the toe 
decreases almost following an exponential decay in both intruding and receding conditions. 
A very high toe velocity was observed during the retreat, as expected. Furthermore, the 
width of the transition zone was relatively constant throughout SWI, while it increased 
significantly in the early stage of the retreat, which interestingly corresponds to the 
maximum saltwater wedge toe velocity. Based on the experimental observations, we 
hypothesized that during the retreat, freshwater flux intrudes into the saltwater wedge along 
the bed of the aquifer, and moves upward toward the interface due to density contrast, 
resulting in a significant widening of the transition zone. In order to test this hypothesis, we 
further completed additional experiments varying the hydraulic conductivity of the porous 
media, and installing an impermeable cutoff wall to impede the freshwater flow. In all, four 
scenarios were tested, including three homogenous aquifers of different hydraulic 
conductivity, and an aquifer of similar hydraulic conductivity with cutoff wall purposely 
located outside the area of the saltwater wedge. The large width of the transition zone 
observed in the retreat increased significantly for smaller hydraulic conductivity. By 
contrast, for the same hydraulic conductivity, the width of the transition zone was 
substantially reduced in the presence of the cutoff wall.  
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