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ABSTRACT 
Modifications of the hydraulic conductivities in an aquifer may result in altered groundwater 
flow and discharge. This could potentially help to prevent or reverse seawater intrusion in 
coastal aquifers. In this study we assume a modification of the hydraulic conductivity, e.g. 
by the blocking of pore spaces. A previously homogeneous porous coastal aquifer may thus 
be separated into a deeper, more permeable and a shallower, less permeable layer. The 
analytical solution calculates the length of the saltwater wedge  [m], depending on the 
transmissivities in the upper and lower layer, respectively. A lower conductivity in the upper 
layer leads to a redistribution of groundwater flow, pushing the saltwater wedge towards the 
coast. The calculations are supported by physical sand tank experiments and compared to 
numerical model results. They are in good accordance to each other, suggesting that 
saltwater intrusion may be reduced by the modification of hydraulic conductivity. 
  

INTRODUCTION 
Seawater intrusion is a phenomenon occurring in coastal zones worldwide. Reasons are 
manifold and range from anthropogenic groundwater overexploitation to sea level rise, 
resulting in a gradient shift between the seawater and the freshwater in the aquifer. Different 
measures may be employed to reduce or even prevent seawater intrusion into coastal 
aquifers. Examples are the adjustment of groundwater abstraction rates, artificial 
groundwater recharge or flow barriers by counter wells or cutoff walls in the subsurface 
(Luyun et al. 2009, 2011, Werner at al. 2013). 
 
Here, we show a new technique to prevent seawater intrusion by modifying the hydraulic 
conductivity of a coastal aquifer. If the hydraulic conductivity in the upper part of an aquifer 
is reduced, greater volumes of groundwater will be forced to flow in the lower part. This 
redistribution of flow affects the saltwater wedge in a coastal aquifer: The saltwater will be 
pushed towards the sea as more water is flowing close to the base of the aquifer, where 
seawater usually intrudes farthest inland (Strack et al. 2016).  
 
An analytical solution was obtained to calculate the intrusion length of the saltwater wedge 
depending on the hydraulic conductivity and the thickness of both layers (Strack and Ausk 
2015). To test the analytical solution, a sand tank experiment was set up, using different 
sands for the representation of different hydraulic conductivities. Additionally, a numerical 
model was set up using Feflow 7.0 (Diersch 2014). Steady-state results are subsequently 
compared for different groundwater flow rates. 
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METHODS 

The mathematical expression for the toe length  [m] in a horizontally stratified coastal 
aquifer (Strack and Ausk 2015) is: 
 

 ,        (1) 

 
where  and  are the transmissivities [m /d] in the lower and upper layer, respectively, 
with  being the sum of both,  and  the depth [m] of the lower and upper layer, 
respectively, with  being the total aquifer height,  the density ratio [-] between fresh- and 
saltwater, and  the y. The general 
idealized set up is shown in Figure 1, where c = cseawater at the left represents the ocean, and c 
= 0 indicates fresh water of the influx  at the right side. The numerical model follows this 
set-up. 
 

 
Figure 1. Sketch of the initially saltwater saturated, layered coastal aquifer and 

boundary conditions used for numerical simulations. 
 

Physical Experiment 
The general set-up is based on the sandtank experiments presented by Stoeckl and Houben 
(2012), using an acrylic glass box of 2.0 m length, 0.5 m height and 0.05 m width (Figure 2).
Two sands were used with hydraulic conductivities determined to be 1634.69 m/d and
197.16 m/d, respectively. Saltwater was prepared by adding 35 g/l NaCl to freshwater which
was then degassed. The aquifer is initially saturated with saline water. Freshwater inflow by 
injection tubes was applied with different rates at the right side of the aquifer, using a 
peristaltic pump. Steady-state was assumed to be reached when no changes of the position of
the tip of the wedge were recorded over 1 h. 
 

RESULTS 
A comparison of the intrusion length was done for one set-up with a fixed thickness of both 
layers of 0.2 m and with the previously described fixed hydraulic conductivities. The 
seawater intrusion length  is dependent on the flow rate Q and was calculated with the 
analytical solution and compared to measurements in the physical sandtank experiment and 
to the numerical simulation results (Figure 3). The results show a non-linear behavior and 
are in good agreement with each other. 
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As analytical and numerical model results indicate, the seawater intrusion is significant 
reduced by lowering the hydraulic conductivity in the upper part of the coastal aquifer. The 
analytical solution calculating the saltwater intrusion length  could hence be verified. 
 

 
Figure 2. Sketch of the physical model experiment (Strack et al. 2016). 

 
 
 

 
Figure 3. Intrusion length xt [m] versus flow rate Q [m/d] for the analytical (calculated) 

physical (measured) and numerical (modelled) results. 
 

DISCUSSION AND CONCLUSIONS 
The results show that saltwater intrusion may be reduced when the hydraulic conductivity is 
lowered in the upper part of a coastal aquifer. Pushing the saltwater wedge towards the sea 
results in an increase in available freshwater, which may potentially serve human water 
consumption or the rehabilitation of ecosystems. 
 



25th Salt Water Intrusion Meeting, 17-
 

295
 

REFERENCES 
H. J. G. Diersch. 2014.  Finite Element Modeling of Flow, Mass and Heat Transport in 
Porous and Fractured Media. Berlin, pp.996. 
 
Luyun, R., K. Momii, and K. Nakagawa. 2009. Laboratory-scale saltwater behavior due to 
subsurface cutoff wall. Journal of Hydrology, 377(3), 227 236. 
 
Luyun, R., K. Mom ii, and K. Nakagawa. 2011. Effects of recharge wells and  barriers on 
seawater intrusion. Ground Water, 49(2), 239 249. 
 
Stoeckl, L. and G. Houben. 2012. Flow dynamics and age stratification of freshwater lenses: 
Experiments and modeling. Journal of Hydrology, 458-459, 9-15. 
 

6775. 
 
Strack, O.D.L., Stoeckl, L., Damm, K., Houben, G., Ausk, B.K., W.J. de Lange. 2016. Reduction of 
saltwater intrusion by modifying hydraulic conductivity. Water Resources Research, 52(9), 6978-
6988. 
 
Werner, A. D., M. Bakker, V. E. A. Post, A. Vandenbohede, C. Lu, B. Ataie-Ashtiani, C. T.
Simmons, and D. A. Barry. 2013. Seawater intrusion processes, investigation and management: 
Recent advances and future challenges. Advances in Water Resources, 51, 3 26. 
 
Contact Information:  Leonard Stoeckl, Federal Institute for Geosciences and Natural Resources 
(BGR), Stilleweg 2, 30655 Hannover, Germany, Phone: +49-511-6433375, Email: 
leonard.stoeckl@bgr.de 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


