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ABSTRACT 
 
A numerical study is being undertaken to investigate the occurrence and to assess the 
importance of saltwater intrusion in the Sahel region along the Atlantic coast of 
Morocco. The zone, which extends from the cities of Safi and el Jadida for about 100 
km in length, is an important agricultural plain where groundwater is heavily used as 
an irrigation supply. In 1994 a study [DHRT, 1994] conducted by DRHT in 
collaboration with FAO was completed to evaluate the impact of pumping on the 
salinization of the aquifers and to define a proper exploitation scheme. A database 
was built up containing hydrogeological site characterization, monitoring and 
exploitation data from a network of 30 wells, and geophysical estimates of the 
saltwater-freshwater interface depth. These data were used to implement a two-
dimensional groundwater flow model using MODFLOW software [McDonald and 
Harbaugh, 1988]. The major hydrodynamic features of the site were adequately 
captured in these simulations, but because a static saltwater-freshwater interface was 
assumed, coinciding with the aquifer bottom, the freshwater outflow to the sea was 
over-estimated. 
 

To overcome some of the limitations of this earlier study, simulations using a 
three-dimensional density-dependent coupled variably saturated flow and transport 
model [Gambolati et al., 1999, Lecca 2000] are currently being conducted. The study 
on the Sahel region is integrated in a research framework of similar studies which are 
being (or have been) undertaken in two other sites in Muravera, Sardinia (Italy) and 
the Korba region (Tunisia) [Paniconi et al., 2000]. The model implementation will 
allow a more realistic representation of the hydrodynamics of the aquifer system, 
considering also the presence of a mixing zone between the freshwater and the 
seawater, and will benefit from the characterization and calibration of the flow 
processes that resulted from the prior study. This contribution will describe 
simulations being conducted on a series of cross-sections perpendicular to the coast, 
each of about 5 km in length and with an average (though spatially variable) aquifer 
thickness of 100 m. These first simulations, covering the period 1950-1992, will be 
calibrated to the water table levels and to the observation data of the interface depth 
that have already been characterized from monitoring data and flow simulations. 
Figure 1 shows the comparison between the measured water table level and the steady 
state computed freshwater equivalent pressure head isocontours in 1950. The Darcy 
velocity field is also shown, which denotes at the ocean side on the left boundary of 
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the domain an upper outlet of freshwater into the sea and, correspondingly, a lower 
inlet of seawater into the aquifer. The dense computational grid, with an average 
space interval of about 20 m, being used in these cross-sectional simulations will 
allow investigation of dispersion effects and the influence of the coastal boundary 
treatment. In particular, Figures 2 and 3 compare the “measured” saltwater-freshwater 
interface with the computed relative concentration isocontours of a 42-year transient 
coupled flow and transport simulation, using two different sets of isotropic 
dispersivities of 10 and 100 m, respectively. These Figures show that, although in 
both simulations the zero isocontour line spans the same distance (of about 2000 m) 
from the left boundary, different intrusion patterns are calculated by using different 
dispersivity values, with the lower dispersity simulations being more accurate in 
tracking the 1992 “measured” interface. 

  
As the aquifer is also known to be fractured, these effects will also be 

examined by varying the hydraulic conductivity in designated zones or strips within 
the study domain. Finally, by piecing together the cross-section simulations, a three-
dimensional picture can be constructed that will, in future work, be compared against 
computationally-intensive fully three-dimensional simulations of the entire study area. 
This will help assess the importance of transversal flow in the aquifer, hypothesized 
for this site to be marginal in comparison with the longitudinal (perpendicular to the 
coast) flow and transport processes.  
 

 
 

Figure 1: Comparison between observed water table level (black dashed line) and 
computed equivalent freshwater pressure head isocontours in 1950 for the first section 

of the study. The Darcy velocity field is also shown. 
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Figure 2: Comparison between “measured” saltwater-freshwater interface (black line) 
and computed relative concentration isocontours in 1992 for the first section of the 
study using isotropic dispersivities of 10 m. 
 

 
 

 
Figure 3: Comparison between “measured” saltwater-freshwater interface (black line) 
and computed relative concentration isocontours in 1992 for the first section of the 
study, using isotropic dispersivities of 100 m. 



 4 

 
References 
 
DRHT, Elaboration d’un schéma d’exploitation des eaux souterraines du Sahel. 

Rapport de synthèse. F.A.O Projet TCP/MOR/2251. Marrakech, Morocco, 
1994. 

 
Gambolati G., M. Putti  and C. Paniconi, “Three-dimensional model of coupled 

density-dependent flow and miscible salt transport in groundwater”. In: Bear 
et al. (eds.), Seawater Intrusion in Coastal Aquifers: Concepts, Methods, and 
Practices, Chapter 10, pp. 315-362, Kluwer Academic, Dordrecht, The 
Netherlands, 1999. 

 
Lecca G., Implementation and testing of the CODESA-3D model for density-

dependent flow and transport problems in porous media. CRS4-TECH-REP-
00/40, CRS4, Cagliari, Italy, 2000. 

 
McDonald M. G. and A. W. Harbaugh,  MODFLOW - A Modular Three Dimensional 

Finite-Difference Ground-Water Flow Model, Book 6, Chapter A1 of 
"Techniques of Water Resources Investigation of the United States Geological 
Survey”, U.S. Government Printing Office, 1988.  

 
Paniconi C., A. Giacomelli, G. Lecca, I. Khlaifi and J. Tarhouni, “Analysis of 

seawater intrusion phenomena in the Korba coastal aquifer”. In: Bentley et al., 
(eds.), Computational Methods in Water Resources XIII, pp. 51-58, Balkema, 
Rotterdam, The Netherlands, 2000. 

 
 
Acknowledgements:  The study is financed by the Sardinian Regional Authorities 
(L.R. 19/96, International cooperation for development).  
        
Keywords:  density-dependent flow and transport, numerical modeling, finite element 
method. 
 
Corresponding author: Giuditta Lecca, Expert Researcher, Centre for Advanced 
Study, Research and Development in Sardinia (CRS4), Sesta Strada Ovest, Z.I. 
Macchiareddu, C.P. 94, 09010 Uta (Cagliari), Italy. Email: giuditta@crs4.it, Tel: +39-
070-2796-272, Fax: +39-070-2796-216. 

 

mailto:giuditta@crs4.it

	References

