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EXTENDED ABSTRACT

A very important issue for sustainable water management is the overexploita-
tion of coastal aquifers leading to seawater intrusion. It is emphasized when one
realizes that at present six out of ten people in the world live within 60 km from
a coast. A rational exploitation of these aquifers is not simple. The physical phe-
nomena taking place are complex and often the problems of sea water intrusion
are identi�ed too late when the remediation has become diÆcult.

In this paper, we present some preliminary results related to a speci�c problem:
the slow recess of the sea water wedge after an intense pumping period. We
describe this problem as we observed it in the Kiti aquifer in Cyprus. Then, we
present some numerical modeling analysis.

The situation in the Kiti aquifer

The Kiti area (about 50 km2) is situated southwest of Larnaca in Cyprus. The
aquifer is limited to the East and to the South by the Mediterranean coast, and
to the West by a limestone formation, it is extending to the North and to the
South-West along the coast. The aquifer consists mainly of sand and gravel. It is
in general very thin (around 5 m), but it is thicker (around 40m) in the Thremitos
delta due to the presence of a paleo-channel.

The groundwater is intensively used for irrigation. More than 1500 private
wells are registered by the Water Development Department. The groundwater
quality was seriously damaged by sea-water intrusion during the mid 80's. Because
of the deterioration of the water quality, the farmers reduced signi�cantly the
pumping close to the coastline and they used alternative surface water from a
water conveyor system. This lead to the restoration of an almost natural hydraulic
regime with the exception that the salinity remains high even ten years after the
reduction in pumping. This analysis can be discussed because the pumping rates,
the chloride concentrations and the water levels have not always been measured
systematically in the same boreholes during the last 30 years. We must therefore
be cautious of not over-interpreting the data. This is why we want �rst to check
the existence of the non-symmetry in the time scales with a numerical model.
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Figure 1: The 2D vertical section model

Modeling

The aim of the model is to calculate, in a very simple situation, the di�erence
between the time required to contaminate a freshwater aquifer by over-pumping
and the time required to remediate it by natural ushing of the sea water. The
physical parameters and the boundary conditions are modi�ed to analyze their
e�ects on the time scales. We use the �nite element code FEFLOW [Diersch,
1998].

var. unit default range description

SS 1=m 10�4 10�6{10�2 speci�c storage

K m=s 10�3 10�6{10�2 conductivity

v m=d 0:05 5� 10�4{5 lateral inow

Q m2=d 0:4 0:01{4 pumping rate

�l m 5 0:1{30 longitudinal dispersivity

� { 0:025 density ratio

l m 20 length

m m 5 height

R m=d 5� 10�5 recharge

n { 0:3 porosity

D m2=s 10�9 molecular di�usion

Table 1: Values for the physical parameters and the boundary conditions

The model is based on Henry's problem [Henry, 1964]. It has been expanded to
a transient situation with a well in the middle of the section (Fig. 1). The system
is fully con�ned, homogenous, and isotropic. Freshwater inow is forced on the left
side with a constant Darcy-velocity v. On the top, we apply an amount of recharge
R, with a typical value for Cyprus. The recharge keeps the numerical model
stable, therefore we do not change this parameter. In the middle of the section,
we simulate a well, by assigning source terms to the corresponding nodes of the
mesh. The right boundary simulates the interface with sea-water at hydrostatic
equilibrium (no vertical ow). The freshawater head is varying linearly. On
the lower part, the concentration is set to seawater concentration. Above, the
freshwater outlet is simulated by a concentration gradient of zero. The left and
the top boundaries are assigned to freshwater concentration, i. e. C = 0. For all
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Figure 2: Variation of the average concentration of salt in the well over time

the simulations, there are three time periods: a �rst period of 30 days without
pumping, then 15 days of pumping, and �nally 45 days without pumping. Table
1 gives the values of the parameters of the model and the ranges in which we
changed them.

Figure 2 shows a typical result for the temporal evolution of the concentra-
tions in the well. To quantify the di�erences in time scale, we used an empirical
method. We de�ne a time t1 corresponding to the time required to reach 90%
of the maximum concentration in the well during the pumping period. Then, we
de�ne the time t2 required to reach 10% of the maximum concentration during
the recession period.

Figure 2 shows on this particular case that it is faster to contaminate than
to remediate (t2 > t1). The ratio between these times give a measure of the non
symmetry of the time scales.

rt =
t2

t1
(1)

From the 45 simulations that were conducted, only two show a value of rt
lower than 1. For all the others rt ranges between 1 and 50. The values below 1
correspond to very low pumping rates close to the magnitude of the recharge on
top.

These results indicate that the apparent non-symmetry between the time scales
observed in the Kiti aquifer is probably a real phenomenon and not an artefact
due to an incomplete data set.
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Conclusion

This work emphasizes an important characteristic of sea-water wedge: it can
invade rapidly into over-pumped coastal aquifers but the time required to restore
the initial conditions is much longer. In term of sustainable management of coastal
aquifers, one has to remember that a short term bene�t produced by high pumping
rates will damage the aquifer for long period of time.
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