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Abstract— Numerical-model constitues the main method used to solve the groundwater quantity management 
problems and to evaluate the groundwater flow mixing between different aquifer levels. This numerical method has 
the ability to consider the complicated hydrogeological characteristics that vary according to the temporal and spatial 
conditions. A numerical simulation model of groundwater flow in the Djeffara basin south-eastern Tunisia, based on 
the finite difference modeling technique, is performed to estimate the sustainability of the groundwater resource and 
to delineate suitable plan for future groundwater management. The numerical model is made of three aquifer layer 
system separated by two aquitards. The reliability of the model is tested by long series historical groundwater 
monitoring data and the model is then used to predict the impact of groundwater exploitation until 2050. It is shown a 
significant drawdown and an enhanced seawater intrusion in the first aquifer layer. 

Keywords: numerical simulation model, finite difference, groundwater flow, Djeffara, south-eastern 
Tunisia. 

1. INTRODUCTION  

Numerical model simulation constitutes an advanced tool for 
aquifer characterisation which allows the development and 
the exploration of realistic solution scenarios. The numerical 
models are widely used for the analysis of basin-scale 
groundwater hydrology and to quantify the water exchange 
between different aquifer levels (McDonald and Harbaugh, 
1984). Among the numerical methods for solving 
groundwater flow and transport equations, finite difference 
method (FDM) and finite volume method (FVM), seems to 
be more popular for their relative simplicity and the ease of 
implementation (Ataie et al., 1999; Moldrup et al., 1996; 
Stanbro et al., 2000; Sheu et al., 2000). 
This paper presents the development of a numerical model of 
groundwater flow for the multilayered aquifer system of the 
Djeffara Basin in Tunisia. The Djeffara plain, characterized 
by an arid to semi-arid climate, presents a multilayered 
aquifer system induced by the lithostratigraphic and structural 
complexity of the basin. The geology of the basin is 
composed by a succession of marine and continental 
sedimentary deposits whose lithology and thickness vary 
widely from the north to the south and from the east to the 
west (Bouaziz, 1995; Bouaziz et al., 2002; Gabtini et al., 
2009). The basin is strongly affected by tectonic 
deformations and faults in different directions, which induce 
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a distinct lateral compartmentalisation (Bouaziz et al., 2002; 
Gabtini et al., 2009). El Hamma fault is one of the prominent 
features that bound the Djeffara aquifer from the north-west 
(Fig.1). The aquifer system of the Djeffara plain constitutes 
the main water resource in south-eastern Tunisia. During last 
years, the intensive exploitation of the aquifer system caused 
a drop of water levels, drying up springs and increased risk of 
groundwater contamination by seawater intrusion. Many 
hydrological studies and projects (ERESS, 1972; Mamou, 
1990) have been carried out on this aquifer system in order to 
define the hydrogeological and the hydrochemical 
characteristic of this aquifer. In 2005, the regional 
organisation, the Saharan and Sahel Observatory (OSS) 
established a numerical model of the whole aquifer system of 
Djeffara extending to the east of Tripoli in Libya. However, 
the calibration of the elaborated model is constrained by 
major uncertainties related to the lack of data considering the 
important area of modelled surface.   
In order to assume a sustainable management of these 
groundwater resources under heavy anthropogenic stress, 
quantitative information on the groundwater flow, origin and 
mixing patterns of groundwater in the Djeffara aquifer are 
necessary. This paper presents the development of a numerical 
model of the groundwater flow of the aquifer system of the 
Djeffara in Tunisia which extends over an area of about 
15000 Km2, elaborated in order to quantify groundwater 
inputs, to estimate the rate of vertical ground-water flux 
between different aquifer levels and to simulate the 
groundwater behaviour under intense exploitation.   



 
 

     

 

2. HYDROGEOLOGICAL SETTING 

The Djeffara plain is limited by Skhira region, on the north, 
El-Hamma faults, Daher Mountains on the west and 
southwest, and by Libya borders in the south (Fig.1) 
The Djeffara plain presents a multi-layer aquifer system 
formed by three aquifers separated by two aquitards.  
- The upper aquifer layer: includes the shallow aquifer, it is 
logged in the sandy-clayey formations of the Quaternary. 
This layer extends over all the coastal plain. It is mainly 
recharged by rainwater infiltration through aquifer formation 
outcrops and by lateral leakage in the North West of the 
Continental Intercalaire groundwater through el Hamma 
Faults. Groundwater flows from the SW towards the 
Mediterranean sea. However, near the coastal area the 
increase of the exploitation has caused a general decrease of 
piezometric level and local migration of the seawater 
interface towards the continent.  
- The middle aquifer: It represents the deep coastal aquifer of 
the Djeffara. It includes several aquifer formations which are 
connected through the existing faults. This layer regroups the 
aquifer formation of Mio-Pliocene sands of northern Gabes, 
Senonian limestone of southern Gabes, Miocene sands of 
Medenine, Jerba and Zarzis.  This aquifer is mainly recharged 
by discharge of CI groundwater through El Hamma faults, 
and by the lateral leakage of Triassic groundwater through 
the fault of Medenine. The recharge by meteoric water 
infiltration is limited and is located primarily on the aquifer 
formation outcrops (Trabelsi et al., 2009). 
 

 
Fig. 1. Location map of the study region and extension limit 
of the aquifer layer. 
- The  lower  aquifer: It is contained in the permeable Sandy 
formations of  Triassic.  The extension of this aquifer is 
limited to the  plain of Medenine and Tataouine. This aquifer 
presents generally, two compartments with different 

hydrodynamic characteristics separated by the system fault of 
Medenine. The first one is located on the West where the 
aquifer is unconfined and recharged by rainwater infiltration. 
The second compartment is confined and deeper to the east of 
Medenine fault system.  
3. EQUATION 

The General equation of groundwater flow (1) is derived 
from the continuity equation combined with the flow 
equation of Darcy with the assumption that the water is 
incompressible (Banton and  Bangoy, 1997).  

 

       (1) 
 
 

Where:   
K: the hydraulic conductivity.  
h: is the hydraulic head 
SS: is the specific storage for confined aquifers 
t: time 
Due to the fact that the vertical dimension of the aquifer is 
limited with respect to the lateral extension, two dimensional 
plane flows is used rather than three dimensional.  
The general flow equation of the aquifer system of the 
Djeffara can be simplified in (2) with q1 and q2 the vertical 
flow leakage.   
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q1: the downward vertical leakage 
q2: the upward vertical leakage 
KV1: hydraulic conductivity of the upper aquitrad 
KV2: hydraulic conductivity of the lower aquitrad 
Hm : Hydraulic head of the current cell 
H1 : Hydraulic head of the lower cell 
H2 : Hydraulic head of the upper cell 
d1 : Thickness of the lower aquifer 
d2 : Thickness of the upper aquifer 
Q: aquifer output 
R: aquifer recharge 
The equation (2) has a boundary value problem and requires 
approximate solutions. In order to approximate solutions to 
such differential equations, the finite difference method is 
used in this paper.  
This method proceeds by replacing the derivatives in the 
differential equations by finite difference approximations 
(LeVeque, 2004). These approximations are algebraic in 
form, and the solutions are related to grid points. 
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5. METHOD: 

The computer program, used in this study, is the groundwater 
vistas (GV) which couples a powerful model design system 
with comprehensive graphical analysis tools for Microsoft 
windows. GV is a graphical design system for modular finite 
difference ground-water flow model, commonly known as 
MODFLOW, and other similar MODPATH (a three-
dimensional particle tracking model) and MT3D (a three 
dimensional contaminant transport model). In the version of 
the MODFLOW code, the dependent variable (head) is 
computed at the center of cells in the block –centered 
technique and it is solved using the strongly implicit 
procedure solution technique (SIP) (MacDonald and 
Harbaugh, 1988). 

4. BOUNDARY CONDITIONS AND DISCRETIZATION: 

The Djeffara aquifer system model uses a three-dimensional 
finite-difference grid composed by three aquifer separated by 
two aquitards. Layer thickness was calculated by the program 
using bottom and layer elevation introduced to the model.  
The first aquifer layer extending over an area of 15607Km2, 
was discretized into 9372 finite difference cells of length 
1424.96 m and 1168.655 in the easting and northing 
directions. 
The second aquifer layer covering an area of 14556 km2

,
 is 

made of 8741 rectangular cells whose dimensions are 
1424.96 and of 1168.655m in the easting and northing 
directions. The third aquifer layer is discretized using the 
same cells dimension.  
Boundary conditions for finite-difference model were 
specified based on hydrogeological parameters. The types of 
boundary used for each segment in every aquifer layer are 
presented in Fig.2, 3 and 4. 
The boundary conditions applied to the first aquifer layer are 
of four types (fig. 2):  
- Constant head equal to zero m is used to represent the 
boundary with the Mediterranean which constitutes the 
natural discharge of the aquifer system. This condition is 
placed along the coastal area. 
- The conditions of recharge through direct infiltration of 
rainwater are applied to the whole of the active cells. The 
introduced recharge rates were deduced using isotopic 
calculations based on the carbon-14 activities (Trabelsi, 
2009).  
- The condition of General Head Boundary (GHB) is used to 
represent the contribution of the deep aquifer of the 
Continental Intercalaire (CI) to the recharge of the upper 
aquifer layer of Djeffara in the area of El Hamma. The 
imposed potential is that of the CI aquifer (Trabelsi et al., 
2009).  
- Evaporation zone are used to represent the sebkhas located 
along the littoral and on the border areas.  These surfaces of 
evaporation constitute a secondary natural discharge system 
of the aquifer surface of Djeffara.  

  

 
Fig. 2. Boundary conditions of the upper aquifer layer 
The boundary conditions used on the modelling of the deep 
coastal aquifer of Djeffara are (Fig.3):  
- Constant head equal to zero is applied characterize the 
natural discharge of the aquifer system to the sea. The 
localization of this limit in the offshore of gulf of Gabes is 
arbitrary considering the absence of hydrogeologic data 
concerning the piezometry and the geometry of the aquifer in 
the discharge area to the sea.  
- The condition of General Head Boundary is used to 
characterize the contributions of CI aquifer to the recharge of 
the deep aquifer through El Hamma faults, and the Triassic 
aquifer through Medenine fault system. 
- Recharge condition by direct infiltration of rainwater is 
applied on the outcrops of the aquifer formations. The 
recharge rates were estimated using carbon-14 activities. 
- The conditions of drains are used to represent the discharge 
of principal springs of Wadi el Akarit and Gabes wadi.  
Concerning the Triassic aquifer, the applied boundary 
conditions are (Fig.4):   
- Recharge by rainwater infiltration in the area of the Sahel el 
Abasbsa and the outcrops of Triassic sands in Eastern 
Piedmont of Daher mountains.  
- Condition of constant head (equal to zero), the location of 
this limit in the Mediterranean Sea remains arbitrary.  
- The condition of General Head Boundary to characterize the 
contribution of Saharan basin to the recharge of the Triassic 
aquifer.   
- Drain condition to represent the leakage through the 
Medenine fault towards the middle aquifer. 



 
 

     

 

 

 
Fig.3. Boundary conditions of the middle aquifer layer 

 

 
Fig. 4. Boundary conditions of the lower aquifer layer 

The hydraulic conductivity values initially introduced into 
model were deduced from the transmissivities values 
calculated using pumping tests and those available in several 
hydrogeologic studies (ERESS, 1972; Gaubi, 1995, 
Yahyaoui, 1996; Abidi, 2004; OSS, 2005). These values 
concern especially the middle aquifer and the western part of 
the Triassic aquifer.   
5. MODEL CALIBRATION  

5.1 Steady-state calibration 
The steady state calibration was done using 1950 hydraulic 
head map as initial state of Djeffara aquifer system. 
The criteria, on which the steady state calibration is based, 
are primarily the spatial distribution of hydraulic conductivity 
and the leakage coefficients between different aquifer layers.  
The steady state calibration allows determining the role of the 
vertical upward leakage from the deep coastal aquifer to the 
recharge of the upper aquifer, and the contribution of the CI 
aquifer to the refill of the Djeffara aquifer system in Gabes 
region.  
The steady state calibration allows restoring the initial 
hydraulic head of each aquifer layer. 
The comparison between the observed and the simulated 
hydraulic head by the model constitutes a good tool to judge 
the capacity of the model to reproduce the initial state (1950).  
The comparison between the observed piezometric values 
which are collected within the framework of previous 
hydrogeological study (OSS, 2005) and those calculated by 
the model, shows a good positive correlation in the three 
aquifers (Figs 5, 6 and 7).  
The comparison between the observed and the simulated 
hydraulic head shows:  
- A good restitution of the hydraulic head is observed in the 
upper aquifer excepting the south-western part of the Djeffara 
plain where the insufficiency of data does not allow judging 
the quality of the calibration. The computed residual 
[simulated value –observed value] vary between -0.64 and 
0.76m. The highest variations are observed in the area of 
Southern Gabes. 
- For the middle aquifer, the model reproduces well the 
hydraulic head in the major part of the plain except in the 
coastal fringe where the computed values lie between 10 and 
20m and those observed between 20 and 30m. The computed 
residual vary between -0.82 and 1.02. The highest values are 
calculated in the coastal area in particular in the area of Jerba.  
- Concerning the lower aquifer, the reconstitution of the 
hydraulic head level is generally good especially in the 
western part of the aquifer. However, the insufficiency of 
accurately data in the confined and not exploited part of the 
aquifer does not allow judging the quality of the calibration 
process. The computed residual vary between -1.45 and 
0.83m. The most significant variations in absolute value are 
observed in the confined part of the aquifer i.e. in the east of 
the Medenine fault. 
During the calibration process, the values of vertical 
hydraulic conductivities and the thickness of the aquitards 
constitute the principal parameter to adjust the leakage 
coefficient between the three aquifers layers. The upward 



 
 

     

 

vertical leakage calculated by the model is presented in the 
table1: 

Table 1: The upward vertical leakage calculated by the 
model. 

 Leakage (m3/s) 
From Middle to the upper aquifer  
 

1,2 

From Lower to the upper aquifer 
 

0,8 

From Lower to the Middle aquifer 
 

1.35 

 
Fig.5: Diagram of correlation between the observed and the 
computed hydraulic head values of the upper aquifer after 
steady state calibration. 

  
Fig.6: Diagram of correlation between the observed and the 
computed hydraulic head values of the middle aquifer after 
steady state calibration. 

 
Fig.7: Diagram of correlation between the observed and the 
computed hydraulic head values of the lower aquifer after 
steady state calibration. 

The aquifer system mass balance depends on the assessment 
of various terms (evaporation, recharge, vertical leakage, and 
discharge to the sea) 
The assessment of these different terms is presented in the 
following table: 
Table 2: Mass balance of the Djeffara aquifer system in 1950 
calculated by the model (m 3 / S) 

  Upper aquifer Middle aquifer Lower aquifer 

Infiltration 1,71 Infiltration 0,4 Infiltration 0,516

CI 
contribution 

1,36 CI 
contribution 

3,04 Saharian 
basin 
contribution

2,27

Upward 
leakage 
Middle 

1,2 Upward 
leakage 
lower 

1,35   

        
Upward 
leakage 
lower 

0,8        

IN
PU

T
S 

Total  5,07 Total  4,79 Total 2,786

Discharge 
Sea 

3,89 Discharge 
Sea 

2,307 Discharge 
Sea 

0,63

Sebkhas 1,16 Upward 
leakage 
upper 

1,2 Upward 
leakage 
upper 

0,8

    Springs 1,21 Upward 
leakage 
Middle 

1,35

           

O
U

T
PU

T
S 

Total  5,05 Total  4,717 Total 
Sorties 

2,78

 
5.2 Transient calibration 
- Boundary conditions and initial state: The reference period 
chosen for the transient state calibration extends from 1950 to 
2006, using the hydraulic head which is simulated by the 
model in 1950 as initial state of the transient mode. The 
boundary conditions applied to the three aquifer layers are the 
same than those used in steady state except some 
transformations on the values of general head boundary, in 
the upper and the middle aquifer, which characterizes the 
contribution of the aquifer of CI through the threshold of El 
Hamma. Indeed this contribution decreased according to the 
decrease of the hydraulic head of CI aquifer. 
- Storage coefficient: The storage coefficients values initially 
introduced into the model were deduced from pumping test 
and from the previous hydrogeologic studies (ERESS, 1972; 
Gaubi, 1995, Yahyaoui, 1996; Abidi, 2004; OSS, 2005). In 
unconfined parts of the Djeffara aquifer system, the 
variations of the storage coefficients could significantly 
influence the calculated hydraulic head. 
- Evolution of the exploitation: The spatial and temporal 
evolution of the aquifer exploitation represent the term "well" 
in the basic equation of the mathematical model (R). This 
term constitutes one of the parameters which are not the 
subject of calibration. It must be validated and introduced 
without discontinuity and with precision into the model. 
Thus, the exploitation histories were introduced into model 



 
 

     

 

by cell by cell in the three aquifers layer over the period 
extending from 1950 to 2006. The introduced exploitation 
volumes are based on the previous hydrogeologic studies and 
the inventory of exploitation carried out by the general 
direction of the Water Resources every five years. The 
exploitation data of 2006 are estimated as the same than those 
of the year 2005.  
 Results of the calibration in transient state:  
- Reconstitution of the hydraulic head levels:  
The hydraulic head maps simulated by the model for the 
three aquifer layer of 2006 are represented in Fig.8. 

 (a) 

 (b) 

 

 (c) 

Fig.8 : Hydraulic head maps simulated by the model in 2006 
after transient state calibration ; (a) upper aquifer, (b) lower 
aquifer, (c) Middle aquifer. 
The comparison between the simulated (fig.8) and the 
observed (Fig.9) hydraulic head maps in 2006 shows a good 
restitution of the piezometic levels in the three aquifer layers. 
However, the detailed examination of the shape of the 
piezometic curves highlights some differences which seem to 
be related to the inaccuracy of the operating data introduced 
into model.   
For the upper aquifer, the computed values and the shape of 
the hydraulic head curves are acceptable in the area where the 
hydraulic heads data are available and reliable. However, in 
the southern part of the plain, the absence of measured data 
does not allow judging the quality of the calibration. 

 (a) (b) 

 (c) 

Fig.9 : Hydraulic head maps observed in 2006; (a) upper 
aquifer, (b) lower aquifer, (c) Middle aquifer. 
Concerning the middle aquifer, the calibration of the model is 
generally good except in the coastal area where the computed 
residual reaches 4 m in absolute value. 
With regard to the lower aquifer, an acceptable representation 
of the hydraulic head curves is observed in the unconfined 
part of the aquifer. However, in the confined part of the 
aquifer, it is difficult to judge the quality of the calibration 
considering the insufficiency of hydraulic head data.    
- Restitution of the temporal evolution of the drawdown on 
aquifer system:  
A satisfactory restitution by the model of the temporal 
evolution of the drawdown during the period 1950-2006, is 
observed in the three aquifer layers. The Fig.10 represents the 
evolution of the computed and the observed drawdown wich 
is measured in some points of different aquifer layers in the 
Djeffara basin. 
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Fig.10: Observed and simulated drawdown of the upper (a, b, 
c and d), the middle (e, f, g and h) and the lower aquifers (i 
and j) during 1950-2006. 
- Model Mass balance 
The various terms which intervene in the water budget of the 
Djeffara aquifer system as computed by the model in the end 
of transient state, are presented in the Fig.11, Fig.12 and 
Fig.13. 

  
Fig.11: Water Budget of the Djeffara upper aquifer as 

computed by the model in 2006 

  
Fig.12: Water Budget of the Djeffara middle aquifer as 

computed by the model in 2006 
 

 
Fig.13: Water Budget of the Djeffara lower aquifer as 

computed by the model in 2006 
 
 



 
 

     

 

This aquifer mass balance shows that: 
- The recharge by rainwater infiltration which depends on the 
climatic characteristics has remained constant.  
- The contribution of  CI aquifer to the recharge of the upper 
and middle aquifer has decreased between 1950 and 2006. 
This is due to the fact that the drawdown of CI aquifer is 
more significant than that of Djeffara aquifer system;  
- The vertical leakages between the different aquifers is 
maintained constant and equivalent to those of the steady 
state.  

- The mass balance of the upper aquifer highlight a very weak 
contribution of sea water in the coastal area proving the begin 
of the marine intrusion phenomenon.   

6. THE DEVELOPMENT AND THE EXPLORATION OF 
SCENARIOS 

After model construction, it is possible to simulate the 
behaviour of the aquifer system of Djeffara versus continuous 
and intense exploitation during a long duration, of 1950 to 
2006. Estimated simulations aim to predict the impacts of the 
current and future exploitation of the aquifer system of 
Djeffara. Thus two scenarios were proposed based on various 
assumptions of exploitation. 

- Scenario 1:  

In this Scenario, the exploitation of 2006 was maintained 
constant up to 2050. The results of this simulation can be 
used to study the behaviour of Djeffara aquifer system versus 
continuous exploitation.   

The obtained drawdown maps (Fig.14) show a clear decrease 
of the hydraulic head in the three aquifers which proves the 
impact of the current exploitation even if it remains constant 
in the future.   

The hydraulic drawdown simulated by the model (compared 
to the state of 2006) for the upper aquifer, vary from 0m to 
8m, the most significant values are recorded in Southern 
Gabes, Jorf and Zarzis (Fig.14a). This evolution of hydraulic 
head translates an overexploitation state and shows the 
beginning of sea water intrusion to the aquifer. 

Concerning the middle aquifer, the simulated drawdown 
values are more significant especially in the central part of 
the plain, where they could reach 12 m due to the excessive 
pumping.  

In the lower aquifer, the simulated drawdown is generally 
lower than that of the other two aquifers. The most elevated 
values are calculated in the unconfined part of the aquifer.  

The water budget calculated for the aquifer system shows that 
the recharge by infiltration remains constant. However the 
recharge by vertical leakage of CI groundwater increases in 
comparison with the computed value in 2006. This can be 
explained by the fact that the drawdown of Djeffara aquifer is 
more important than that of CI aquifer system.  
Moreover, the sea water intrusion rate into the upper aquifer 
becomes more important and reaches 0.12 m3/s.   
In the middle aquifer, the decrease of the hydraulic head is 
accompanied by a reduction of the upward leakage towards 
the upper aquifer. However, the contribution of the lower 

aquifer to the recharge of the upper aquifer remains constant . 
This contribution increases slightly for the middle aquifer 
proving that the drawdown of this later is more significant. 

 

 (a) 

(b) 

 (c) 
Fig.14: Simulated hydraulic drawdown maps obtained at the 
end of Scenario 1 (a) upper aquifer, (b) lower aquifer, (c) 
middle aquifer. 

Scenario 2:  
In this Scenario the current exploitation increases by a 

factor of 2 in the same area until the year 2050.    
The results of this Scenario show a significant decrease 

of the hydraulic head. The important drawdown computed on 
the coastal areas of the upper aquifer, induces the inversion of 
the hydraulic gradient and sea water intrusion (Fig.15) which 
causes a significant degradation of the groundwater quality in 
the affected areas. This phenomenon is observed particularly 
in the upper aquifer in El Jorf and Zarzis region. 

Concerning the middle aquifer, the contributions of CI 
groundwater increases comparing to the previous scenario. 
This raise can be explained by a more significant drawdown 
of the Djeffara aquifer system than that of CI.  

Concerning the lower aquifer, the exploitation increase 
in the unconfined part of the aquifer in the area of the Sahel 
el Ababsa causes a significant drawdown which could reach 
20m. This phenomenon is accompanied by reduction of the 
contribution of this aquifer through the Medenine fault 
towards the upper and the middle aquifer layers.  



 
 

     

 

 
(a) 

 (b) 

 (c) 
Fig.14: Simulated hydraulic drawdown maps obtained at the 
end of Scenario 1 (a) upper aquifer, (b) lower aquifer, (c) 
middle aquifer. 

7. CONCLUSION: 

The hydrodynamic model of the Djeffara aquifer system 
established within the framework of this study allowed a 
good restitution of the initial piezometric situation of the 
Djeffara aquifer system in spite of the existence of many gaps 
concerning the geometry of the aquifer and the vertical limits 
between different aquifers.  

The calibration of the model in steady state was 
evaluated by comparing the computed values of the hydraulic 
head by the model and the observed values in 1950. The 
calculated residual after steady state calibration are generally 
lows except in the areas where there is no hydraulic head data 
and the judgement of the calibration becomes difficult.   

In transient state, the calibration of the model allowed a 
satisfactory restitution of the evolution of the hydraulic 
drawdown measured in some points of the aquifer system.  

The simulated groundwater flow model allows the 
assessment of water budget of the three aquifers and to 
quantify groundwater flow exchange between the various 
layers in transient state.  
Elaborated simulated scenarios aim to predict the impacts of 
the current and future exploitation of the aquifer system of 
Djeffara until 2050. They highlighted the vulnerability of the 
aquifer surface in the coastal zones threaten by the 
phenomenon of marine intrusion.  

In order to preserve and to ensure a sustainable 
management of the groundwater resources in south-eastern 
Tunisia, it is appropriate to limit in the short time 
groundwater pumping in the coastal areas, to delineate 
suitable plan for future groundwater management and to 

examine the possibilities of artificial recharge in the most 
vulnerable area to the marine intrusion.  

However the reliability of the model could be improved 
by the introduction of more precise distribution of 
exploitation rate and their temporal evolution.  
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