
ABSTRACT
The Bouteldja dune aquifer played a long time the

role of “water castle” for the region, feeding several
sources, to the multiple marsh origin, small ponds and
aulnaieses that constitute the wetlands of international
importance. However, the continued exploitation of
about thirty wells has brought a degradation of the
water’s quality and has influenced negatively the
hydrodynamic equilibrium of the aquifer. It had also as
a consequence a diminution of the spring flow and
apparition of the salted bevels under forms becoming
day after day more alarming and threatening even in a
short period of exploitation of the sheet.

The results obtained show a continued exhaustion
of the reserve since 1986 with the apparition of zones
of depression. The results put also in evidence the vul-
nerability of the aquifer in coasting sectors where we
can observe flow with an important concentration of
chloride specially towards the mouth of Oued Mafragh.

The model of artificial neural networks shows that
the decrease of flows of sources is not due to the
unfavourable climatic conditions only, but to the inten-
sification taking within the pumping wells.

These results show that the underground water
reserves decrease during the time and thus obliges to
take some urgent measures to stop this phenomenon.

Key words: Underground water overexploitation ;
Hydrodynamic model ; Hydrodispersif model ; Artificial

Neural Networks ; Salt water intrusion ; Wetlands ;
Spring flow.

INTRODUCTION 
The studied region is situated to the East extremity

of the big plain of Annaba, located in the North Orien-
tal part of Algeria. It contains in underground a poten-
tial hydrous of a great importance for the feeding in
water of populations of the adjacent cities and offer a
place of hivernage and nidation for a lot of species of
birds and for the development of a flora of a recognised
wealth on the international level. Today this site under-
goes a progressive anthropic pressure that becomes
worrying. Indeed, the exploitation in continuous of
about thirty pumping wells involved a deterioration of
the water quality and influenced negatively the hydro-
dynamic balance of the aquifer. It had also as a conse-
quences, a very appreciable decrease of water table lev-
els and a reduction of flows of sources that fed the
numerous humid zones within the region. In this survey,
we tried by the utilisation of a hydrodynamic model and
the artificial neural networks (ANNs) to know the pres-
ent state of the resource and to identify the factors
responsible for the reduction in the flows of the three
main sources of the region.

The use of ANNs modelling has been increasing in
various aspects of science and engineering. ANNs have
been used in many hydrologic problem such us fore-
casting reservoir inflow and river flow prediction
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(Coulibaly et al., 2000; Karunanithi et al., 1994), deter-
mining aquifer parameters (Abd Aziz and Wong, 1992).
The ANNs is used in the prediction of water quality
parameters, and forecasting of groundwater inflow in a
fissured chalky media (Lallahem and Mania, 2002).

GEOLOGY AND CLIMATOLOGY 
The region of Bouteldja is limited to the North by

the Mediterranean, to the South by the argilo-sandy
Numidian mountain of mounts of the Cheffia and Kala
, to the West by the Mafragh river and to the East by the
massive Numidian of the Djebel Koursi (figure 1). This
region is constituted of quaternary wind sands contain-
ing an unconfined aquifer of globally triangular shape
of thickness varying from 25 m in the East to 175 ms to
the West. To the south, sands pass laterally to the grav-
els of the alluvium aquifer of Bouteldja. The climate of
the studied area is Mediterranean type. The yearly mid-
dle rain, for the period 1950/1996, is 785 mm (station
of Bouteldja). The yearly middle temperature is 18°C.
The middle refill of the aquifer, calculated according to
the Thornthwaite method (Thornthwaite and Mather
1955), is 270 mm.year-1, nearly 35% of the rainfall.

HYDROGEOLOGY 
In general manner, the values of transmissivity, cal-

culated from data pumping test vary from 3.10-5 to
1.10-2 m2.s-1. The values of effective porosity vary from
9 to 20% (Toubal, 1998). The alluvium aquifer situated
to the South and the Mediterranean Sea to the North

constitute the two main discharge of the aquifer. Final-
ly, the contact of the reservoir with Numidian clays
forms by places an insulated limit. The infiltration from
the precipitation waters is valued to 0.272 m, nearly
1550 l.s-1 passing in transit through a surface dunaire
of 180 km2. The evaporation within zones of outcrop of
the aquifer (Garâet Khroubzi, Gouréate…), designed
under the appellation of Néchaât and Garâet constitute
an element also important of the water balance accord-
ing to their extension (about 15 km2). The measure-
ments of discharge done regularly by services of the
hydraulic show a meaningful reduction of global flows
of sources (Hani et al., 2000) and a decrease of the
water table surface. This situation is not due to the
unfavourable climatic conditions only, but also to the
increase of the discharge from the pumping wells.

METHODOLOGY
Hydrodynamic and hydrodispersif models

The mathematical model that we used is the
numeric model said Aquifer Simulation Model (A.S.M),
established by KINZELBACH and RAUSCH in 1990. It
permits to simulate the behaviour of the underground
flows by the resolution of flow equation using the
finite-difference method. The aquifer is constituted of
720 active square cells of 500 m of side, Which corre-
sponding to 180 km2 of the studied surface.

To put in evidence the vulnerability of the coast
sectors of the aquifer studied to the saltiness, we chose
the chloride that is one of the most characteristic ele-
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Figure 1. Geographical an geological situation of massif of Bouteldja.



ments of the salty waters marinade. In addition, it will
not adsorbed and deteriorated during its transport in
water (Grillot and Razack, 1985).

Artificial neural networks (ANNs)

The data were collected over 16 years from Sep-
tember 1982 to December 1997 with an interval of
time of one month. Available data pertaining to this
area comprising rainfall (RAIN) and evaporation (EVP).
Effective rainfall (EFRAIN) is calculated according to the
Thornthwaite method and tested by ASM model.
Observed springs (Bougles : CFLOW, Bourdim : BFLOW
and Titteri : TFLOW) flow and the exploitation flow
implanted in dune aquifer (PWELLS) were measured by
the hydraulic services.

In this study, the ANNs model is presented with the
same input parameters data time in order to find a rela-
tionship between them to calculate spring flow. With
this assumption, an underlying model structure can be
expressed as (Lallahem and Mania, 2002):

CFLOW = F[EFRAIN(t), EFRAIN(t-1),…,EFRAIN(t-
k+1) ; EVP(t), EVP(t-1),…, EVP(t-k+1) ; RAIN(t),
RAIN(t-1),…, RAIN(t-k+1), BFLOW(t), BFLOW(t-1),…,
BFLOW(t-k+1), TFLOW(t), TFLOW(t-1),…, TFLOW(t-
k+1), PWELLS(t), PWELLS(t-1),…, PWELLS(t-k+1)]+
e(t)

Where t is a time index with a positive integer
value; EFRAIN(t), EVP(t), RAIN(t) represent a vector of
input parameters at time t; F[] a non-linear mapping
function, which will be approximated using ANNs; e(t) a
mapping error ; and k an unknown number of past real-
isations contributing to all input parameters at the next
time-step. Usually, k is referred to as the lag of a net-
work. If k = 1, current CFLOW is related only to the
present input parameters values, representing a lag-1,
i.e.

CFLOW = F[EFRAIN(t), EVP(t), RAIN(t), BFLOW(t),
TFLOW(t), PWELLS(t)]+ e(t)

The artificial neural networks (ANNs) configuration
used here is organised in the form of layers. The first
layer in the input layer consist of neuron that receive an
input from the external environment. The last layer is
the output layer consisting of neuron that receive the
hidden layer output and send it to the user. The layer
between the input and the output layer are so-called
hidden layers consists of neuron that typically receive
the transferred input from the input layer, perform their
transformation on it, and pass the output to the layer
below it, which can be a second hidden layer or the out-
put layer. The neuron in the hidden and output layers
transform their respective inputs to outputs through
two separate stages (figure 2). Firstly, for each neuron,
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Figure 2. A simple three-layer feedforward neural network



each of its inputs is multiplied by its corresponding
weight, i.e. the weight assigned to each input connec-
tion path to that neuron, and the total sum of these
products plus a constant term yields the neuron net
input Ynet, that is

Ynet = 

Where N is the total number of neuron in the pro-
ceeding layer, Yi is the neuron input received from the
ith neuron in the preceding layer, w0 is the neuron
threshold value provides the means of adding a con-
stant value to the sum term

Ynet = 

which can be used to scale this term into a useful
range [Maren 1990] that would generally enhance the
flexibility of network. The inclusion of the term W0 in
this equation is analogous to that of considering an
intercept in the context of linear regression.

Secondly, the neuron input Ynet is transformed to
the neuron output Yout by the application of the appli-
cation of the selected neuron transfer function, which is
usually a non-linear function, that is

Yout = f(Ynet) = f 

Where
f( ) denotes the selected neuron transfer function.

The connection weights wi reflect the relative impor-
tance of each input to the neuron. Moreover, they may

act as normalising of scaling factors in the case where
the external inputs of the network have different meas-
urement units and physical nature. The most commonly
used function, which is that also used in the present
study, is the logistic sigmoid function given by:

Yout = f(Ynet) =               Yout : R → ]0,1[

To verify the credibility of the model we use notions
of the root mean square error (RMSE) (WMO 1975;
Nash and Sutcliffe, 1970). This is given by :

where Q is observed discharge value; Q̂ is calcula-
ted discharge value; N - is length of the time series.

RESULTS AND DISCUSSION 
Calibration of the hydrodynamical model 

The figure 3 illustrates a good similarity between
the measured contours and the calculated by the model
in steady state. The phase of the calibration permitted
to establish the balance of inflow and outflow of the
aquifer system. Taking from the aquifer were null until
October 1981. The interannuel calibration of 14 years
(from 1981 to 1994) has been undertaken in the aim to
reconstitute the potential observed year per year until
1994. The Calibration in unsteady flow permitted to put
in evidence a destocking of the Aquifer due essentially
to a overexploitation and a weak recharge (figure 4).
This hydrous deficit was translated by a fall of the water
table surface (figure 5) that can reach until 30 meters
and by an appreciable emergence fall (figure 6).
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Figure 3. Grid’s distribution of massif of Bouteldja’s sheep and recreate the head in steady- state.



Effects on wetlands 
This situation had for direct consequence a modifi-

cation of the surface and humid zone regime hydrology
and a deterioration of the quality of the river’s water,
aulnaieses and lakes. We give here briefly the main
results obtained by Samraoui and Belair (1998) on dif-
ferent zones of the massif dunaire (figure 5):

– Garâet Khroubzi: of a 740 hectares of surface,
this ancient marsh is only a some hectare prairie,
partially filled in water during the rainy years.

– Dark lake: pumping, then the fire of October

1990, renewed one year later, reduced the flora
of about 80 species (with more of 30% rare) to a
dozen of species only.

– Garâet Okéra: of a 32 hectare of surface, it
passed today to 5 ha. The Willows disappeared
there, they still existed in 1990 and several rare
species with very rare still preserve their dias-
pores and express themselves during the rainy
years.

– Gouréate: this saulaie spread on 37 hectares
made the object of numerous fires by the local in
order to put it in culture.
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Figure 4. Influence of the growth of flow pumping on aquifer reserves.

Figure.5. Drawdown map of the massif of bouteldja’s sheep (October 1981-October 1994).



– The aulnaie of Righia: of a surface closely of 400
hectares, this ecosystem is attacked in various
manners; fragmentation by setting in culture,
pumping, dissemination of hydrocarbons and
other pollutants, being likely to exceed the capac-
ities of auto-purification of such surrounding.

Vulnerability of the dune aquifer to the saline
pollution 

A result of the chloride analysis in 38 points of the
massive dunaire permitted to localise sectors the most
vulnerable regardless to the sea transgression (figure 7)

and has been used as a reference for the calibration of
the model. The hydrodispersif parameters have been
estimated in the first kilometers of the seaside where
the degree of the pollution is greater.

Results obtained by the hydrodispersif model for
the year 1994, permit a better reconstitution of con-
tours of chloride (figure 8) and put in evidence a con-
tamination of the aquifer by the very salty waters in the
sector of the mouth of the Mafragh river.

Results of hydrochemical balance permit to note
that in-flows from seawater to the aquifer are about
0,07 m3.s-1 for all active cells. The concentration of flux-
es varies from 0 to 350 g/sec/cell.
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Figure 6. Flow’s variation of Bourdim and Titteri springs.

Figure 7. Distribution of chloride mesured (October 1981).

Figure 8. Distribution of chloride modeled.



Application of neural networks for the simula-
tion of spring flow.

To determine parameters that influence on aquifer
outflow, we propose to test the neural networks under
three different external input scenarios (figure 9). In the
first scenario, we introduced three inputs parameters;
EFRAIN, RAIN and EVP. The choice of these only three
data is to build a linear model Rainfall-Outflow. In order
to minimise error between observed and simulated flow
in the second scenario, we added BFLOW and TFLOW.
In the third scenario, we introduce a sixth input param-
eter (PWELLS) in the first layer. Three partitions of the
data base were used for the simulation. 50 % of the
data was selected for the training phase, 25% for the
validating one and the remaining 25% was used to test
the network prediction.

The results reveals that the minimum error (RMSE)
is achieved while using six input parameters in the first
hidden layer (Third scenario). The simulation model of
Bougles spring flow, starting from the neural networks,

shows that the decreasing of the flows is related not
only to diminution of rainfalls but also and more espe-
cially to the intensity of flow pumping in wells.

CONCLUSIONS
The Hydrodynamic modelling of the coastal aquifer

of the Bouteldja dune aquifer permitted to put in evi-
dence a continuous destockaging of reserves started
since 1986. This hydrous deficit, accompanied by a fall
of the water table levels, is essentially due to an over-
exploitation of the aquifer. The model of simulation of
source’s flow of Bougles using networks of neurons
shows that the decrease of fluxes is not only due to the
indigence of precipitation but also and especially to the
intensification of taking in pumping wells. The anthrop-
ic actions on the massif dunaire causes some negative
impacts on the humid zones, so that it will come the
day or it won’t remain practically no intact marshy
ecosystem in the region.
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Figure 9. Schematic diagram for the multi-layer feedforward neural networks for the three external input scenarios and compari-
son of observed and modelled inflow hydrographs.



REFERENCES
Abd Aziz A.R. and Wong K.F.V., 1992. A neural network

approach to the determination of aquifer parameters.
Ground Water, 30 (2), 164-166.

Coulibaly, P., Anctil, F., Bobée, B., 2000. Daily reservoir inflow
forecasting using artificial neural networks with stopped
training approch. J. Hydrology 230, 244-257.

Grillot, J.C. et Razack, M., 1985. Evolution spatio-temporelle
d’un aquifère alluvial sous l’effet d’une sécheresse pluri-
annelle exceptionnelle (littoral méditerranéen, Hérault,
France). J. Hydrology, vol. 82, pp. 155-173.

Hani, L. Djabri, J. Mania et J. Mudry, 2000. Etude de l’intrusion
marine par modèle hydrodispersif. Cas de l’aquifère
dunaire de Bouteldja. Actes du colloque International
ESRA’2000, pp. 47-50.

Karunanithi, N., Grenney, W.J., Whitley, D. and Bovee, K., 1994.
Neural networks for river flow prediction. Journal of Com-
puting in civil Engineering, ASCE 8 (2), 201-220.

Kinzelbach,W. and Rausch, R., 1990.Aquifer Simulation Model
« ASM ». Documentation, Version 2.0 (July 1990). Intern.
Ground Water Modelling Centre, The Netherlands.

Lallahem, S. and MANIA, J., 2002. A linear and non-linear rain-

fall-runoff models to evaluate aquifer outflow. Tribune de
l’eau - N° 615/1 - Janvier/février 2002, pp. 11-19.

Maren A.J., 1990. Neural network structures: from follows
functions. In: Maren, A.J., Harston, C.T., Pap, R.M. (Eds),
Handbook of Neural Computing and Applications. Acade-
mic Press, Inc., p. 51.

Nash, J.E. and Sutcliffe, J.V., 1970. River flow forecasting
through conceptual models. Part 1. A discussion of princi-
ples. J. Hydrology, 10, 282-290.

Samraoui, B. et de Belair, G., 1998. Les zones humides de la
Numidie orientale. Bilan des connaissances et perspectives
de gestion. Revue Synthèse, pub. de l’université de Anna-
ba (Algérie), n°4, 90p.

Thornthwaite C.W. and Mather J.R., 1955. The water balance.
Pub. Climatol. Drexel Inst. Technol. 8, 1-104.

Toubal, A.C., 1998. Approche géophysique des problèmes
d’hydrodynamique et d’invasion marine en milieu souter-
rain. Exemple des plaines d’Annaba, de la Mitidja et de la
baie d’Alger. Thèse doctorat d’état, USTHB, Alger, 226p.

World Meteorological Organisation, 1975. Inter-comparison of
conceptual models used in operational hydrological fore-
casting, W.M.O., Technical series. Water Resourc. Res.,
27(9), 2415-2450.

784

IMPACT OF AQUIFER INTENSIVE USE ON GROUNDWATER QUALITY AND ON WETLANDS ON COASTAL AQUIFER


