
ABSTRACT
The Gaza Coastal Aquifer is the only natural source

of  water supply in the Gaza Strip. Water is presently
accessed through pumping of more than 3000 wells,
with a total estimated annual production in 1999 of
about 140 million cubic meters. Current rates of aquifer
abstraction are unsustainable, and deterioration of
groundwater quality is documented in many parts of
the Gaza Strip. Typical trends in chloride time series,
hydro-chemical classification method (Styfzand) and
groundwater flow lines were used to identify the salin-
ization sources in the shallow part of the Gaza Strip
aquifer. SUTRA-ANE computer code was used for simu-
lating the seawater intrusion along a cross-section in
the northern part of the Gaza strip. The extent of salt-
water intrusion was simulated to be 1600 m in the
upper sub-aquifer and 2200 m in the lower sub-aquifer
by the year 1996. This paper concludes that: the deteri-
oration of groundwater quality in the Gaza aquifer is
mainly the result of the seawater intrusion into the
aquifer and the local upconing. This is due to the low-
ering of fresh water level in the relation to excessive
groundwater abstraction.

Key Words: Seawater Intrusion; upconing; hydro-
chemistry; groundwater flow; transport; modelling.

INTRODUCTION
Gaza has been the well-watered gateway to the

fertile lands of Canaan (where rainfall exceeds 400
mm/yr) from the desert of Sinai (where rainfall is less
than 200 mm/yr). Today, the Gaza Strip (figure 1) is a
land under great pressure. It is extremely densely popu-
lated, with its population of more than one million over
10 times higher than in 1948, and a population densi-
ty of about 2500 persons per square kilometre. The
environment in Gaza has been under great strain for
sometime and now in crisis one from which its people
suffer severely today and its landscape may never fully
recover.

Figure 1. Location map.
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The Gaza Coastal Aquifer is historically the only
natural source of  water supply in the Gaza Strip. Water
is presently accessed through pumping of more than
3000 wells, with a total estimated annual production in
1999 of about 140 million cubic meters (Mcm).Total
production presently exceeds natural recharge, and
there is a net deficit in the aquifer water balance.
Current rates of aquifer abstraction are unsustainable,
and deterioration of groundwater quality is document-
ed in many parts of the Gaza Strip.The strip is underlain
by a shallow sandy aquifer that extends north into Israel
as the coastal aquifer, up to Haifa, and south into Sinai
coast. The Gaza aquifer is composed of Quaternary
deposits that include layer of loess, dune sand, calcare-
ous sandstone, silt, and clay. It forms a seaward sloping
plain, which ranges in thickness from about 40-50 m
near the eastern border with Israel to 150-200 m at the
shore. Clay layers, which begin at the coast and feather
out approximately 4 km from the sea, separate the
main aquifer into various sub-aquifers near the shore.
The base of the aquifer is the low-permeability Saqiya
Formation (Tertiary age), and approximately 1 km thick
wedge of marine clay, shale, and marl (figure 2).

Replenishment of the aquifer is mainly from infil-
tration of rainwater. Average recharge from rainfall is
estimated at between 40 and 50 Mcm/yr. Present irri-
gation return flow amount 30 Mcm/yr. Through flow
from the coastal aquifer in Israel is believed to be less
than 10 Mcm/yr, and is influenced by extraction from
production wells in Israel across the Gaza border. Thus,
groundwater extraction is currently estimated to exceed
recharge by about 50-70 Mcm/yr.

Groundwater quality in the Gaza aquifer is gener-
ally poor. Over-exploitation has resulted in saltwater

intrusion and upconing. In most areas of Gaza, a slow,
continuing decline in groundwater levels has been
observed since the mid-1970s. Saltwater intrusion
varies with depth, and different sub-aquifers exhibit
varying degrees of seawater penetration. In the deepest
sub-aquifers, high levels of chloride may be related to
different sources of salinity (e.g. seawater of possibly
poor quality fossil water). Saltwater intrusion presently
poses the greatest threat to municipal supply, and con-
tinued urban and industrial growth is expected to
impact water quality. The identification of salinization
sources in the Gaza Strip aquifer is presented in this
paper.

Saltwater Intrusion Identification in the Gaza
Strip

Four processes can contribute to the salinization of
fresh groundwater resources of the Gaza Strip: intrusion
of seawater, mixing with deeper saline groundwater,
mixing with brackish wastewater or irrigation return
flow, and percolation of salts dissolved in infiltrating
rainwater.

TYPICAL TRENDS IN CHLORIDE TIME SERIES
METHOD

In coastal aquifers, where continuous over-
exploitation causes a reduction of the peizometric lev-
els, intrusion of seawater results in a salinity break-
through. Thus a time-series of chloride concentrations
can record the early evolution of relatively rapid salin-
ization (Bear, 1999). More than 600 agricultural pro-
duction wells distributed all over the Gaza Strip are
used as water quality monitoring wells from which the
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Figure 2. Typical hydrogeological section of the Gaza strip aquifer.



water samples are collected and analysed twice a year
(May and Oct.). Time series for chloride concentration
and EC for most of these wells were available. Three
types of curves appear to be dominant in the Gaza
Strip.

Type 1: Steady groundwater salinity 

This type represents a more or less constant salini-
ty which is found mainly in the sandy dune areas in the
north and the south of the Gaza Strip also it is found in
the silt-clayey southern-east areas. This stable situation,
reflects either good recharge conditions and flushing of
the aquifer with fresh infiltrating rainwater in sandy
areas with low salinity or conditions with virtually no
abstraction in relatively saline water in the silt-clayey
areas. Here the mixing ratio of fresh and saline water is
constant. Figure 3 for well number C/70 in the southern

area in the sandy dunes  represents this type of chloride
trend.

Type 2: Continuous increase in groundwater
salinity 

Type 2 is characterised by a steadily increasing
salinity which dominates in the central part and the
south of the Gaza strip. This type is presented in figure
4 for well number L/86 which is located in the Khan-
Yunis area. The gradual build up of salinity could result
as well from a gradual change in the mixing ratio
between saline and fresh groundwater ‘upconing’ as
from a gradual build up of pollution through recharge
of wastewater or irrigation return flow, whilst hardly
any flushing of the system takes place. Seawater intru-
sion is a less likely explanation for this type of time
series as the latter is usually associated with a sudden
rise in salinity.
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Figure 3. Time series of well C/70 in the south of Gaza Strip (sandy dunes).

Figure 4. Time series of well L/86 in the south of the Gaza Strip.



Type 3: Fluctuating groundwater salinity

Figure 5 for well number E/35 shows a sudden
breakthrough of salinity which is found along the coast
in the northern area, the central area near Deir El-Balah
and along the coast at Gaza City. This could be due to
either a lateral encroachment of saline water (seawater
intrusion) or a vertical upconing in summer season due
to the increase of the abstraction rate of the pumping
wells.

Hydro-chemical classification method

Stuyfzand method, which was developed in the
Netherlands, is a useful method for identifying ground-

water flow patterns, analyzing the evolution of ground-
water system, and identifying the hydro-chemical
processes and man-induced pollution. The method clas-
sifies groundwater quality according to table 1. If  the
aquifer has been in contact with a similar type of
groundwater for a long period, then the groundwater
and the aquifer material can be considered in a state of
chemical balance (class 0). On the other hand, if  the
groundwater quality flowing through the aquifer
changes, then cation exchange takes place. In the case
of saltwater intrusion there is a deficit in the cation
exchange (class-), but in the case of freshening there is
an excess in the cation exchange (class +). (Appelo,
1996).
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Figure 5. Time series of well E/35 along the coast in the north of the Gaza Strip.

Table 1. Hydro-chemical classification by Stuyfzand (Appelo, 1996 and IWACO, 1995)
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Table 2. List of wells that show cation/anion exchange deficit in 1999.

Figure 6. Hydro-chemical classification of wells that show exchange deficit in year1999.
The right figure shows the water level (m) and the left one the location of wells



There are chemical samples for about 120 wells for
the year 1999, which can help in identifying the current
status of saltwater intrusion in the Gaza Strip aquifer
for the shallow portion. Table 2 and figure 6 summarize
the results of the hydro-chemical analysis of the sam-
pled wells in 1999, that show cation/ anion exchange
deficit and also low Na/Cl ratio.

Comparisons  with the water level contour maps
and flow direction for years 1994 and 1998 are con-
ducted. It is clear that most of the coastal wells in the
north and the south are located within area of flow
from the sea towards the aquifer, which means again
that seawater intrusion is the dominant factor of salin-
ization of the groundwater within this area.

VERTICAL CROSS SECTION SIMULATION
The seawater intrusion simulated in a vertical cross

section aligned with strip 99 crossing Jabalia area in the
north of the Gaza Strip. The pumpage at the area can
grossly be considered as being situated along several
strips of well batteries. To estimate the extent of solute
migration in depth and time such stress conditions, we
simulated the salt dependent transport problem in ver-
tical cross sections. The SUTRA-ANE computer code was
applied for simulation of flow and transport in a verti-
cal cross section.

Discretization and Boundary Conditions

As mentioned previously, a vertical cross section
along strip 99 was considered. This section, 10000 m
long and 160 m deep near the shore with an arbitrary
thickness of 1 m, was discretized to 1402 rectangular
elements and 1527 nodes. The horizontal spacing was
constant at 100 m, and the vertical spacing was also
constant at 10 m.

A no-flow boundary condition is specified along
the bottom of the mesh, where Saqiya clay is consid-

ered to be impervious. Along the left boundaries a
hydrostatic pressure is defined by:

P = Ds.g.d

Here, p is the hydrostatic pressure (M/L.s2), g is
acceleration due to gravity (L/s2), Ds is the seawater
density (M/L3), and d is the depth (L) below sea level.
Therefore, the pressure at the top of this boundary is
zero and increases linearly with depth.

The boundary conditions for the transport
simulation are dependent on the flow boundary
conditions. The inflow of seawater has a seawater
chloride concentration of 20500 mg/kg. Any flow out
of the mesh at the specified boundaries occurs at the
ambient concentration of the aquifer fluid. Solute may
neither disperse nor advect across the no-flow
boundary. Chloride concentrations in mg/l were
converted to total dissolved solids (salinity) in kg/kg by
multiplying by a factor 1.756•10-6.depth. The mesh
and the boundary conditions are shown in figure 7.

Set-up of the Steady-State Flow Model
According to the available data of groundwater

abstraction in the Gaza strip, the beginning of depletion
of the aquifer started after the year 1935. The steady-
state model was set up for that year as a necessary ini-
tial condition for the transient simulation. The steady-
state simulation for year 1935 was used also for cali-
brating the flow parameters (figure 8).

Set-up of the Transient Model
The simulation period was 61 years, starting in

1935 and ending in 1996. The period from 1935 to
1974 was used to calibrate the model for the transport
parameters. This period was discretised into three
abstraction periods. The period from 1974 to 1996 was
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Figure 7. The mesh and the boundary conditions used by SUTRA.



used for model verification. The time step for the
transient model was 15 days. The initial conditions of
the transient model for pressure and concentration was
taken from the steady-state output model for year

1935. Table 3 summarises the final input parameters
after calibration for the SUTRA model. The comparison
between calculated and measured chloride values can
be seen in the figure 9.
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Figure 8. The calibrated water level in year 1935.

Figure 9. Comparison between calculated and observed chloride contents (mg/l).

Table 3. Calibrated flow and transport parameters for SUTRA.



Modelling Results and discussion
The position of the transition zone is time depend-

ent. The variations in the interface depend on the geo-
hydrological conditions of the aquifer, in particular the
fresh water head and permeability value. The model was
run for the period from 1935 to 1996. Figure 10 sum-
marises the position of the transition zone for different
years.

It is clear that there are two distinct transition
zones due to the existence of the clay layer (two sub-
aquifers). Also, it can be concluded that most of the
saltwater intrusion along strip 99 happened within the
period 1935 to 1969 with intrusion rate of 17 m/year
This can be justified by the large amount of abstraction
at the eastern border of the Gaza  Strip by the Israeli,

and by the abstraction of Palestinians inside the Gaza
area within this period due to the high increase of the
population after the occupation in 1948 and 1967.
Furthermore, the intrusion rate within the period 1969
to 1996 was about 14 m/year. The changes in the salin-
ity at the eastern border are very small, due to continu-
ous lateral low-salinity flow (200 mg/l). Table 4 show-
ing the predicted value of the distance (m) extent, of
inland salt migration represented by the end line of the
transition zone which is close to the fresh water of the
aquifer.

Summary and conclusions
The Gaza Strip aquifer is a layered system in terms

of salinity. The 3-dimensional understanding of water
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Figure 10.The saltwater/fresh water transition zone movement with time (1935-1996)

Table 4. The predicted value of the distance extent for inland salt migration (m).



quality is incomplete. All the wells tested in the Gaza
Strip are located in the shallow portion of the aquifer,
the deeper sub-aquifer were sampled in some deep
municipal wells; however, many of these wells receive
water from two or more sub-aquifers, so determination
of water quality in the specific sub-aquifers could not be
done. The natural water quality is believed to be brack-
ish in most parts of the Gaza Strip, with chloride con-
centrations greater than 1000 mg/l. Fresh groundwater
(less than 250 mg/l) is only found in the north and in
the south-west in sandy dunes areas, and shallow. Here,
recharge from rainfall is high and fresh water lenses
have developed over the more saline water at depth.
The inferred replacement of fresh water with deeper
brackish water is supported by observations from many
wells in different parts of the Gaza Strip.

The Gaza coastal aquifer is a dynamic
groundwater system, with continuously changing
inflows and outflows. The equilibrium condition that
once may have existed between fresh and saline water
has been disturbed by large scale pumping. Over an
estimated period of 50 years, this has induced flow of
seawater towards the major pumping centers in the
Gaza Strip to the north of Gaza City and near Khan-
Yonis City where Israeli Large settlement area is
located.

The level of chloride ions exceeds the WHO drin-
king water standards of 250 mg/l in most of the sam-
pled wells. Data of year 1935 have shown that the
northern part of Gaza strip has notably lower chloride
levels in its groundwater than southern and middle of
part of Gaza strip. The groundwater level in the north
dropped about 8 meters near the eastern border of the
Gaza Strip within 1935-1969. While groundwater levels
after 1970 in the south have been declined over and
the level in the north has remained nearly constant. A
depletion of fresh groundwater in the southern coastal
aquifer would encourage inflow from other sources. It
appears those sources have higher levels of chloride,
resulting in much of groundwater not meeting WHO
standards. However, the highest chloride concentrations
were found in the eastern and the mid-region wells.
Two factors may be impacting those wells: lateral flow
of groundwater with high chloride contents from the
Eocene age rocks that underlie the coastal aquifer in
the east, and possible up-conning of brines from the
base of the aquifer. There is  notably increase of the
chloride concentration (> 400 mg/l) in the north-east
part of Gaza Strip if it is compared with the baseline
data in 1935 (<200 mg/l). this can be realized due to
the increase of the chloride concentration in the lateral
inflow which comes from the Israeli side. To the east of
Gaza the Israeli are using treated wastewater in irriga-
ting agricultural crops.
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