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ABSTRACT

The northern part ohe coastal area of Gaza Strip, Palestine, considered as one of the
most densely populated areas in the world with population density 5778 cafpita/km
Groundwater is the only source of fresh water in this area while its inhabitants and
water consumption imeased rapidly. This study aims to study the effect of heavy
pumping on water level declination and seawater intrudvaps for water level and

rate of abstraction have bedrawn,while a lithological cross section for the western
side parallel to the seshoreline has been drawkiso, chlorograph$1994-2004)for

the municipal and agriculture wellslong the seashore line have been drawn to
identify the areas of seawater intrusion.

It is found that in (1994/1995) there were no data for rate of ahetrafiom
municipal wells while a small cone of depression with average water level more than
(1 m) below MSL and its area below zero level was about & kas been formedn

the second stag€1999/2000) about 64.5 % of the municipal production wells
exceeded the recommended production rate (18®rjnand reached to about 250
m>/hr. Most of the wells with high rate of production (> 208hr) were at the western
part of Jabalia Town/Gaza Cityhis heavy pumping accelerated the formation of a
big coneof depression with average water level more than (2 m) below M@Lits

area below zero level was about (35%n8o0, the hydraulic gradients have been
significantly reversed (from the seao, he chlorographs in this area showed a
sudden change and #twation in chloride concentration with a valeachedabove
2000 mg/L. In the third stagé2003/2004,)the percentage of wells that exceeded the
recommended production rate (106/m) decreased to 47%, while the number of
abstraction wells and their datron of production has increased to cover the population
demand. Some of the wells with high rate of production (> 150 to < 260)mwere

still next tochlorographs with sudden change and fluctuation in chloride concentration
at western part of Jabalibown/Gaza City. So, water level still declines rapidly and
reached to more than 4m below M&hd its area below zero level was about (44)km
This situationhas induced saline water from the sea to move into the aquHer.
average chloride concentratiowas above2500 mg/L and reached 3346 mg/L at the
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western part oflabalia Towrfar from the seashore by about 1.5 Km. At the western
part ofGaza city(next to seashore) was above 1000 mg/L and reached to 1459 mg/L at
well R/162D far from the seashore Qyoait 2km.

So, it can be conclude that this immensely important resource has been salinized
rapidly in areas of heavy pumpiy seawater intrusiorConsequently, a spatial and
vertical redistribution of the municipal wells and reduction the abstracteoduat of

water especially for the wells of high chloride concentration and those near to
chlorographs ohigh chloride concentration is a niumw for stopping this crisis.

INTRODUCTION

Groundwater is the most important component of the freshwaterrcesout is the
only source fo many communities owing to itselatively low susceptibility to
pollution and its relatively large storag®. many coastal regions, severe groundwater
deterioration aguantity and qualityhas been occurred mainly duehevy pumping

The study area (Figl) is the northern part of Gaza Strip. Its boundaries are
Mediterranean Sea from the west, the Palestinian occupied areas to the east and north
and Wadi Gaza to the south. It covers an area of about 135ltkoonsists oftwo
Governorates (North and Gaza Governorates). At year 2004 more than 780,000
inhabitants are crowded into this area (5778 capit’).k®o, it is considered as one of

the most densely populated areas all over the world. It has a characteristically semi
arid Mediterranean Sea climate, limited rainfall and negligible surface water resources
while the groundwater is the only reliable resource for all uses.

This tremendous increase in population accompanied with increasing in their demands.
The density ofwells is high with high abstraction rates and long pumping duration
with low efficiency network system. This is beside highly intensive irrigated areas.
These conditions leads to 1) Groundwater level declination and formation of large
drawdown cone. 2) Seater intrusion. The objectives of this study:4eg to obtain a
comprehensive picture about the spatial distribution of rate of abstraction (of
municipal wells) water level based on the hydrological year déigto define the role

of rate of abstraan on water level declination and seawater intrusion and its relation
with the lithological distribution(c) to provide considerable information that can be
used in groundwater quality management and salinization control measures.
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Fig. 1: Location map of the study area

HYDROLOGY BACKGROUND

Israel has retained and changed the course of the two Wadis and they became dry
(fresh surface water resources are negligible). The aquifer runs parallel to thesSea.
basically phreatic, of sand, sandstoaad silt interbedded with clays that divide it
vertically into severalsubaquifers. Rainfall is the major recharge component. The
existing groundwater abstraction wells in the northern part are about 1556 agriculture
wells (year 2000 well survey) and 57 micipal wells (year 2004 well survey) (PWA,
2005). It is believed that more water is pumped or discharged from the aquifer than
naturally replenishes it (Fig. 3). The pumping rate is much higher due to illegal
connections, illegal wellgnd leakagen distribution system and eastern border Israel
wells (Mogheir, 1997).
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Fig. 2. Hydrgeological cross section of aquifer (PWA, 2000a)
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Fig. 3 Water balance of the study area
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APPROACH, METHODOLOG Y AND TOOLS

In this study a principle of using data fohgdrologial year (October to September)
has been applied for 3 stages 1994/1995, 1999/2000 and 2003/2004 through the study
period (19942004). Rainfall data used in this study are collected from eight rainfall
stations. The production rate data of eacmitipal well in the North Governorate and
Gaza Municipality were collected from LEKA and from the Coastal Municipal Water
Utility (CMWU) for the hydrologicalyears (1999/2000) and (2003/2004) respectively.
Unfortunately, there were no data for their ratésibstractiorconsequentlyyve were
concernechere with the municipal wells onlftor the hydrological years 1994/1995,
1999/2000 and 2003/2004there were 45, 49 and 64 agricultural monitoring wells
respectively throughout the study aréiacan be obsrved from the map@-ig. 4 a,b

and c)that there was not a uniform distribution for water level rimwimig wells in the
study area.
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Figure4 a, b and c Location map of water level wells in the study area in 1994/1995



6 Twelfth International Water Technology Conference, IWTC12 2008 Alexandria, Egypt

In this study, 14 lithalgical wells had ben used to draw a cross sectmase to the
shoreline in the western sigEig. 5) using WinLog and WinFenceoftware Chloride
concentration (1992004) for agriculture and municipal wellsvere chosen for
drawing chlorographs along teeashore
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Fig. 5: Lithological wells used in drawinga cross section

Data analysis had been done using softwares programs involving the use of excel for
drawing graphs, tables and making statistics for data, Surfer (Version 8) for drawing
maps, Wihog 4 and WinFence to graphically create detailed,-dalbr, cross
sections and fence diagrams to interpret and map soil and rock layers.

RESULTS AND DISCUSSION

1. Rainfall Conditions

The major renewable resource of groundwater recharge in theaseamighanged from
year to year and from place to another. Average amount of rainfall in all rain stations
decreased from (1994/1995) till it reached to lowest value in 1998/199%ha® $n

(Fig. 6). Then, it began to increase till it reached to the taghalue in 2002/2003 and
then decreased again in (2003/2004).
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Fig. 6. Average rainfall amount (19942004)

2. Rate of Abstraction Conditions

The rate of production for most of wells in (1999/2000) was higher than the
recommendedly PWA (100 ni/hr) and some wells above the doubled of this vatue
cover the rapid increasing in populati@fig. 7)and (Table 1)No doubt thathe high
density of agriculture wellgspecially in the north, add to illegal ones had played a
sharing role in water level d@tation and groundwater quality deterioration.
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Fig. 7: A graph for rate of production (1999/2000)
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Table 1. Rate of production in study area (1999/2000)

L ocation No. of wells | Production rate > 100 | Production rate < 100
North 27 70% 30%
Gaza Munigality 18 56% 44%
North and Gaza 45 64.50% 35.50%

It can be seen also from the map (Fig. 8) that the production wells mostly concentrated
within a limited part of the study area. Most of the wells with high rate of production
were found in the westeside of the North Governorate and Gaza City and especially
in the North Governorate. The highest rate of production in the North in well (Q68)
was toward the eastern part while highest rate of production in Gaza in well (R162L)

was toward the western pakost of the production wells with rate above (208hm)

were toward the western part of the study area. The total amount of water abstracted

from the study area for the hydrological year (1999/2000) was about (4%) ™
wells distribution and theirates of abstraction had been affected by the usbeenand
their rapid growth idimited areas.
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Fig. 8 A map for rate of production (1999/2000)
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In (2003/2004) the pumping rate was reduced but the number of wells and their
pumping duration increaddo cover the population demand (Figa@y (Table 2).

Production Rate of Northern Governorates 2003/2004
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Fig. 9: A graph for rate of production (2003/2004)

Table 2 Rate of production in study area(2003/2004)

Location No. of wells | Production rate > 10( Production rate < 10(
North 28 50% 50%
Gaza Municipality 21 43% 57%
North and Gaza 49 47.00% 53.00%

Figure (10) shows thamost of the wells with rate above 208/nr were found toward

the western part of the study area and especiallthe North Governorate. The
production wells mostlgoncentrated in a limited part of the study area. The highest
rate of production in the North in wells (Q68) which was toward the eastern part and
(D74) which was toward the western part, while highest rate of production in Gaza in
well (R25D) was toward theastern part. The total production of the wells for this year
was about (44.5 M) (PWA, 2005).

The high rate of production exceeds the recommended production rate from PWA
(100m/hr) of course will affect extremely the produced water quality with tiine.

will accelerate the water salinity problem with time especially in the western areas
which are near to the seashore.
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. 10 A map for rate of production (2003/2004)

3 Groundwater Level and Flow Regime Conditions

Changes in water levels in welteflect changes in recharge to and discharge from an
aquifer.Groundwater level can be influenced by many factors, including precipitation
and abstractiorWaterlevel changes leads to changes in groundwater flow direction.

Themaps inFigure (11 a, b ad c)showsa cone of depression in the northern part of
the study area that has expanded through three stagegan in (19994/1995) with

water level less than 1m below MSL, and its area below zero level was abou)(2 km

In (1999/2000), this coneald expanded and depressed where water beamdess

than 2 m below MSL and its area below zero levetameabout (35 krf) andin
(2003/2004), it became less than 4 m below MSL and its area below zero level became
about (44 krf). This hydrological demssion which formed as a result of the
overexploitation of the aquifer, have diverted the natural flow direction.
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Fig. 11a, b and ¢ Maps of averagegroundwater levels and direction of movement

The dry period from (1994/1995) till it reachedo lowest value in (1998/1999)
accelerated the lowering and expandingtlms cone.After that, in spite of the
increasing trend in rainfall amount from (1999/2000) to (2002/2003) there was a
continuity in increasing obverexploitation of groundwater pscially under paved

urban areagGaza City and JabaliBown). These areas decreased area of recharge

with rainfall and included high density of wells and high rate of abstratiteined to

the continuityin lowering and expanding of this corghe nmunicipal wells have been
operate almost 24 hours a day with an abstraction rate exceeds &HQMating that

these wells are very close to each others which led to a low pressure zone that leads to
seawater intrusion to invade this low pressure zones.



