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Abstract:
There are many studies done on the costal aquifer in the Gaza Strip, but did not any of these
studies to analyze and evaluate the characteristics of hydraulic aquifer in the gaza Strip, which is the
only source of water in the Gaza Strip and this had to be conducting this study, which included
these properties.
This study was conducted from March 2010 to February 2013 where study included several
ways to assess and study and analyze the characteristics of hydraulic was the most important use of
pumping pilot wells which included practical study of 20 wells agricultural was under rehabilitation
at that time and was a researcher supervisor on the process of rehabilitation of these Where the
results were identical to the wells previous collected information field.
As more information was collected from 25 wells spread over an area of the Gaza Strip from
the Palestinian Water Authority and CMWU had been an examination of experimental pumping
test, also included in this study work sectors Geological some wells (9) wells were dug through the
rehabilitation project agricultural wells to see rock formations of the layer-bearing water, which was
composed of granules rough to soft sand to gestures of sandstone and comparing these materials
with previous studies in different places on the study results were approach and identical to the
study, were also collected soil samples for wells that have been drilled and an examination of
gradation in the laboratory and using Hezn formula been extract value (k), which was also identical
to the results of the study, which showed the value of (k) = 18 to 55 and the value of (T) = 150 to
2500 and the value of coefficient storage (S) = 10-4, and then been mapping GIS for these
properties and distribution Results on all areas of the Gaza Strip.
This study also recommended to do more studies in this area and the use of more accurate
methods that found also recommended the establishment of test wells to see the properties of the
tank water carefully to learn the mechanics of maintaining the water tank and the mechanics of
dealing with the only source in the Gaza Strip.
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ملخص الدراسة
هناك العديد من الدراسات التي أجريت على الخزان المائي في قطاع غزة ولكن لم تتطرق أي من هذه
الدراسات إلى تحليل وتقييم خصائص الهيدروليكية من الحوض الساحلي غزة والذي يعتبر المصدر الوحيد للمياه
في قطاع غزة ولهذا كان البد من إجراء هذه الدراسة والتي اشتملت على هذه الخصائص .
أجريت هذه الدراسة من مارس  0202إلى فبراير  0202حيث اشتملت الدراسة على عدة طرق لتقييم ودراسة
وتحليل الخصائص الهيدروليكية كان من أهمها استخدام الضخ التجريبي لآلبار حيث اشتملت الدراسة العملية
على  02بئر زراعي كان قيد التأهيل في تلك الفترة وكان الباحث المشرف الرئيس على عملية تأهيل هذه اآلبار
والتي تم من خاللها جمع المعلومات ونتائج الضخ التجريبي لهذه اآلبار وتحليلها عن طريق برنامج “Aquifer-
 Test v. 4.0 (Pro)”.كما تم جمع معلومات أكثر من  02بئر موزعة على مساحة قطاع غزة من سلطة
المياه الفلسطينية ومصلحة مياه بلديات الساحل كان قد تم إجراء فحص الضخ التجريبي عليها حيث تم اخذ هذه
النتائج واعادة تحليلها باستخدام برنامج“Aquifer-Test v. 4.0 (Pro)”.حيث كانت النتائج مطابقة لآلبار
السابقة التي تم جمع معلوماتها ميدانيا كما اشتملت هذه الدراسة على عمل قطاعات جيولوجية لبعض اآلبار (9
آبار ) تم حفرهم من خالل مشروع إعادة تأهيل آبار زراعية لمعرفة التكوينات الصخرية للطبقة الحاملة للماء
والتي كانت تتكون من حبيبات خشنة إلى ناعمة من الرمل باإلضافة إلى فتات من الصخر الرملي وبمقارنة هذه
المواد مع دراسات سابقة في أماكن مختلفة عن الدراسة كانت النتائج مقاربة ومتطابقة للدراسة ,كما تم جمع
عينات من التربة لآلبار التي تم حفرها واجراء فحص التدرج الحبيبي لها في المختبر وباستخدام معادلة هزن (
 ) HZENتم استخراج قيمة ( )kوالتي كانت أيضا مطابقة لنتائج الدراسة والتي أوضحت قيمة

( 01= )k

إلى  22وقيمة ( 022 = )Tإلى  0222وكان قيمة معامل التخزين (,4-02= )Sومن ثم تم إعداد خرائط GIS
لهذه الخصائص وتوزيع النتائج على كافة مناطق قطاع غزة .
كما أوصت هذه الدراسة على عمل المزيد من الدراسات بهذا المجال واستخدام طرق أكثر دقة إن وجدت
كما أوصت بإنشاء أبار اختباريه لمعرفة خصائص الخزان المائي بدقة لمعرفة آليات المحافظة على الخزان
المائي واليات التعامل مع المصدر الوحيد في قطاع غزة .
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Drawdown per log cycle (L).

s’

Residual drawdown per log cycle (L).
s

Change in drawdown per log cycle (L).

s'

Change in residual drawdown per log cycle (L)

T

Transmissivity (L2/T).

K

Hydraulic conductivity (L/T).

b

Saturated aquifer thickness (m).

Kh

Horizontal hydraulic conductivity (L/T).

Kz

Vertical hydraulic conductivity (L/T).

S

Aquifer storage coefficient (dimensionless).
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Specific yield (dimensionless).

Ss
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Pumping rate of well

t

Time since the start of pumping (T).

t’

Time since the cessation of pumping (T).

t0
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Distance from pumping well to observation well (L).
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Hydraulic head gradient .
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1.1 Introduction.
Gaza Strip is one of the semi-arid areas where rainfall is falling in the winter season from
September to April. The rate of rainfall is varying in the Gaza Strip is ranging between
200mm/year in the south to about 400mm/year in the north, while the long term annual average
rainfall rate in all over the Gaza Strip is about 317mm/year.

Groundwater aquifer is considered the main and only water supply source for all kind of
human usage in the Gaza Strip (domestic, agricultural and industrial). This source has been
faceiuy a deterioration in both quality and quantity for many reasons, e.g. low rainfall, increased
in the urban areas which led to a decrease in the recharge quantity of the aquifer, also
increasing

the

population

will

depleting

the groundwater aquifer and led to seawater

intrusion in some areas as a result in pressure differences between the groundwater elevation and
sea water level.

Gaza Strip is one of the highest population intensity in the world where the
population has reached more than 1.6 Million inhabitants (PCBS, 2010) living within 365Km2,
and it is expected to reach 2.97 Million inhabitant by year 2025.

Considering the amount of rainfall quantity is about 110MCM/year, where part of that is
feeding the groundwater aquifer through natural recharging process. The recharge rate is varying
in accordance to the soil porosity and the thickness of the unsaturated zone that overlaying the
groundwater aquifer. Previous studies showed that the recharge rate is about 25% in the low
porous area like the eastern part of the Gaza Strip, and about 75% in porous area where the sand
dunes are still found in the north and south of the Gaza Strip. Also the rainfall intensity plays an
important role in the recharge quantity to the aquifer. The long term average recharge is
considered to be 40% of the whole rainfall quantity (PWA, 2005). In other words the recharge
amount from rainfall to the groundwater aquifer is about 45MCM/Year.
2
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Determination of aquifer characteristics is essential to the solution of several hydrological
and hydro-geological problems.

Figure 1.1: Map of Gaza Strip(MOPIC1997)
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1.2 Problem Statement.
Increasing population and recent drought cycles in Gaza strip have increased the need for
additional water supplies. Many of the studies of the hydrogeology of the aquifer include
conceptual models of the Gaza’s aquifer system and estimates of the aquifer’s groundwater
supply and the feasibility of using groundwater to supply the growing need for water.

Conceptual models are the foundation for computer simulations capable of predicting
impacts of water use on a hydrogeologic system. Accurate, quantitative values of hydraulic
conductivity, transmissivity and storativity are necessary for credible simulations that make
reasonable predictions of water resources. Attempts have been made to perform a computer
models of Gaza aquifer (CAMP, 2000) with limited success. All the authors who created the
models agree that better estimates of hydraulic parameters will enhance the accuracy of their
models. Before a more accurate computer model of aquifer’s hydrogeology can be constructed,
sufficient hydraulic tests to estimate the various aquifer parameters should be conducted. The
research problem can be summarized as follow:

1.

The pumping test time is not sufficient for getting the adequate accurate

results.
2.

The techniques and equipments of conducting pumping test are not according

to the international or even the local relevant standards.
3.

Lack of united standards for arranging the work of different institutions which

active in this sector.
4.

Uncertainty of the ways of selecting the different locations of conducting the

tests, and if it is enough, adequate and representative to the whole geographical area.
5.

Lack of some data regarding the physical properties of the Gaza Strip Aquifer.

6.

Lack of united database for the different institutions and the absence of the

information sharing concept, which negatively affect the chronological follow up for
the accumulated changes.

4
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1.3 Scope and objectives
The research is aimed to evaluate and analysis the pumping test mechanisms, techniques,
accuracy in the Gaza Strip and its impact on identification the hydraulic properties of the Gaza
coastal aquifer. The objectives of this research work are:

1.

Analysis and reviewing the available data regarding the aquifer characteristics

in the Gaza Strip and the pumping test mechanisms.
2.

Analyzing the collected data regardless its accuracy and precision.

3.

Creating GIS maps identifying the results of the analysis.

1.4 Justification
This study is considered one of the first studies in the Gaza Strip that concentrate on the
critical situations of techniques, equipments and accuracy of conducting the pumping tests
and its major effects on the results, which participate in identifying the physical properties of
the aquifer.

1.5 Research Structure
1.

Chapter 1 introduction: the problem statement, study justification, aims and

objectives of this study. Study contributions in the last section.
2.

Chapter 2 literature Review : previous studies at different places in the world

were described and discuss, existing guidelines and different standards concerning .
3.

Chapter 3 Study Area : a brief description of the Gaza Strip, its location,

population, climate and soil is presened in chapter three, a brief description of the
groundwater quality
4.

Chapter 4 Research Methodology : presents the experimental monitoring

program and analysis methods that have been followed in this research.
Description where the samples have been collected is presented. Physical, chemical
and biological parameters , methods of analysis were also described. All media and

5
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equipments with analysis methods of physical, chemical, biological parameters and water
level measurements were also explained.
5.

Chapter 5 Results And Discussion : presented the results and discussion, the

data collected from the field and laboratories were presented and discussed.
6.

Chapter 6 Conclusion and Recommendation

7.

Appendix

1.6 Expected Outputs:
The following are expected to be achieved by this study:

1.

Guidelines plan for appropriate techniques and measures of conducting the

pumping test and aquifer test which is adapted with the nature of the Gaza Strip
aquifer.
2.

Thematic maps illustrating all the relevant analyzed data, comparing with the

local and international standards.
3.

Better description for the Gaza Strip Aquifer physical properties.

6
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Chapter 2: Literature Review
2.1 Introduction.

Models for the interpretation of pumping test data were initiated by Thiem (1906) under
constant pumping test rate and equilibrium conditions for confined and unconfined aquifers.
Since then, different methods have been designed for pumping test analysis. But whatever the
procedure might be, it is necessary to always note the assumptions for the giving analysis.
Reliable estimates of the hydraulic parameters controlling an unconfined aquifer’s capacity to
store and transmit water are generally obtained by pumping test analysis with one or more
analytical models, of which Boulton (1954, 1963), Dagan (1967), and Neuman (1972, 1974,
1975) are the most popular.

By considering the gradual drainage of water from the unsaturated zone above the water
table, Boulton (1954) could explain the changes in hydraulic head observed in unconfined
aquifers in response to pumping from a well. Regrettably, his model did not answer for the
vertical components of flow in the aquifer nor account for effects of partial penetration by the
pumped well and, consequently, could not be used to evaluate vertical hydraulic conductivity.
This approach could account for vertical hydraulic conductivity except at large distances from
the pumped well where the flow might be assumed predominantly horizontal.
On the other hand, the Dagan (1967), and Neuman (1972, 1974) models could account for
vertical components of flow in an aquifer, and thus the effect of partial penetration of the
pumping well. Contrary to Boulton, both models assumed drainage from the unsaturated zone to
occur instantaneously in response to lowering of the water table. In addition, the Dagan model
did not account for the compressive characteristics of an aquifer and therefore could not be used
to evaluate aquifer specific storage.

8
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Although both the Boulton and Neuman models could account for the compressive
characteristics of an aquifer by assuming the pumped well is infinitesimal in diameter, it
becomes impossible to account for effects of well bore storage, thereby limiting the usefulness of
the models for accurate evaluation of specific storage. This assumption necessitates that
observation wells be located at large distances from the pumped well to reduce the influence of
well bore storage. Unfortunately, this last requirement makes it difficult to record accurate earlytime measurements due to small drawdown at large distances.
Boulton’s idea of delayed drainage from the zone above the water table uses an
exponential relation containing an empirical parameter (delay index) which Neuman (1975)
found to be a function of radial distance from the pumped well and not a characteristic property
of the aquifer. Based on numerical modeling, Neuman (1972) postulates that the delay index
could be neglected in an aquifer tests. However, there may exist a sig- nificant difference
between measured field data and theoretical drawdowns in observation wells, particularly those
located near the water table (Moench, 1995), whether the Boulton model or the Neuman model is
used.

Chen et al. (2003) showed from the contours of relative errors (REs) for, Kz, S, and Sy
that the areas immediately above and below the pumping well screen are poor locations for an
observation well. Shallow locations with distances of 15 m or closer to the pumping well seem to
be poor choices for obtaining reliable Kz and S values. Favorable locations for Sy are often in
the shallow part of the aquifer and a certain distance from the pumping well. At least two
observation wells are needed for locations good for Sy if the flexibility of Kh is considered;
otherwise, three wells are preferred over a vertical profile. Although REs for Kh are small over
the entire vertical profile, a deep observation well generates a slightly larger error. Therefore,
constructing observation wells in the depth interval opposite the pumping well screen is likely to
generate good quality data because the REs for Kr, Kz, and S are usually small.
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In this equation, H is the piezometric head before the start of pumping; K is the hydraulic
conductivity; h, is the steady state head at a point located at a radial distance r from the centre of
the pumping well whose radius of influence of is R0 and Q is the pumped well discharge. As a
typical procedure, the pumped well discharge Q and the draw- downs values H-h are recorded
during the test course from which R0 and K can be calculated. At the end of the test, the
dewatered well is shutdown and recovery reading collected for possible time-dependent aquifer
characteristic analysis.

Moench (1994) proved that on the basis of a pumping test in an unconfined aquifer, it is
possible to derive values of horizontal and vertical hydraulic conductivities, specific storage, and
specific yield using analytical methods. However, because it is a time consuming process and
the difficulty to obtain accurate fits of theoretical curves to ob- served drawdown data, numerical
modeling makes it possible to eliminate some of the simplifications and assumptions on which
the analytical solutions are based (Lebbe et al., 1992). Moench (1994) recommended the
composite analysis of pumping test data and grouping of corresponding time drawdown data for
parameterization as opposed to the analyses of individual drawdown curves.

Hvilshoj et al. (1999) demonstrated that it is possible to determine horizontal and vertical
hydraulic conductivities, specific yield, and specific storage based on a pumping test of a
partially penetrating well. Also, from the analyses of the Vejen unconfined aquifer in Denmark,
the hydraulic conductivities obtained from slug tests and mini-slug tests were found to be in
accordance with the horizontal hydraulic conductivity determined by the pumping tests of
partially penetrating wells. However, pumping tests of fully penetrating wells are the most
common, and analyses of such tests yield values of transmissivity, storage coefficient, and
leakage factor (Theis 1935; Hantush and Jacob 1955).

Some commonly used aquifer test and analysis methods are discussed in the following
section.
11
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2.2 Theis (1935)
The Theis equation (eq. 2.2), describes transient (non-equilibrium) flow towards a fully
penetrating well in a confined aquifer, forming the bases for all pumping test analysis. Using this
equation, the transmissivity and storage coefficients can be calculated from drawdown without
the need of stabilization of pump water levels as in the case of steady state methods. In addition,
only one observation well (piezometer) or only the pumping well may be needed to calculate the
hydrogeologic parameters of the aquifer as opposed to steady state observations that require at
least two observation wells.

The non-equilibrium equation proposed by Theis (1935) for the ideal aquifer is
S=Q/4ΠT W(u) (Confined aquifers)
(2.2)

s' = s-(s2 /2b) (Unconfined-aquifers)

(2.3)

u=r2 s/4Tt

(2.4)

Where:
s = drawdown at a point in the vicinity of a well pumped at a constant rate (m)
s’ = pseudo-drawdown, i.e. if no dewatering had occurred.
Q = discharge of the well (m3/s)
T =Transmissibility (m2/s)
r = distance from pumped well to the observation well (m)
S = coefficient of storage of aquifer
t = time of the well pumped (min)
W (u) = well function of u

11
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Because of the complications in solving equations (2.2) and (2.3), the best alternative
is by graphical methods, which gives values for T and S using type curves (fig.2.1).

Figure 2.1: Relationship between well function W (u) and u (Fetter, 2001)..

The Theis (1935) type curve consists of plotting the values of W (u) and versus 1/u
on a log-log paper. Calculated drawdown of observation well (s) are plotted versus time (t)
making sure that both curves have the identical logarithmic scales and cycles. The fielddata curve is superimposed on the type curve, keeping coordinates axis of both curves
parallel (figure 2.2).

12
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Figure 2.2: Match of field-data plot to Theis type curve (Fetter, 2001)..

A match point is selected on the overlapping graphs, defined by four coordinates; W (u)
and 1/u on the Theis curve, s and t on field graph. For values of W(u) at various values of the
parameter.

2.3 Cooper –Jacob method (1946)
This is a modification of the Theis (non-equilibrium) equation. It considers the fact that the
parameter u in Eq. (2.4) becomes very small for large values of t and small values of r (i.e.
when an observation well is close to the pumping well). When u is equal or less than 0.05, the
well function expressed in eq. (2.5) is considered in practice and assumes steady-shape
conditions of the cone of depression of the pumping well.

(2.5)
13
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This brings the Theis equation (2.2) to:

( 2.6 )

If the discharge rate (Q) is kept constant, and assuming that the transmissivity (T) and storage
coefficient (S) remain the same (implying that u ≤ 0.05), the time tc at which steady shape
conditions would develop is given by:

(2.7)

If a steady-shape condition were satisfied, the graph of drawdown (vertical/arithmetic axis)
versus time (horizontal/logarithmic axis) would fall on a straight line (Fig.2.3) when plotted on a
semi-logarithmic paper.

Figure2. 3: Example of Cooper-Jacob straight-line time-drawdown method for a fully confined aquifer (Fetter, 2001)..
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From figure 2.3, the transmissivity
Q = pumping rate, proportional to the slope of the straight line.
∆s = drawdown across on log cycle

t0 = point of intersection of the straight line to the zero drawdown line r = distance of the
observation well to pumping well
The Cooper-Jacob method is quite useful in identifying the heterogeneity of an aquifer. In the
analysis of multiple wells, the transmissivity or storage coefficient can be calculated from the time
drawdown graph of any of the wells, since the results would be the same, if the aquifer were
homogeneous and isotropic. Before the achievement of a steady-shape condition, the drawdown
plot below the extension of the straight line. A deviation from the straight line at the beginning of
pumping indicates that u is still greater than 0.05 and the distance r is quite large, requiring more
time for the observation well to achieve a steady state.

2.4 Distance -drawdown method
This is a modification of the Cooper and Jacob method, applied to obtain quick information
about the aquifer characteristics while the pumping test is in progress, by simultaneous
observations of drawdown in three or more observation wells. Assuming a homogenous aquifer
and that the Cooper-Jacob equation is valid, the aquifer properties can be determined from
pumping tests by the following equations (Watson and Burnett, 1993):

T= 0.0366Q/∆s

(2.8)

S =2.5Tt/r20

(2.9)

Where in,
T = transmissivity (m2/d)
15
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Q =normal discharge rate (m3/d)
∆s = drawdown per log cycle of distance (m)
S = storage coefficient (unit less)
t = time since pumping when the simultaneous readings are taken in all observation wells (days
or min)
ro = intercept of the straight-line plot with the zero drawdown axis (m)

A best-fit line (Fig. 2.4) is drawn on a plot of the distance and drawdown data on semi-log
paper, with drawdown on the arithmetic scale and distances on the logarithmic scale. The
drawdown per log cycle gives the value of ∆s. The line is extended to give the zero- drawdown
and read the value of the intercept, r0.

Figure 2.4: Example of Jacob straight-line distance-drawdown method for a fully confined aquifer(Fetter, 2001)..
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2.5 Neuman (1975)
The Neuman’s curve-fitting method for unsteady state flow, describes a delayed water table
response based on well-defined physical parameters of the unconfined aquifer (a function of the
redial distance from the pumping well).

Figure2.5: schematic of the different segments of a time-drawdwon curve of an unconfined aquifer(Fetter, 2001)..
.

By treating the aquifer as a compressible system and the water table as a moving material
boundary, we can simulate the delayed water table response by treating the elastic storativity SA
and the specific yield Sy as constants. The drawdown s becomes:
S =Q/4ΠKd

(W ( µ A , β ))

(2.10)

Under early-time conditions, this equation describes the first segment of the timedrawdown curve (section A of fig. 5) and reduces to
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Whe

s=

Q

re

W (µ A ,
4Π

(2.11)

β)

Kd
µ A =r2SA/4Πdt

(2.12)

SA = volume of water instantaneously released from storage (section B, fig. 2.5) per unit
surface area per unit decline in head (= elastic early-time storativity). Under late-time conditions,
equation (2.12) describes the third segment (section C) of the time-drawdown curve and
reduces to
Q

s=

W (µ B ,
4Π

(2.13)

β)

Kd
Whe
re
µ B = r2sy\4ΠKd

(2.14)

Sy = volume of water released from storage per unit surface area per unit decline of the water
table, i.e. released by dewatering of the aquifer (= specific yield).
Neuman’s parameter β is defined as:
Β = r2kv/d2kh

2.6 Aquifer Hydraulic Properties According CAMP project .
From results of aquifer tests carried out in the Gaza Strip, transmissivity values range between
700 and 5,000 square meters per day (m2/d). Corresponding values of hydraulic conductivity (K)
are mostly within a range of 20-80 meters per day (m/d), as shown in Figure 2.6. Most of the wells
18
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that have been tested are municipal wells screened across more than one subaquifer. Hence, little is
known about any differences in hydraulic properties between sub-aquifers Permeability testing on
cores of the coastal clays have not been carried out to date, but will be done during Task 12 of the
CAMP (camp report 2001).
Specific yield values are estimated to be about 15-30 percent while specific storativity is about
10-4 from tests conducted in Gaza.

Fig.2.6 hydraulic conductivity (K) map (CAMP2002).
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Chapter (3): The Study Area
3.1. Location
The Gaza strip is a coastal area along the eastern Mediterranean Sea; 45km long and between
(6-12) km wide, with total area of about 365 km2.
The Gaza Strip is located on the south-eastern coast of the Mediterranean Sea, between
longitudes 34° 2” and 34° 25” east, and latitudes 31° 16” and31° 45” north. Its area is about 365
km2 and its length is approximately 45 km along the coast line. The location of the Gaza Strip is
shown in Figure 3.1.

Figure _3.1 Location map of the Gaza Strip(Aish
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3.2. Topography
Topography refers to the altitude of the land surface. Gaza strip is a coastal foreshore plain
gradually sloping westward toward the sea allowing for surface run-off to re-infiltrates the soil.

A sandy beach stretches all along the coast, bound in the east by a ridge of sand dunes known as
Kurkar ridges (Bruins, et. al., 1991).This alternating sequence of permeable and impermeable
layers serves as a natural catchment area for rainfall and renders the sand favorable for growing
crops.

Figure _3.2 Topography of the Gaza Strip ( m )(aish2004)
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The topography in the Gaza Strip is influenced by the ancient kurkar ridges, which run parallel
to the present coastal line (Anan and Zaineldeen 2008). The altitude of the Gaza Strip land surface
ranges between zero meters at the shore line to about 90 meters above mean sea level in some
places, as shown in Figure (3.2). The height increases towards the east from 20 to 90 meter above
the sea level.

3.3. Meteorological Conditions
3.3.1 Air Temperature
The area has a Mediterranean dry summer sub-tropical climate with mild winter; this is because
of its locations as transitional zone between semi-humid Mediterranean climate and arid desert
climate. The mean monthly lowest temperature in January is 13.5 C0 and the highest in August is
25.9 C0, with the mean annual temperature of 19.9 C0.

Figure 3.3 Mean monthly maximum, minimum and average temperature (C°) for the Gaza Strip (period 1987 – 2012)
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3.3.2 Wind Speed
The wind velocity with northwest direction at 2 meter above the surface in the summer is about
1.5 m/ sec, which is less than that is during winter months where velocity reaches values of 2.8
m/sec (Haeyer, 2000).
3.3.3 Solar Radiation
The mean annual solar radiation is about 2200 J.cm2 day -1 (Haeyer, 2000). The mean monthly
values in winter are about one third of the mean monthly values in summer. These values are
applicable for the whole area since Gaza strip is too small to have a distinct climate.

3.3.4 Evaporation
Table (3.1) shows the variation in the evaporation rate in Gaza strip. There is a clear annual
variation in the evaporation rate due to solar radiation. Mortaja (1998) recorded that is the annual
evaporation in the area ranges between 1300 to 1500 mm.

Table (3.1): The Daily Average Variation of the Evaporation Rate in Gaza Strip (Mortaja, 1998)

Month

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

D

Nov
ec

Average

2.05

2.85

3.95

4.7

5.4

6.7

mm/day

7.25

6.35

6.45

4.6

3.4

2
.15

2.3.5 Rainfall
Most of Rainfall is measured in about 15 stations distributed throughout Gaza Strip, as shown in
Figure (3.3). The records are taken every day to give a daily rainfall. The average rainfall increases
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from south to north; it is about 242 mm/yr., in Rafah in the south, to about 473 mm/yr., in Beit
Lahia in the north.
The average rainfall from nine-weather station distributed along Gaza Strip for the period from
1982 to 2004 is given in appendix (B). Because of variation in the rainfall intensity, the effective
rainfall differs from the south to the north. The effective rainfall mm/month for all weather stations
is given in appendix (B). Rainfall occurs only in the winter months (October –March), most of the
Rainfall occurs during December to January. The number of rainy days as recorded in different
weather stations along Gaza strip is 41 days. Rainfall is the main renewable resource that feeds the
groundwater aquifer in the Gaza Strip. About 40% (46 Mm3/yr.) of the total rainfall is recharging
the groundwater aquifer (Abu-Mayla, et.al., 1998).
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Fig. 3.4: Rainfall distribution in 2011-2012(PWA2012)

The distribution and the availability of rainfall in space and time are important for rainfall-run26
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off process. Table (3.2) showing the number of rainy days according to the quantity for nine
weather stations in Gaza Strip for the year 2006.

Table .3.2: Mean monthly rainfall and distributions in Gaza Strip ( 2011/2012 )

3.4. Demography
The population of the Gaza Strip is characterized by three distinct sectors: urban population is
about 64%, rural population is about 5%, and a refugee camps population is about 31%. The
Palestinian central Bureau of statistics estimated the population of the Gaza strip in 2003 to be
1,364,733 inhabitants with an annual growth rate of 3.2% (PCBS, 1997). The population density
within the eight refugee camps is nearly 38,600 inhabitant/km2; even the urban areas have
population densities of approximately 15,400 inhabitant/km2
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3.5. Geology of the Gaza Strip
The Gaza strip is a shore plain gradually sloping to the west. It is underlain by a series of
geological formations from the Mesozoic to the Quaternary. The main formations known were
composed in the last two system periods, Tertiary formation called “Saqiya formation” of about
1200-meter thickness, and the Quaternary deposits in the Gaza Strip are of about 160 meters
thickness and cover Saqiya formation (Mortaja, 1998). Table (3.2) summarizes the geological
history of the area, where Figure (3.5) illustrates a geological cross-section in the Gaza Strip. The
geological formations deposited in the area are described as follows:

Figure (3.5) illustrates a geological cross-section in the Dan F Gritzer (1971)
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Table3. 2: Summary of the geological history of the area(Rosenthal,Vinokurov,1992)
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3.5.1 Tertiary Formation
The tertiary formations are composed mainly of Saqiya formation, which consist of clay, Marl
and Shale, and overlies the limestone layer beneath. (Hamdan, 1999).The thickness of this
formation is about 1200 m at the shoreline, and it descends down rapidly at the east. According to
oil exploitation logs, it is found that there are other Tertiary formations such as Chalks, limestone,
and sandstone at depths of 2000 m.
3.5.2 Quaternary Formation
The quaternary deposits in the area have a thickness of about 160 m and covering the Pliocene
Saqiya formation. The overlying Pleistocene deposits “Lower Quaternary “, consists of: -

3.5.2.1 Marine Kurkar Formation
It is composed of shell fragments and quartz sands with calcareous cement. The thickness
varies between 10 to 100 meters on the coast.

3.5.2.2 Continental Kurkar Formation
It is composed of red loamy sand beds (Hamra). The maximum thickness is about 100 meters
with often-calcareous cement (Palestinian Environmental protection Authority, 1994).
3.5.2.3 Quaternary Deposits
These deposits are found at the top of the Pleistocene formation with a thickness up to 25 m. It
can be divided into the following different types:
I. Sand Dunes: Sandy soil is found in the dunes area along the southern seashore, in a width
of 2-3 km. The total area of the sandy covers about 70 km2. The sand dunes are 30-50 m above
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sea level. Lucite soil is widely spread in the middle of Gaza. This soil is a mixture of sand and
loam (Palestinian Environmental protection Authority, 1994).
The thickness of these dunes is about 15 m. These dunes originate partly from Nile river
sediments. It extends along the shoreline, with small width in the south, increasing northward up
to 3 km.
II. Sand Loess and Gravel Beds:It has a small thickness of about 10 m, and it is considered
as the main formation of Wadi Gaza.
III. Alluvial Deposits: These formations have a thickness of 25 m and spreading around the
Wadi Gaza.
IV. Beach Formation: It composed of relatively thin layer of sand with shell fragments. It is
mainly unconsolidated, however; in some places, it is cemented due to deposition of calcium
carbonate.

3.6. Gaza Formation
The deposits formed in the Pleistocene and Holocene ages are classified as subsoil formations
and soil respectively. The subsoil formations from the Pleistocene age are distinguished in two
categories that are:
3.6.1 Kurkar
Hamdan (1999) suggested that these formations results from the continuous deposition of sand
through the Pleistocene age in a sedimentary basin, which extends beyond the border of the coastal
region. The sand was deposited as Aeolian dunes that consolidated later by litho static pressure and
precipitation. Cemented sandstone are present near the surface, they form distinctive topographic
ridges with vertical relief up to 60 meter. These Kurkar ridges, from which the coastal aquifer has
obtained its name, typically extend in NE-SW direction. Hamdan (1999) emphasized that this
formation is the water-bearing layer that allows significant amounts of water
to go through. The hydraulic conductivity (the rate at which the formation allows water to go
through) of Kurkar depends on the type of the cement (clay mineral, calcium carbonate).
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3.6.2 Hamra
Hamra and Kurkar are found in consecutive stratification and formed in the Pleistocene and
Holocene series of the Quaternary system. Hamra and Kurkar interchange each other on the
outcrops at the ground surface of the Gaza Strip. Hamra formation is a mix of clay, silt and fine
grains that are covered by iron oxides with red colour. The formation is free of lime and founded in
beds at different depths of about one meter thickness. Besides, it can be found in fragmented small
layers.

3.7. Soil Condition
Soil is the surface layer that covers the rock formation; it is affected by the parent rock and the
local climate. It contains a mixture of organic and inorganic constituents, water and air.
As shown in Figure (3.6) soils classification based on soil texture (PWA, 2003). Another
classification considered the outward properties and soil physical properties in various depths (30
cm, 60 cm, 90 cm, 100 cm) ( Goris and Samain, 2001). The classification and the characteristics of
different soil types of Gaza Strip to another However, since the increasing urban development, the
natural soil was disturbed and covered by impermeable layers such as paved roads or occupied by
buildings. This, of course reduced drastically the amount of infiltrated rainfall that replenishes the
groundwater. The decrease in infiltrated rainwater appeared as a surface run-off, is lost by either
evaporation or diverted to the sea. The infiltrated water in Gaza Strip goes through the soil in a rate
of one to two meters per day in the areas where fine sand is found, and this rate increases in the
coarser formation e.g. kurkar. However, the percolation rate decreases, if it encounters a clayey
layer in the subsurface. Water goes horizontally above the non-permeable layer until it encounters
a disconnection in this layer and travels vertically downward to groundwater reservoir (PWA,
2003).
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Figure _3.6 Soil map of the Gaza Strip ( PWA, 2003 )
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3.8. Hydrology of the Gaza strip
There are no permanent surface water resources in the Gaza Strip, like rivers or lakes.
Temporary flow of surface run-off owing to rainfall is the only source of ephemeral surface water,
which may be used through so-called rainwater harvesting techniques. (Bruins, et. al., 1991).

Figure 3.7 : The groundwater level map2008(PWA)
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The Gaza Strip Pleistocene granular aquifer is an extension of the Mediterranean seashore
coastal aquifer. It is extends from Bet Hanon in the North to Rafah in the South, and from the
seashore to 10 km inland. The aquifer is composed of different layers of dune sandstone, silt clays
and loams appearing as lenses, which begin at the coast and feather out to about 5 km from the sea,
separating the aquifer into major upper and deep sub aquifers as shown in Figure 3.8. The aquifer
is built upon the marine marly clay (Saqiye group) from the Neocene (Fink, 1970), having a
hydraulic conductivity of about 10-10 m/s (Goldenberg, 1992). In the southeastern part of the
Gaza Strip, the coastal aquifer is relatively thin and there are no discernible sub aquifers (Melloul
and Collin, 1994).

The Gaza aquifer is a major component of the water resources in the area. It is naturally
recharged by precipitation and additional recharge occurs by irrigation return flow. The
consumption has increased substantially over the past years; the total groundwater use in year 2000
is about 145 Mm3/year, the agricultural use about 90 Mm3/year, domestic and industrial
consumption about 51 Mm3/year (Metcalf and Eddy, 2000). The groundwater level ranges
between 5 m below mean sea level (msl) to about 6 m above mean sea level as shown in Figure
3.7. The groundwater level corresponds to depth below the soil surface between 0 and 95 m.

3.8.1 Wadis Run-off
In Gaza Strip the Surface water system consists of Wadis, which only flow during short period.
Wadis are characterized by short duration flash floods that occur after heavy rainfall. During most
of the time, the Wadis are completely dry. The major Wadis are Wadis Gaza that originates in the
Negev desert. Its Catchment area is a large of 3500 km2. In addition, there are two small and
insignificant Wadis in Gaza Strip, Wadi El-Salqa in the south without outflow to the sea and Wadi
Beit Hanoun in the north which flows into Palestine . The estimated average annual flow volume of
Wadi Gaza is 20 to 30 Mm3 (PECDAR, 2000). In 1994 the run-off was estimated at about 40
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Mm3, Where the rainfall in Gaza Strip in that year was about 1000 mm. Dry periods, lasting a
couple of years without any significant run-off are experienced. When surface run-off occurs, it
occurs during a limited number of days (Abu-Maila and Aish, 1997).
A major problems associated with Wadis in Gaza Strip include, urbanization with increased
building near those natural areas, discharge of untreated sewage, disposal of solid waste in the
Wadis, and loss of flow due to Israeli interception.

3.8.2 Stormwater Run-off
Storm run-off in the Gaza Strip is a function of rainfall intensity and duration coupled with the
ability of soil to absorb the water at a rate sufficient to prevent collection of water on the surface.
When the rainfall intensity is greater than the infiltration rate into the soil, then run-off occurs.
(Bruins, et.al., 1991). The type of soil is very important, especially its capability to receive water,
while the slope of the terrain also becomes a factor, with flatter surfaces usually possessing higher
infiltration rates.

3.9. Hydrogeology of the Gaza strip
Groundwater is considered the only dependable and regular source of water in the Gaza Strip. It
is a source of drinking, domestic, irrigation and industrial water supplies. The aquifer depth varies
from 10 meter in the east to 120 meter in the west (Abu-Mayla, et.al., 1998). According to
Environmental planning Directorate (1996), it is believed from studies done by Israeli researchers
that the deep aquifer under the Negev Desert contains brackish water at depth of about in some
areas of 1500 to 3200 meters below the sea level.

Groundwater in the Gaza Strip occurs in a system of shallow sub-aquifers, which is made up
mainly of quaternary sands; calcareous sandstone and pebbles with inter beds of impervious semi
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pervious clay. Approximately 90% of the Gaza Strip water comes from this shallow coastal aquifer
(Al-agha, 1995).

The top of the system consists of recent sand dunes in the western part of the Strip and finer
deposits (sands and loess) in the eastern part and beyond, inter bedded with paleo-soils. Assessing
to Figure (3.7disht 2012) a hydrological cross section that passes through the Gaza Strip shows the
depth and sub-aquifers. Groundwater is found in three aquifers composed mainly of sand,
sandstone and pebbles. The three to four aquifers are divided into sub-aquifers that overlay each
other in certain places separated by impervious and semi-impervious clayey layers (Mogheir,
1997), where these aquifers described as follows:
1. The upper aquifer lies closest to the sea and extends to two kilometers inland at a depth
mainly below sea level.
2. The middle sub-aquifer is situated below the upper aquifer near the coastline. They rise in an
eastward direction according to the general slope of the geological layers.
3. The lower sub-aquifers extend further inland.
3.9.1 Groundwater level
Groundwater heads in the aquifer fall from about 15 meters above mean sea level along the
strip's eastern borders to mean sea level in the west along the shoreline.
The depth of groundwater in the aquifer ranges between 60m along the eastern border drops to
about 8m near the shore (Environmental Planning Directorate, 1996). Mortaja, (1998) reported
that, the continuous over pumping from the aquifer has resulted in a drop of the water table at rate
of (15 – 20) centimeter per year.
3.9.2 Groundwater Flow
Under normal hydrological conditions, water will flow from regions of high hydraulic head to
regions of lower head. The natural flow of groundwater in Gaza Strip is from east to West toward
the Mediterranean.
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There are two sources for the underground flow, the fresh water from the Judian group aquifer
in the West Bank, and the brackish water from the aquifer under the Negev and Sinai
Environmental Planning Directorate, 1996). However, overexploitation of the aquifer has lowered
the head in the aquifer and developed an inverse flow pattern, represented by the phenomenon of
seawater intrusion. (Abu- Mayla, et. al. 1998).

3.9.3 Groundwater Balance
In order to analyze the water balance in the Gaza Strip, it is necessary to compare water supply
with water demand (Assaf, 2001). It should be noted that, the Gaza coastal aquifer is a dynamic
system with continuously change inflow and outflow.

The present net aquifer balance is negative, that is a water deficit. Under defined average
climate condition and total abstraction and return flows; the net deficit range between 18-26
Mm3/yr. In the year 2020, there will be 2 Million inhabitants, double the current population, and
the water demand could easily double from the current 154 Mm3/yr. to 216 Mm3/yr., which
makes it necessary to generate and obtain additional water supplies in order to cover these
alarming shortages.

During September 2001 to August 2002, an extensive program of hydrogeological
investigation was undertaken by Palestinian Water Authority (PWA) in the northern part of Gaza
Strip to achieve the most reliable characterization of the subsoil and eventually to assist in the
design and implementation of a pilot artificial recharge system for treated wastewater to
groundwater. The area extends over 336,000 m2, of which 212,000 m2 is used for a treatment
plant and artificial recharge basin and it is located in the north of Gaza city, east of Jabalia town,
next to the eastern border of the Gaza Strip. Three sets of boreholes have been drilled. The first
set consists of 19 shallow boreholes that penetrate the silty clay layer and the underlying
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sandstone (kurkar). The second set consists of five boreholes that penetrate the unsaturated zone
to at least 5 m below the groundwater level. The last set consists of three deep boreholes and one
pumping well. The deep boreholes were drilled at 100 to 120 m depth going through the kurkar
and clay formations.
The pumping well was drilled at 156 m reaching the Saqiye formation. Packer tests were
carried out to determine the hydraulic conductivity of the unsaturated zone. Also 5 infiltration
tests were conducted to assess the infiltration capacity at the location of the proposed artificial
recharge. In addition, a pumping test also was carried out to determine the hydraulic properties
of the aquifer. The geology has been clarified in principle. The topsoil consists of a 3 to 14 m
thick clay layer.
The soil underlying the clay layer is sandy material (kurkar). Inter-bedded clay layers separate
the aquifer into major upper and deeper sub-aquifers. The average hydraulic conductivity of the
upper sandy material obtained from packer test and Hazen formulae are 11.6 m/d and 12 m/d.
The infiltration test shows that the infiltration capacity of the sand is at least 5 m/d. The
hydraulic properties of the aquifer system were determined by a pumping test, yielding a
transmissivity of 2400 m2/d, an average hydraulic conductivity of 32 m/d, and a specific yield of
0.24. The groundwater level is found at about 50-60 m depth, which approximately is 1m above
sea level. This means that the unsaturated zone is extensive (Aish and De Smedt, 2003
The coastal aquifer of the Gaza Strip is part of a regional groundwater aquifer system that
extends north up to Haifa, and south into Sinai coast of Egypt as shown in Figure 1. The coastal
aquifer consists primarily of Pleistocene age Kurkar Group deposits including calcareous and
silty sandstones, silts, clays, unconsolidated sands, and conglomerates.
The coastal aquifer is generally 10-15 kilometers wide; the Kurkar group forms a seaward
sloping plain, which ranges in thickness from 0 m in the east, and about 100 m at the shore in the
south, and about 200 m near Gaza City. At the eastern Gaza border, the saturated thickness is
about 60-70 m in the north, and only a few meters in the south near Rafah. Near the coast,
coastal clay layers extend about 2-5 km inland, and divide the main aquifer into three
subaquifers, referred to as subaquifers A, B1, B2, and C. A conceptual geological cross-section
of the coastal plain geology is presented in Figure 2.8. The base of the aquifer is marked by the
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top of Saqiya formation (Tertiary age), it is a thick sequence of marls, clay stones and shale that
slopes towards the sea, with low permeability and approximately 400-1000 m thick wedge
beneath the Gaza Strip (Metcalf & Eddy, 2000; Qahman and Zhou, 2001).
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4.1 Introduction
This chapter discussed the methodology that was used in this research. The techniques and
approaches were used to achieve the objective of this research and can be summarized as follow:

1.

Compile existing data into a spatial database.

2.

Use specific capacity information from drillers’ logs to estimate the

transmissivity of wells not tested during this study.
3.

Locate specific wells to conduct pumping tests, insuring that the wells meet

certain requirements for analytical assumptions and pumping limitations, and obtain
permission from the owners to test the wells.
4.

Plan and conduct each test based on the hydrogeological setting and physical

parameters of each well.
5.

Analyze the test results considering each well’s hydrogeological setting.

6.

Use the results to estimate and extrapolate hydrogeologic parameters for

Gaza aquifer.

4.2 Literature Review
Information regarding case studies was compiled through literature reviews, and discussions
with developers. Data related collected from, web site, libraries, ministries, and institutions

4.3 Data Collection
Data needed for this study have been collected from PWA, CMWU, MOH, EQA, PCBS and
NGOs. Additional efforts were conducted in collecting field data(fig. 4.1)

42

Chapter 4: Research Methodology

4.3.1 Data in the Study Area
4.3.1.1 Water level Data
It is an important to study and follow the groundwater levels as a function to the groundwater
abstraction with time and as indicators of deterioration. So, the observations of ground water levels
should be carried out with intervals of a few times. In the study area, the observations carried out
once monthly by PWA staff which continued until 2008.
4.3.1.2 Pumping test data:
Been collecting this information from several government institutions and civil where study
relied information from PWA and CMWU through wells drinking newly created was the work of
pumping test which also adopted the study mainly on the draft rehabilitation agricultural wells
were destroyed in Gaza Strip this included the reclamation of 20 agricultural wells where pumping
action demo of these wells, where I serve as consultant for these wells.
Where the geographical distribution and availability of information and accuracy of the most
important criteria to compile information.

4.4 Data Processing and Analysis
4.4.1 Analysis with AquiferTest (Pro)
The drawdown data presented in appendix 1, is analyzed using an easy-to-use pumping test and
slug test data analysis package called “AquiferTest v. 4.0 (Pro)”. AquiferTest provides a flexible,
user-friendly environment with automatic type curve fitting to a data set. Where an automatic curve
fit is not possible, data is manually fitted to the type curve using parameter controls based on
our knowledge of the geologic and hydrogeologic setting. We made use of the Neuman’s 1975
type curve method applicable to both partially and fully penetrating wells.
AquiferTest 4.0 uses the Theory of Superposition for analytical solutions. The results are
obtained by starting with a standard solution and sequentially applying correction to get the best
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results. The idea is to apply the analytical model of Neuman to verify previous values obtained for
the aquifer parameters.
Limitations to the use of AquiferTest stem from the assumptions that “well effects” i.e. storage
in the pumping well, skin effects (Moench, 1997) and well losses (Kruseman and DeRidder,
1994), which could contribute to delayed drawdown at the beginning of the pumping test are
ignored. Corrections made to the Neuman’s method assume that for a single pumping well, the
unconfined aquifer extends radially and infinitely, is homogeneous and anisotropic, having a
constant pumping rate with partially penetrating observation wells. In addition, the flow to the
well is in an unsteady state and prior to pumping, the water table is horizontal over the area
that will be influenced. The different drawdown values recorded during pumping test 1 is shown in
the appendices.

4.4.2 Data Management and Analysis
AquiferTest uses the “downhill simplex method”, which is a minimizing algorithm for
general non-linear functions, for automatic curve fitting. This approach required much
computer time and an automatic fit was less successful and unreliable for most observation wells
under partial penetrating conditions.

AquiferTest does not require an input file to be constructed separately. However, the data
input is similar to table 1. It is clearly seen in figure (4.3) that both pumping and observation wells
are partially penetrating the full thickness of the aquifer.

44

Chapter 4: Research Methodology

Fig. 4.3: Data input in aquifer test program

4.4.3 Geographical information System (GIS)
GIS is a computerized information system. It is designed to store, manipulate, retrieve, analyze,
and display spatially referenced data.

Geographic Information Systems (GIS) play an important role in managing the daily operations
and planning activities of Storm Water Services (EPA, 1994). GIS is a technology that involves
converting data and other information into computer generated maps that can identify creeks, flood
plain boundaries, building locations and project components.
ArcGIS software was used in current study. It was extremely flexible to allow easily draw
many contour maps that reflects the general situation in study area.
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4.4.4 Win Log 4

Win Log can be used to create graphically detailed full color, cross-sections and fence
diagrams quickly and easily. The program can be used to interpret and map soil, rock layers,
contamination, fossils, minerals and hydrocarbons. WinLog program has numerous features to
make creating and editing of borehole logs easier and faster. Most of the existing features have
been enhanced in Version 4 of the program, and many features have been added such as: 1)
Project reports can be generated for all data in a project, for example: layer tops, thickness,
lithological description and water table. 2) Used data can be imported and /or exported: boreholes
data can be entered and displayed manually or imported from excel. Several methods for
calculating true depth are supported.

WinLog can be used to quickly create, edit and print geotechnical water wells log. This
program displays the log and shows exactly how the log will look when it is printed. These
borehole and well logs can be printed in black and white or color. The geographical information
system feature added in WinLog version 4 displays a location map for the project showing the
boreholes and cross-sections. There are no limits to the number and types of borehole logs that
can be created with WinLog. Logs can contain general borehole data such as (Location, Project
Number, Wells Coordinates, Lithological Descriptions, Symbols, Sample Data, Water Level
Measurements and additionally Text Comments).

4.4.5 WinSieve
WinSieve can be used to quickly enter, edit and print grain size analysis charts in several
standard or custom formats. Each grain size analysis test can include sieve data, washed sieve data,
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and hydrometer data as specified in ASTM Test Method D-422. There is no limit to the number of
samples in a project and the number of tests per sample.
Each grain size analysis chart is composed of three parts; a graph, an optional legend, and a
header. The graphical windows interface displays the charts as they are entered and shows how the
chart will look when it is printed. Test results can be printed in black and white or color.
All test results; sample and project information is stored in a Microsoft Access relational
database. This database allows for the quick storage and retrieval of sample and test data, and can
be interfaced with a variety of other programs. There is no limit to the number of projects, samples,
and test results that can be stored in the database. The database is setup to work across a network if
desired, with each project stored in a separate directory.
A master project database is maintained by the program to track the status and locations of
projects. This database contains the project number, name, and directory location.
Grain size analysis results for up to 5 tests can be plotted on a single graph. In addition, the grain
size specifications can also be plotted on the graph. Classification system, fonts, colors, scales, line
types, point types, and titles can be easily customized for each graph.
The classification system is plotted beneath each graph to provide easy comparison with sample
results. Several standard classification systems are provided including:







USCS (Unified Soil Classification System)
USDA
ASSHTO
International
Modified Wentworth
Australian

The sieve analysis can also have an optional legend block at the top or bottom, which can be
used to display sample information, classification results, and grain size analysis results. A header is
also displayed at the top or bottom of each graph, which can be used to show a company logo or site
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map (stored as a bitmap and imported into the program), project name and number, borehole
information, sample information, or other text

4.5 DESIGN OF AQUIFER PUMPING TESTS

The mechanics of aquifer pumping tests are such that water is pumped from a well screened in a
particular water-bearing zone, for a certain amount of time, and at a specific pumping rate. For this
reason, these tests are often referred to as pumping tests. The impact of ground water extraction on
one or more water level surfaces (i.e., the water table and/or piezometric levels of confined or semiconfided zones), or drawdown, is measured in the pumped well and in other nearby wells, referred
to as observation wells see Fig 4.4. Subsequently, the hydraulic properties of the aquifer-specifically transmissivity, hydraulic conductivity, and storage coefficients can be estimated from
the drawdown observations.

Fig.4.5: Pumping test of unconfined aquifer
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4.6 Guidelines for the Pumping Well
Specifics related to the design and construction of pumping wells can be found in Driscoll
(1986). However, the following guidelines represent minimum considerations that should be
adhered to for wells used as pumping wells during an aquifer test.
4.6.1 Well Diameter
The casing diameter of the pumping well should accommodate an appropriately sized pump with
adequate clearance for installation and hydraulically efficient operation.
4.6.2 Well Depth
The total depth of the pumping well should be selected based on lithological information
obtained from the following sources:


geologic cross-sections,



geologic logs,



geophysical logs.

This information should be obtained from the installation of a small diameter pilot hole,
applicable records of nearby wells, and/or from drilling and installation of the pumping well itself.
Data used to select the total depth of the pumping well should be included in the site investigation
report.
4.6.3 Well Screen Length
The length of the screened interval of the pumping well directly influences both the flow of
water to the well and the amount of water that can be extracted by the well. Each of these aspects is
important with respect to hazardous waste sites. Ideally, for the purposes of aquifer testing it is
desirable to screen the entire thickness of the zone of interest. However, if 70 to 80 per cent of the
aquifer thickness is screened, approximately 90 per cent or more of the well's maximum yield can
be obtained, and the well can therefore be assumed to approximate fully penetrating conditions
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(Kruseman and de Ridder, 1983). In addition to optimizing yield, fully penetrating conditions allow
for horizontal ground water flow towards the pumping well, which is one of the assumptions upon
which many aquifer test analysis methods are based. If it is not practical to screen even 70 to 80 per
cent of the zone of interest due to natural (such as aquifer type, configuration, or heterogeneity) or
economic constraints, then ground water will be induced to flow towards the well with both
horizontal and vertical components. Such situations will artificially increase the magnitude of
drawdown and may lead to misinterpretation of the aquifer's hydraulic properties. In these
instances, analysis should account for partial penetration so that the actual effect of pumping on the
zone(s) of interest can be determined (Kruseman and de Ridder, 1983 and Freeze and Cherry,
1979). Justification for the partial penetration and a detailed description of the proposed or actual
analysis should be included in the site investigation report.

Fig.4.6: Well Screen installation

4.6.4 Determination of Screen Slot and Filter Pack Size
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In addition to allowing water to enter the pumping well, another use of the well screen is to
retain aquifer material that would otherwise enter the pumping well. Both the screen slot size and
the filter pack material gradation should be designed on the basis of the grain size distribution of
the aquifer material, and Construction for Hydrogeologic Characterization (Cal EPA, 1995) for
more information on well design. The ultimate hydraulic efficiency of the pumping well is
influenced by its design and construction. The rationale for design should be included in the site
investigation report, and should be accompanied by appropriately labeled "as-built" drawings of
the pumping well.

Fig.4.7: Filter Pack (gravel)

4.6.5 Selection of the Pumping Rate
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The maximum practical pumping rate is typically determined by conducting a step - drawdown
test before the constant-rate aquifer test begins. Several references are available for detailed
examinations of the mechanics of step-drawdown tests (for example, Driscoll, 1986, Kruseman and
de Ridder, 1983) and how they can be used to determine the optimum pumping rate for an aquifer
test, to calculate well operating levels for different long-term pumping rates, and to indicate the
efficiency of the well. The following are the minimum requirements that should be followed to
ensure that an acceptable pumping rate is selected for the aquifer test.

4.4.6 Pump Selection
As a minimum, the following guidelines should be incorporated into the pump selection process
prior to initiation of the aquifer test.
The pump and power supply should be capable of operating continuously at an appropriate
constant discharge rate for at least the expected duration of the aquifer test.
The capacity of the pump should be sufficient to allow the pump to operate at the rate
determined in the step-drawdown test.
4.4.7 Discharge and Disposal of Pumped Water
Quantifying the hydraulic properties of an aquifer (or confining bed) requires that water be
withdrawn from a known zone for some period of time, during which the extracted water cannot reenter the zone being pumped. To prevent the discharge water from recharging the zone being
pumped, appropriate conveyances and/or pathways from the discharge line to an appropriate point
of disposal or containment should be established. Driscoll (1986) and Kruseman and de Ridder
(1983) describe various means and devices for the discharge of pumped water.
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Figure 4.8: Water quality collected

Because many aquifer tests are conducted to address ground water quality problems, the proper
discharge of water extracted during these tests may require more stringent control than does
discharge related to water supply issues. Therefore, at hazardous waste sites, water extracted during
aquifer tests may have to be contained, sampled to assess the presence of contaminants, and if
necessary, treated or disposed of at an appropriate permitted facility. Before the aquifer test begins,
the volume of water expected to be extracted during the test should be predicted based on a
reasonable estimate of the pumping rate and duration of the test. This volume should then be used to
determine the appropriate number and size of leak-proof containers that should be used to contain
the discharged water. In order to establish the existence or absence of contamination in the
discharged water, the water should be sampled from each container and analyzed in a manner that is
appropriate for the type(s) of contamination that are suspected or known to exist at the hazardous
waste site. Discharged water must be treated or disposed of in accordance with applicable laws and
regulations. In most instances, such discharges will be required to conform to limitations specified
in the California Code of Regulations; consultation with Regional Water Quality Control Board
staff regarding treatment and disposal options is recommended.
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Chapter 5: Results and Discussion
5.1. Introduction:
Conducting aquifer tests in complex hydrogeologic settings such as heterogeneous or fractured
media is a key element to site characterization, water resources assessment and remediation system
design. However, poorly planned aquifer testing programs often lead to suspect data or unanswered
questions after the field work is complete. Even when you are confident of the geologic conditions,
you may have difficulty designing effective aquifer tests, running field equipment or selecting the
best available model to analyze the test data.

Calculating hydraulic characteristics would be relatively easy if the aquifer system (i.e. aquifer
plus well) were precisely known. This is generally not the case, so interpreting a pumping test is
primarily a matter of identifying an unknown system. System identification relies on models, the
characteristics of which are assumed to represent the characteristics of the real aquifer system.

5.2. The main factors determining well suitability for the study include:
Good distribution of the wells, and measurable drawdown observed. The second most
important that there is sufficient information for pumping test with information on the design of the
well to analyze the information crisis. The locations of analysed wells are presented in Figure (5.1).
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Figure 5.1: Locations of Pumping Tests in the gaza strep
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5.3. Results and discussion
5.3.1 Drilling wells and collected samples

Nine drilled wells were conducted, representing values of the main groundwater The drilling
methods used cable tolls percussion drillings Fig.2.1. During the drillings, disturbed samples (bulk
samples) were collected for each 2-5 m drilling and/or at the change of formation. The samples
were checked at the site with regards of the soil texture and color. The laboratory The soil samples
were placed in plastic bags. The grain size distributions are shown in appendix 1.2 and 1.3 The
grain size classification systems were determined according to Unified Soil Classification System
(USCS).
Gravel, sand from 2 mm to 0.075 mm and silt and clay < 0.075 mm
Aquifers formation consisting of sand and kurkar (sand with fine gravels of sandstone).
Within the kurkar and sand formations, the degree of packing varies as well as texture.
Normally, the sand varies between fines to coarse, while the gravel usually is fine to medium.
were interpolated from the boreholes logs as shown in the geological lathology show
fig.5.3a,b,c,d,e .
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Fig. 5.2Drilling methods in the Gaza
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Fig.5.3 geological lathology
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Fig.5.3 geological lathology

62

Chapter 5: Results and Discussion

5.3.2 Hydraulic conductivity from grain size:
Several formulae have been published relating the hydraulic conductivity of soils, especially
sands, to their size characteristics and other classification data. Hazen (1930) related the
permeability to the effective grain size of a soil using following equation.
k = c(d10 )2
K = hydraulic conductivity (m/d),
D10 = effective grain size (mm) for which 10% (by weight) of the particles is smaller, and
C = constant (0.004 to 0.012)

Table 5.1 The analyzed parameter from grain size

No.

Well #

D10 (mm)

Kmin(m/d)

Kmax(m/d)

Average.
K(m/d)

1

N-2

.214

15.83

47.48

31.65

2

Q-29

0.179

11.07

33.22

22.14

3

L-65

0.200

13.82

41.47

27.64

4

R-345

0.193

12.87

38.61

25.74

5

F-241

0.204

14.38

43.14

28.76

6

F-179

0.180

11.19

33.59

22.39

7

Q-87

0.225

17.49

52.49

34.99

8

Q-14

0.226

17.65

52.95

35.3

9

A-93

0.233

18.76

56.28

37.52

14.7

44.36

29.95

Aver
age
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The effective grain size of a soil shown fig.5.4, D10, is an important value for characterizing the
size of the pores, which is the dominant factor regulating flow of water through a pores medium.
The higher the D10 value the coarser the soil and the better its drainage characteristics. Interpreted
permeability values of sand material using Hazen Formula with the lowest value of C = 0.004 range
from 11 m/d to 19 m/d with an average value of 14.7 m/d; maximum value are obtained for C =
0.012 and range from 33 m/d to 57 m/d, with an average value of 44.36 m/d, as shown in Table 5. 1.

Fig.5.4 grain size of a soil
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Fig5.5 .lab work

5.3.3 Analysis Hydraulic Properties from pumping test.
In Gaza strip,Was chosen 45 wells , representing values of the main groundwater aquifers had
been determined. Table (1) shows hydraulic conductivity (K) from pumping tests and hydraulic
conductivity (K); transmissivity (T) and Storativity (S) from the analysed data of the pumping tests.
Analyses of the test results were performed using computer “Aquifer Test” software
For the pumping tests, the following methods are used in the analysis:


Theis (1935)



Cooper-Jacob Time-Drawdown (1946)



Cooper-Jacob Distance-Drawdown (1946)

Automatic type curve fitting to a data set using least squares regression were performed for
graphical solution methods in Aquifer Test Fig.5.6. However, professional judgment to validate the
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graphical match based on knowledge and previous experience of the geologic and hydrogeologic
setting of the test .

Drawdown [m]

0.0
0.10

0.1

Time [min]
1

1.00

10.00

Well 1

Fig 5.6 Automatic type curve fitting
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Fig 5.6 Automatic type curve fitting
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Table 5.2: The analyzed parameter of Gaza aquifer

No

Wells ID

.

K (m/d)

Coordinates
X

Y

T(m2/d

S

)

1

A44

103691.17

107993.14

3.52E+1

3.47E+2

7.89E-4

2

A93

100292.31

108210.12

3.24E+01

3.24E+0

1.20E-5

3

C103

106000.44

106687.05

2.95E+1

2
5.33E+2

4.33E-5

4

C138

106464.12

103281.44

3.09E+1

2.15E+2

3.48E-5

5

C27

107692.15

104563.7

3.28E+1

1.34E+3

1.28E-5

6

Q14

104205.44

101962.97

3.07E+01

9.20E+2

1.84E-5

7

Q28

103502.47

103599.75

2.95E+01

8.84E+2

4.8E-5

8

Q81

103556.43

103013.54

3.45E+01

6.45E+2

2.9E-5

9

Q86

103944.21

101700.42

2.89E+1

2.65E+2

3.51E-5

10

Q87

102508.65

101314.99

3.08E+1

2.98E+2

5.47E-5

11

F222

98474.86

98109.10

2.71E+1

5.45E+2

9.12E-4

12

F179

94818.44

97993.43

4.49E+1

8.12E+2

2.01E-5

13

R340

96471.25

99604.25

3.92E+1

7.45E+2

3.66E-5

14

R236

93212.88

99819.17

3.75E+1

2.08E+2

5.78E-5

15

L66

82716.70

79913.911

2.09E+1

6.88E+2

8.70E-4

16

L65

82993.81

79230.95

1.97E+1

8.48E+2

1.03E-5

17

B56

81908.85

79218.64

5.01E+1

2.44E+2

2.34E-5

18

N2

87958.44

84042.38

2.49E+01

3.74E+2

3.48E-5

19

F241

97337.17

97113.55

3.15E+1

2.46E+2

1.78E-5

20

R348

98344

103633

4.81E+1

9.61E+2

2.23E-4
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21

F226

91951

95875

3.78E+1

7.55E+2

1.38E-4

22

B159

804000

80000

4.42E+1

8.84E+2

1.28E-5

23

R214

102350

102620

4.42E+1

8.84E+2

2.24E-5

24

S93

93108

92454

2.43E+1

4.86E+2

6.75E-4

25

R338

96880

102930

3.54E+1

8.84E+2

9.29E-5

26

El msadsar

91878

90958

2.95E+1

8.84E+2

3.48E-5

27

R345

95427

101265

3.28E+1

6.55E+2

1.99E-4

28

El shek

95427

101265

1.99E+1

1.99E+2

2.25E-4

98772

104116

3.77E+1

1.19E+2

8.98E-5

93155.69

98410.06

2.08E+1

4.76E+2

1.77E-5

9 0643

93761

5.56E+1

1.34E+3

7.36E-6

101142

101394

4.04E+1

8.08E+2

1.55E-4

29

rodwan
R354

31

El Zahra
monesbalty
Kaled bn

32

elwaled
R349

33

R307

97602.38

101510.21

3.11E+1

4.97E+2

1.13E-5

34

R313

97533.92

103022.31

4.42E+1

8.84E+2

1.02E-5

35

Elnaser3

79715

80597

55E+1

1.14E+2

1.28E-5

36

El Zahra

93202.6

98079.5

1.94E+1

4.86E+2

1.75E-5

99330.04

105052.35

1.81E+1

2.71E+2

7.70E-4

30

37

garden
E154

38

G-60

92381

95368

3.0E+1

3.6E+2

1.8E-5

39

L201

82607

85872

5.1E+1

2.71E+2

1.8E-4

40

A-211

103346.6

107220.6

3.41E+1

3.43E+2

3.92E-4

41

D-73

103278

105434.9

3.01E+1

8.13E+2

5.0E-4

42

G-52

90100

96182.6

2.82E+1

5.42E+2

1.3E-4

43

I-97

83472.31

88788.68

2.21E+1

6.11E+2

5.2E-4

44

N-14

87353.68

79728

2.62E+1

3.52E+2

5.2E-4

45

K-7

86450

89400

2.73E+1

7.21E+2

2.6E-4

4.43

579

1.8

Average
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From the above table it is found that the analyzed data range between (55-18.1,1340 -114, 7.36E06-9.12E-04).

with average values, 44.3,579,1.8-4 for hydraulic conductivity, transmissivity and storativity
respectively.

5.4. Spatial analysis
5.4.1. Processing Data and Drawing Contour Maps
It is not easy job to draw a contour map by free hand because there is big numbers of collected
data; such as different chloride concentration of wells, whereas these wells are very adjacent
together and there are some areas empty of wells no records available in these areas. Hence, it easy
for drawing contour maps of chloride concentration by GIS. Geographic Information System (GIS)
is defined as an information system to input, retrieve, process, analyze, geospatial data in order to
support decision making for planning and management of natural resources and environment. In
conducting this work, user performs number of tasks using ArcGIS including:
 Working with maps.
 Automating work tasks, analyzing and modeling using geo-processing.
 Display of results in 3D view map in to method (distance weighted and spline
method).

5.4.2 Transmissivity:
In an unconfined aquifer, transmissivity is defined as the hydraulic conductivity times the
saturated thickness of the aquifer. It is a measure of the ability of the aquifer to transmit water.
Based on the analysis shown in figures 5.7, the average transmissivity of the Gaza aquifer is about
580m2/d. It is ranged between 114 to1340 m2/d .
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fig 5.7ATransmissivty map (Spline)
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fig 5.7BTransmissivty map(distance weighted )
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4.4.3 Hydraulic conductivity
From results of aquifer tests carried out in the Gaza Strip, hydraulic conductivity (K) are
mostly within a range of 18-55 meters per day (m/d),withen average value of 44.3 m/d as shown
in Figure 5.8.

Fig. 5.8 hydraulic conductivity (spline)
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Fig. 5.8 hydraulic conductivity (distance weigted)
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5.4.4 Storativity
The term storativity (S) is the quantity of water that an aquifer will release from storage or take
into storage per unit of its surface area per unit change in land. In unconfined aquifers, the
storativity is in practice equal to the specific yield. For confined aquifers, storability is between
3.92E-04and 1.02E-05

Fig 5.9A storativity map (spline )
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Fig 5.9 B storativity map( distance weighted)

77

CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS

CHAPTER 6
CONCLUSIONS AND
RECOMMENDATIONS

78

CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS

CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS
6.1 Conclusion
This study consisted of investigating the hydrogeology, analyzing borehole geophysical well
logs, designing and conducting two constant-discharge aquifer tests, and interpreting aquifer-test
data in the aquifer system in Gaza strip . The hydraulic properties of the Madison aquifer were
investigated to determine transmissivity (T) and storage coefficient (S).
The aquifer usually consists of sandstone formation. These sandstone beds in the upper part of
the formation are the most widely utilized aquifer in the study area.
Aquifer tests were conducted in the aquifer system to determine the hydraulic properties of
transmissivity (T) and storage coefficient (S). The degree of hydraulic connection to the aquifers
also was studied.
The governing equations that describe flow in unconfined aquifers have been used to determine
the hydraulic characteristics of the layered unconfined aquifer situated in the Gaza strip area. The
pumping test, which lasted for 1 years, provided a possibility to determine analytically, the values
for T; K ; S for the finite, homogeneous and anisotropic water table aquifer.

AquiferTest was used for the separate analysis of 45 wells situated at different depths and
locations from the pumping well. The effect of a highly permeable material, used for bore hole
filling, made it impossible to have a successful analysis when partially penetrating observation
wells were considered. This difficulty was overcome by considering full screening over the entire
length of the wells, to account for the increased vertical hydraulic conductivities and considering
the saturated aquifer thickness to span form the top of the initial water table to the bottom of the
aquifer.

In conclusion, AquiferTest and Hazen formula form an excellent pair for the analyses of
single or multiple pumping tests in unconfined aquifers. This report includes a summary of the
simplifying assumptions used by the applied analytical models, descriptions of the program
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variables, and instructions for constructing the necessary data-input files for program execution.
Consequently, this method is recommended for correcting previous results obtained in the analysis
of pumping test data. the results of the study, which showed the value of (k) = 18 to 55 and the
value of (T) = 150 to 2500 and the value of coefficient storage (S) = 10-4, and then been mapping
GIS for these properties and distribution Results on all areas of the Gaza Strip.

6.2 Recommendation
1.

Studies to further the knowledge of interactions in this area are vital for good water

policy and management.
2.
3.

The pumping test should be of a longer duration
A laboratory analysis on representative samples from the aquifer should be done to

ascertain the storage coefficient and the anisotropy ratio in greater detail. More accurate
values for these parameters will give better estimates for the transmissivity and hydraulic
conductivity
4.

Conduct nested piezometer aquifer tests to estimate the vertical hydraulic

conductivities of the confining layers
5.

Conduct geophysical studies

6.

Use precipitation data and water levels to create a hydrologic budget

7.

In order to better define the location of the boundary, more observation wells and

more time-drawdown data would be necessary
8.

If a coordinated effort can be set forth to minimize interference
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