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Abstract

The main source of water in Gaza Strip is the shallow aquifer which is part of
the coastal aquifer. The quality of the groundwater is extremely deteriorated in terms of
salinity. Salinization of groundwater may be caused and influenced by many variables.
Studying the relation of between these variables and salinity is often a complex and
nonlinear process, making it suitable for Artificial Neural Networks (ANN) application.

In order to model groundwater salinity in Gaza Strip using ANN it is necessary
to gather data for training purposes. Initially, it is assumed that the groundwater salinity
(represented by chloride concentration, mg/l) may be affected by some variables as:
recharge rate (R), abstraction (Q), abstraction average rate (Qr), life time (Lt),
groundwater level W1, aquifer thickness (Th), depth from surface to well screen (Dw),
and distance from sea shore line (Ds). Data were extracted from 56 wells, most of them
are municipal wells and they almost cover the total area of Gaza Strip.

The initial modeling trials were made using all input variables and many trials
were applied to get best performance model. From the created ANN models, the
importance and effect of each variables was studied and represented, also depending on
the results of ANN models some input variables were neglected and new modeling trials
are made without using neglected input variables.

After a number of trials, the best neural network was determined to be
Multilayer Perceptron network (MLP) with four layers: an input layer of 6 neurons, first
hidden layer with 10 neurons, second hidden layer with 7 neurons and the output layer
with 1 neuron. The six input neurons are: initial chloride concentration (Cl,), recharge
rate (R), abstraction (Q), abstraction average rate of area (Qr), life time (Lt), aquifer
thickness (Th). The output neuron gives the final chloride concentration (Cly).

The ANN model generated very good results depending on the high correlation
between the observed and simulated values of chloride concentration. The correlation
coefficient (r) was 0.9848. The high value of (r) showed that the simulated chloride
concentration values using the ANN model were in very good agreement with the
observed chloride concentration which mean that ANN model is useful and applicable
for groundwater salinity modeling. ANN model was successfully utilized as analytical
tool to study influence of the input variables on chloride concentration. It proved that
chloride concentration in groundwater is directly affected by abstraction (Q), abstraction
average rate (Qr) and life time (Lt). Furthermore, it was adversely affected by recharge
rate (R) and aquifer thickness (Th). Furthermore, it is utilized as simulation and
prediction tool of chloride concentration in domestic wells in Gaza Strip, the prediction
of chloride concentration will be based on some scenarios of abstraction from
groundwater. Also it will be used as a decision making support tool that suggests the
appropriate abstraction from groundwater wells comparing with the status of salinity.
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Chapter 1 Introduction

Chapter (1)
Introduction

1.1 Background

Water is essential for sustenance of life. The knowledge of the occurrence,
replenishment and recovery of potable groundwater assumes special significance in
quality-deteriorated regions, as Gaza Strip because of scarce presence of surface water.
In addition to this, unfavorable climatic condition i.e. low rainfall with frequent
occurrence of dry spells, high evaporation etc. on one hand and an unsuitable geological
set up on the other, a definite limit on the effectiveness of surface and subsurface
reservoirs. During recent years, stupendous growth of population and development of
the area has compelled the authorities to adopt management practices for better
conservation of water resources.

The main source of water in Gaza Strip is the shallow aquifer which is part of
the coastal aquifer. The quality of the groundwater is extremely deteriorated in terms of
salinity and nitrates. Salinity in the Gaza coastal aquifer is often described by the
chloride concentration in groundwater. Depending on location and hydrochemical
processes, rates of salinization may be gradual or sudden. (Metcalf and Eddy, 2000). It
is concluded from the available data that few of the Gaza’s aquifer resources meets the
World Health Organization (WHO) water standard for Chloride concentration (250
mg/l), which located primarily in the north and along the dune sand in the southwest
areas

Salinization of groundwater may be caused by a number and/or combination of
different processes, including: seawater intrusion, migration of brines from the deeper
parts of the aquifer, dissolution of soluble salts in the aquifer (water-rock interaction),
and contribution from discharges from older formations surrounding the coastal aquifer.
In addition, potential man-induced (anthropogenic) sources include agricultural return
flows, wastewater seepage, and disposal of industrial wastes (CAMP, 2000).

In addition, water quality (eg - salinization) is influenced by many factors such
as flow rate, contaminant load, medium of transport, water levels, initial conditions and
other site-specific parameters. The estimation of such variables is often a complex and
nonlinear process, making it suitable for Artificial Neural Networks (ANN) application
(Govindaraju et al., 2000).

ANN refer to computing systems whose central theme is borrowed from the
analogy of biological neural networks. They represent highly simplified mathematical
models of biological neural networks. They include the ability to learn and generalize
from examples to produce meaningful solutions to problems even when input data
contain errors or are incomplete, and to adapt solutions over time to compensate for
changing circumstances and to process information rapidly (Jain et al., 2004).

The importance of this research is to develop ANN model studying the relation
between groundwater salinity (represented by chloride concentration mg/l) and some
hydrological variables as: recharge rate (R), abstraction (Q), abstraction average rate
(Qr), life time (Lt), groundwater level (W1), aquifer thickness (Th), depth from surface
to well screen (Dw), and distance from sea shore line (Ds).

Understanding spatial relations between hydrological variables and salinity of
groundwater can contribute in an integration of water resources management. Modeling
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groundwater salinity using traditional modeling softwares such as MT3D consume a lot
of efforts and required huge quantity of data while ANN could provide an easy and
efficient tool for modeling and prediction that help in water resources management.
This research might be considered as one of the few contributions in quantitatively
modeling of the relation between groundwater salinity and the hydrological variables in
spatial scale using ANN.

1.2 Statement of the Problem

Although the safe yield of the Gaza’s aquifer is only 100 Mm/y, the Palestinian
consumption from the groundwater resources in the Gaza Strip in 2007 is about 170
Mm?/y. This implies over-pumping of about twice of the safe yield, and consequently
leads to the deterioration of the groundwater quality (PWA, 2007). Intensive
exploitation of groundwater in the Gaza Strip in the past years, has disturbed the natural
equilibrium between fresh and saline water, and has resulted in increasing salinity.

1.3 Objectives

The primary objective of this research is to develop ANN model studying the
relation between groundwater salinity represented by chloride concentration in
groundwater and some hydrological variables as: recharge rate (R), abstraction (Q),
abstraction average rate (Qr), life time (Lt), groundwater level (W1), aquifer thickness
(Th), depth from surface to well screen (Dw), and distance from sea shore line (Ds).

After that, ANN model will be utilized in many practical and theoretical
applications as follows:

e Analytical tool studying the influence of the input variables on chloride
concentration.

e Simulation and prediction tool of chloride concentration on domestic wells in
Gaza Strip.

e Decision making support tool.
1.4 Methodology

To achieve the objectives of this research, the following methodology will be
applied:

» Data gathering from relevant institution and ministries

= Revision of accessible references as books, studies, papers and researches
relative to the topic of this research which may include ANN, groundwater
hydrology and groundwater salinity on Gaza Strip.

» Data analysis using software Ms. Excel and Access softwares. The analysis is
required to construct some hundreds of data cases of input and output variables.
Data cases are considered as row material to ANN model.

* Construction ANN model utilization STATISTICA Neural Networks (SNN)
which built in STATISTICA program version 7. This step includes training,
validation and testing ANN model. The validation and testing is achieved using
SNN directly after training process.

= After testing ANN model, it is utilized in many practical and theoretical
applications. It is utilized as analytical tool to study the influence of the input
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variables on chloride concentration. Furthermore, it is utilized as simulation and
prediction tool of chloride concentration on domestic wells in Gaza Strip. Finally it
is utilized as a decision making support tool.

* SURFER program Version 8 is utilized to draw contour map of predicted
chloride concentration for study well in Gaza Strip area.

The methodology is illustrated in the flow chart in Figure (1.1)

( ™\
Data collection

|\ J
A 4

'd Y

Literature review

|\ J
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[ Data analysis ]
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[ Construction ANN model ]4—

v No
Training, calibration and testing}
ANN model J
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y

Application of ANN model

J

Drawing contour map of
chloride concentration using
SURFER program

. J

Figure (1.1): Flow chart of the research methodology

1.5 Thesis Outline
This thesis will be consist of seven chapters as follows:

Chapter One (Introduction): chapter one include a general background about
groundwater salinity and ANN follows by statement of the problem, objectives,
methodology used in order to achieve the objectives and thesis outline.

Chapter Two (Literature Review/ Groundwater Salinity): chapter two
covers a general literature review on groundwater salinity including physico-chemical
properties of salinity of groundwater, the effects and sources of groundwater salinity,
then it talks about groundwater salinity in Gaza Strip and groundwater modeling
process in Gaza strip. Finally it includes brief discussion of some available studies
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about groundwater modeling in Gaza Strip.

Chapter Three (Literature Review/ Artificial Neural Networks): chapter
three presents a general literature review on ANN including brief introduction to ANN,
history of ANN, architectures of ANN, types of ANN and then it presents the method of
building ANN. Finally it discusses some ANN applications in hydrology fields

Chapter Four (Study Area Description): chapter four describes the study area
with respect to its location, population, topography, climate and rainfall, land use
geology and hydrology.

Chapter Five (Methodology): chapter five discuses the methodology of study
including data collection and preparation, construction data matrix for ANN model and
procedural steps in building ANN model.

Chapter Six (Results and Discussion): chapter six presents characters of initial
and final ANN Model including topology, performance, regression statistics, response
presentations, sensitivity analysis of ANN. Then it presents application of ANN model
including utilization ANN model as analytical tool to study the influence of the input
variables on chloride concentration, utilization ANN model as simulation and
prediction tool of chloride concentration on domestic wells in Gaza Strip and utilization
it as a decision making support tool.

Chapter Seven (Conclusions and Recommendations): chapter seven presents

the main conclusions and recommendations of study.



Chapter 2 Groundwater Salinity

Chapter (2)
Literature Review / Groundwater Salinity

2.1 Introduction

In many countries, especially in arid and semi arid regions as Gaza Strip,
groundwater is one of the major water resources for domestic and agricultural uses.
Aquifers and the contained groundwater are inherently susceptible to pollution from
many sources (Abyaneh, 2005). Groundwater pollution can be described as degrading
of water quality for any usage. In other words groundwater pollution is a modification
of the physical, chemical and biological properties of groundwater. So, its use can be
restricted or prevented. Substances that can pollute groundwater can be divided into two
naturally occurring pollutants and pollutants produced by human activities (Sagnak,
2004). Salinity is one of the most widespread chemical pollutant of ground water. Saline
water becomes unusable not only because of the bad taste but because it affects human
health (eg. kidney function is affected by excessive salt intake) (Emmanuel et al., 2005).

Salinization may be caused by a number and/or combination of different
processes, including: seawater intrusion; migration of brines from the deeper parts of
the aquifer; dissolution of soluble salts in the aquifer (water-rock interaction); and
contribution from discharges from older formations surrounding the coastal aquifer. In
addition, potential man-induced (anthropogenic) sources include agricultural return
flows, wastewater seepage, and disposal of industrial wastes (CAMP, 2000). In
addition, water quality (eg - salinization) is influenced by many factors such as flow
rate, contaminant load, medium of transport, water levels, initial conditions and other
site-specific parameters (Govindaraju et al., 2000).

2.2 Physico-chemical Properties of Salinity of Groundwater

The salinity is closely related to the content sample chlorides. It is a particularly
important concept for sea waters, certain industrial and underground water, especially
the aquifers coastal. It definite as the sum of the solid matters in solution contained in a
water, after conversion of carbonates into oxides, oxidation of all the organic matter and
replacement of iodides and bromides by an equivalent quantity of chlorides. Chlorides,
i.e. the sum of CI-, Br -, I (Emmanuel et al., 2005).

Chloride (Cl-) is a negative ion of the element chlorine (Cl) and is widely
distributed in the environment. It is present in water, soil, rock, and many foods.
Chloride is found naturally in groundwater through the weathering and leaching of
sedimentary rocks and oils and the dissolution of salt deposits. chloride is often
attached to sodium, in the form of sodium chloride (NaCl) (NOVA, 2005).

The ions chlorides, in the Cl- shape represent one of the inorganic major anions
in water. In drinking water the salted taste produces by the presence of ion chloride
varies with the chemical composition of water; certain water containing 250 mg/L ions
Cl- associated with the Na+ cation will have a salted savour. This savour will be marked
in water containing approximately 1000 mg/L Cl associated with the dominant cations
are Ca2+ and Mg2+ (Abyaneh, 2005). In this research it was assumed that groundwater
salinity is represented by chloride concentration with unit mg/I.
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The presence of salt in fresh water modifies some physical properties (density,
compressibility, point freezing, temperature of the maximum of density). Whereas
others (viscosity, absorption of the light) are influenced little. The quantity of salt in
water directly influences electric conductivity and the osmotic pressure). The principal
physico-chemical properties related to the salinity of water can be appreciated by
measurements of the following parameters: chloride concentration, electric
conductivity, solid total dissolved (TDS). Electric conductivity and the TDS are general
indicators of salinity, in the sense that they account for the activity of all the bodies
dissolved in water. The chloride concentration is specific indicator of water according to
their content of TDS presented in Table (2.1) (Abyaneh, 2005).

Table (2.1): Classification of water according to their content of TDS
(Emmanuel et al., 2005)

Type of water TDS in mg/L
Fresh water <500
Slightly brackish water 1000 — 5000

Moderately brackish water | 5000 — 15000

Very brackish water 15000 — 35000

Sea water 35000 — 42000

2.3 The Effects of Groundwater Salinity

Chloride itself in drinking water is generally not harmful on human beings. At
concentrations higher than 250 mg/L, the sodium associated with chloride may be a
concern to people on sodium restricted diet (NOVA, 2005). Taste threshold is about
250mg/1 for most people. Therefore, public drinking water standards require chloride
levels not to exceed 250 mg/1 recommended World Health Organization (WHO) level
(WHO, 2006). The principal effects of salinity on human health are gravidic toxaemia
or preeclampsy, at the pregnant women, and hypertension (Abyaneh, 2005).
Groundwater salinity may impact badly in various ways on domestic, industrial,
community infrastructure, soils, plants and live stock especially pregnant females
(Victorian, 2005). Chloride also contribute to the total dissolved solids (TDS) in
drinking water this may affect the rate of corrosion of steel and aluminum. chloride
may cause corrosion of some metals in pipes, pumps, fixtures, and hot water heaters
(NOVA, 2005).

2.4 Sources of Groundwater Salinity

Salinity in groundwater may come from many processes such as dissolution of
rocks containing chlorides, irrigation drainage, seawater intrusion in coastal aquifers,
and salt water up coning of ancient seawater (connate water). Also, it may come from
application of fertilizers or pesticides, effluent of wastewater treatment plants and
industrial waste and from lateral movement of saline groundwater from up gradient
areas of the aquifer, or upward movement from connected aquifers. Heavy pumping led
to water level declines and changes in flow directions in the aquifers. In some cases, this
has induced saline water from the sea or deep brines, to move into and contaminate an
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aquifer (CAMP, 2000). The sources of groundwater salinity can be divided into two
naturally occurring pollutants and pollutants produced by human activities. The sources
of salinity in ground water are illustrated in Figure (2.1).

2.4.1 Naturally Occurring Groundwater Pollution
2.4.1.1 Sea Water Intrusion

In the coastal plain where surface water is not enough and groundwater is
limited, increasing water demand for tourism sector in addition to irrigation and
domestic water supply is threat for groundwater. Finally, if groundwater is
overexploited, sea water moves to the aquifer and quality of groundwater starts to
deteriorate. Salt concentration increases (Sagnak, 2004).

2.4.1.2 Geothermal Affects

The chemical composition of groundwater is determined by composition of the
materials it contacts and its duration. The longer contact period, the more minerals are
dissolved. Especially, thermal water causes bad effects for fresh groundwater. It carries
more minerals and materials deteriorating water quality. In addition this, during
geothermal activities mineral water infiltrates. This is a big thread for unconfined
aquifers (Sagnak, 2004).

2.4.1.3 Pollutants Originated From Geological Formation

Geological formation containing salt, gypsum, etc. In some groundwater basin,
there are impervious barriers between fresh water bearing formations and salty water
layers. When wrong drilling methods are used in these formations, salty water and fresh
groundwater can be mixed and quality of fresh water can be deteriorated. A balance was
established by the nature. But, in parallel to developing drilling activities, the balance
has been affected due to wrong well construction. In order to prevent this, water
movement among different aquifer systems should be studied and restricted.

2.4.2 Groundwater Pollution Produced by Human Activities

Pollution sources produced by human activities can be grouped into three
general categories. These are municipal, industrial and agricultural disposal.

2.4.2.1 Municipal Disposal

Pollution sources may be point sources or non-point sources. In developing
country, point sources are mainly municipal disposal due to fewer services such as poor
sewerage systems. Rapid and uncontrolled urbanization over the areas that have
groundwater potential is an important risk. In some areas, this may be more dangerous
because of cracks, fractures and the high capacity of permeability. Also, the volume of
municipal disposal is increasing day by day.

2.4.2.2 Industrial Disposal

Because many factories have been constructed on the aquifer systems and
unfiltered waste water has been infiltrated to groundwater, heavy metal is analyzed in
the groundwater. In order to minimize water pollution, waste water treatment plants
have to be constructed. Besides, waste water should be stored in the waste water dam.
So, seepage to the aquifer should be prevented or after treatment polluted water can be
conveyed to disposal area.

2.4.2.3 Agricultural Pollutants
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The use of pesticide and fertilizer is growing due to agricultural activities. This
causes pollution. To prevent pollution, negatives affect of that activities should be
controlled. Especially, groundwater recharge area must be estimated and the usage of
chemicals must be prohibited in that area. In terms of areal extent, agriculture is one of
the most widespread human activities (Sagnak, 2004).
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Figure (2.1): The sources of salinity in ground water (Phillips, 2005)

2.5 Groundwater Salinity in Gaza Strip

Gaza Strip is one of the places where the exploitation level of recourses exceeds
the carrying capacity of the environment. This is especially true for the water and land
resources, which are under high pressure and subject to sever over exploitation,
pollution and degradation. Quality of the groundwater is a major problem in Gaza strip.
The aquifer is highly vulnerable to pollution. The domestic water is becoming more
saline every year and average chloride concentrations of 500 mg/l or more is no longer
an exception. Most of the public water supply wells don’t comply with the drinking
water quality standards and concentrations of chloride and nitrate of the water exceed
the World Health Organization (WHO) standards in most drinking water wells of the
area and represent the main problem of groundwater quality. Over pumping of
groundwater and salt water intrusion are the main reasons behind high chloride
concentration (CAMP, 2000). Ground water is the only source of water in Gaza Strip,
and many estimation of the annual groundwater recharge in the Gaza Strip have been
mentioned in different references. Although different values for this recharge are given,
all of these references agree on one fact, that the annual recharge is less than the
abstracted quantities for along time, resulting in a serious mining of the groundwater
resources and a net deficit of about 60 Million cubic meter (MCM)/year (CMWU,
2007). The deficit in the water balance has led to depletion and salinization of the
available groundwater resources (PWA, 2005).



Chapter 2 Groundwater Salinity

These processes deteriorated the water quality till it reached in many areas a
point that it couldn’t be used for drinking or even for irrigation It is clearly noticed that
the chloride concentration increases significantly over all Gaza Strip especially in
southern east and middle area. The best water quality is found in the sand dune areas in
the north, mainly in the range of 50 — 250 mg/l. Figures (2.2) and (2.3) present average
chloride concentration of pumped Groundwater of Gaza Strip for the year 2002 and
2007.

*

3

Chioride Concentration fmg/)
year 2002

Chloride Concentration

| Chloride Conc. Legend {mgiL)
U - 250 mgr
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500 - 750 mg!l

[ ] ‘;JC :ZZUTFQI
Il Greater than 1500 mgil
Figure (2.2): Average chloride Figure (2.3): Average chloride concentration
concentration of pumped groundwater of of pumped groundwater of Gaza Strip for
Gaza Strip for the year 2002 (PWA, 2003) the year 2007 (CMWU, 2007)

2.6 Groundwater Modeling

In recent years, groundwater modeling has become a principal part of many
projects and studies dealing with groundwater exploitation, protection and remediation.
Therefore, the groundwater model is considered as a best management tool for water
resources; aims to regulate and optimize annual groundwater extraction without
adversely impacting groundwater. This new technique is based on assumptions and
approximations that simplify the actual system and cannot simulate exactly the inherent
complexity of the hydrogeological framework. Therefore, the results of the any model
simulation are only an approximation or and expectation of actual conditions and are
only as accurate or realistic as the assumptions and data used in its development (PWA,
2005).

2.6.1 Groundwater Modeling in Gaza Strip

Since its establishment in 1995, Palestinian Water Authority (PWA) has forced
to use this modern technique in water resources management program in order to
simplify the complex hydrogeologic situation of groundwater aquifers and tries to
understand the water regime within the entire aquifers. The ultimate goals of the (PWA)
is to produce a long-term management plan that will provide rational and practical tools
for management of groundwater extraction in Gaza Strip and West Bank aquifers and to
identify the most potential zones that are suitable for future development (PWA, 2005).

9
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In recognition the worsening situation of the water in Gaza Strip, PWA and
United State Agency for International Development (USAID) have jointly developed
the implementation of an Integrated Aquifer Management Plan (IAMP). The IAMP
presented overall planning guidelines for water supply and usage through year 2020. As
a result to this jointly, new model depending on Coupled Flow-Transport Modeling
Code (DYNCFT) was conducted to simulate the effect of IAMP. DYNCFT is a model
able to simulate 3-dimensional contaminant transport with dispersion and first-order
decay and/or linear equilibrium adsorption. Conservative constituents (such as chloride
and tritium) may be simulated as well. DYNCFT is based on the Lagrangian approach
('Random Walk" method for statistically significant number of particles, each particle
having an associated weight, decay rate, and retardation). DYNCEFT can also be used for
transport modeling of dissolved contaminants, without variable density fluids. With the
existing model PWA has an added capability to manage its resource, and equally
importantly, to demonstrate what will happen if required investment are not made (Moe
etal., 2001).

There are some researchers attempted to model the groundwater in Gaza Strip.
Aish (2004) used GIS and MODFLOW in Artificial Recharge Modeling of the Gaza
Coastal Aquifer. This research work investigates the first phase of a feasibility study on
the impact of artificial recharge from a planned wastewater treatment plant on the
groundwater quantity and quality of the coastal aquifer in the Gaza Strip. In the analysis
of the results, the 100 mg/1 of solute will be considered as the reference concentration
(100% injected water) and the simulated concentration in the aquifer will be expressed
relative to this value. The results indicate that 90% of the infiltrated water will be mixed
with the aquifer water after 1 year beneath the recharge area with decreasing
percentages in the surrounding area (Aish, 2004).

Ghabayen (2004) developed a model using Bayesian belief networks (BBNs),
for Identification of salinity origin. The BBN model incorporates the theoretical
background of salinity sources, area specific monitoring data that are characteristically
incomplete in their coverage, expert judgment, and common sense reasoning to produce
a geographic distribution for the most probable sources of salinization. The model
showed areas where additional data on chemical and isotopic parameters are needed to
understand the contribution of each of these sources to the problem. The model has
successfully identified areas where seawater intrusion, deep brines, wastewater leakage,
agricultural return flows, and Eocene waters exist with high probability. It has also
identified areas where there is missing information or incomplete data especially in the
eastern part of the coastal aquifer outside Gaza Strip (Ghabayen et al., 2004).

Qahman (2004) achieve a numerical assessment of seawater intrusion in Gaza
Strip by applying a 3-D variable density groundwater flow model. A two-stage finite
difference simulation algorithm was used in steady state and transient models.
SEAWAT computer code was used for simulating the spatial and temporal evolution of
hydraulic heads and solute concentrations of groundwater. A regular finite difference
grid with a 400 m* cell in the horizontal plane, in addition to a 12-layer model were
chosen. The model has been calibrated under steady state and transient conditions.
Simulation results indicate that the proposed schemes successfully simulate the
intrusion mechanism. Two pumpage schemes were designed to use the calibrated model
for prediction of future changes in water levels and solute concentrations in the
groundwater for a planning period of 17 years. The results show that seawater intrusion
would worsen in the aquifer if the current rates of groundwater pumpage continue. The
alternative, to eliminate pumpage in the intruded area, to moderate pumpage rates from
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water supply wells far from the seashore and to increase the aquifer replenishment by
encouraging the implementation of suitable solutions like artificial recharge, may limit
significantly seawater intrusion and reduce the current rate of decline of the water levels
(Qahman et al., 2004).

Barakat (2005) developed a model to find optimal values of water quantities
from different resources in in the southern Gaza Strip. Visual Modflow (VMF) and its
integrated modules, was developed to quantify, and analyze the raw input data. Many
scenarios for domestic supply and demand reconfiguration are introduced. Genetic
algorithm (GA) is used as a global optimization method, to find optimal values of water
quantities from different resources. The resulted optimal values for water quantities
were introduced into the groundwater model to predict water level contour maps in the
next years (Barakat, 2005).

The use of ANN in groundwater quality modeling in Gaza Strip doesn’t found in
large scale, Till now, only one researcher used it. Al Mahalawi used ANN in Modeling
Groundwater Nitrate Concentration of the Gaza Strip (Mahalawi, 2007). My new
research (Groundwater Salinity Modeling Using Artificial Neural Networks - Gaza
Strip case study) might be considered as one of the few contributions in quantitatively
modeling of the relation between groundwater salinity and the hydrological variables in
spatial scale using ANN.

11
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Chapter (3)

Literature Review/Artificial Neural Networks

3.1 Introduction to Artificial Neural Networks

ANN refer to computing systems whose central theme is borrowed from the
analogy of biological neural networks. They represent highly simplified mathematical
models of biological neural networks. They include the ability to learn and generalize
from examples to produce meaningful solutions to problems even when input data
contain errors or are incomplete, and to adapt solutions over time to compensate for
changing circumstances and to process information rapidly (Jain et al., 2004).

The brain consists of a large number of neurons, connected with each other by
synapses. These networks of neurons are called neural networks, or natural neural
networks. ANN is a simplified mathematical model of a natural neural network. ANN
are a new information-processing and computing technique inspired by biological
neuron processing (Lee et al., 1998). The human brain provides proof of the existence
of massive neural networks that can succeed at those cognitive, perceptual, and control
tasks in which humans are successful. The brain is capable of computationally
demanding perceptual acts (e.g. recognition of faces, speech) and control activities (e.g.
body movements and body functions). The advantage of the brain is its effective use of
massive parallelism, the highly parallel computing structure, and the imprecise
information-processing capability. The human brain is a collection of more than 10
billion interconnected neurons. Each neuron is a cell that uses biochemical reactions to
receive, process, and transmit information (Ajith, 2005). Figure (3.1) presented
mammalian neuron.

A | " Soma -
Dendrites | - —
\-\._l'—'-\.__\_\_ .--_z-\-\.__\_ -

e { Mucleus

| -. .
- /\ l: k\'\kh
.l'l .-"-- ". || ! --.i
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Figure (3.1): Mammalian neuron (Ajith, 2005)

Treelike networks of nerve fibers called dendrites are connected to the cell body
or soma, where the cell nucleus is located. Extending from the cell body is a single long
fiber called the axon, which eventually branches into strands and sub strands, and are
connected to other neurons through synaptic terminals or synapses. The transmission of
signals from one neuron to another at synapses is a complex chemical process in which
specific transmitter substances are released from the sending end of the junction. The
effect is to raise or lower the electrical potential inside the body of the receiving cell. If
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the potential reaches a threshold, a pulse is sent down the axon and the cell is ‘fired’
(Ajith, 2005).

Artificial neurons connected together form a network. The structure of ANN is,
as rule, layered. Three functional group can be distinguished in the ANN ie the inputs
receiving signals from the network’s outside and introducing them into its inside, the
neuron which process information and the neurons which generate results. A model of
the artificial neuron is shown in the Figure (3.2). The model include N inputs, one
output, a summation block and an activation block (Hola and Schabowicz, 2005).

activation
~ block

y=F(v)

Figure (3.2): Model of artificial neurons (Hola and Schabowicz, 2005)

ANN is an informational system simulating the ability of a biological neural
network by interconnecting many simple artificial neurons . The neuron accepts inputs
from a single or multiple sources and produces outputs by simple calculations,
processing with a predetermined non-linear function (Jeng et al., 2003).

The network topology consists of a set of nodes (neurons) connected by links
and usually organized in a number of layers. Each node in a layer receives and
processes weighted input from a previous layer and transmits its output to nodes in the
following layer through links. Each link is assigned a weight, which is a numerical
estimate of the connection strength. The weighted summation of inputs to a node is
converted to an output according to a transfer function .

Most ANN has three layers or more: an input layer, which is used to present data
to the network; an output layer, which is used to produce an appropriate response to the
given input; and one or more intermediate layers, which are used to act as a collection
of feature detectors. Determination of appropriate network architecture is one of the
most important, but also one of the most difficult, tasks in the model-building process.
Unless carefully designed an ANN model can lead to over parameterization, resulting in
an unnecessarily large network (Sudheer et al., 2002). Figure (3.3) demonstrated
schematic description of a general ANN model of three layers.
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Figure (3.3): Schematic description of a three layer ANN and of the elements of its
(mathematical) neurons (Claudius et al., 2005)

3.2 History of Artificial Neural Networks

A first wave of interest in ANN emerged after the introduction of simplied
neurons by McCulloch and Pitts in 1943. These neurons were presented as models of
biological neurons and as conceptual components for circuits that could perform
computational tasks (Krose et al., 1996).

Hebb's book, 1949 presented the physiological learning rule for synaptic
modification for the first time. Hebb proposes that the connectivity of the brain is
continually changing as an organism learns differing functional tasks, and that neural
assemblies are created by such changes. Rosenblatt 1958 introduced Perceptron which
is novel method of supervised learning using perceptron convergence theorem. When
Minsky and Papert published their book Perceptrons in 1969 (Minsky & Papert, 1969)
in which they showed the deficiencies of perceptron models, most neural network
funding was redirected and researchers left the field. Only a few researchers continued
their efforts, most notably Teuvo Kohonen, Stephen Grossberg, James Anderson, and
Kunihiko Fukushima (Krose et al., 1996).

The interest in neural networks re-emerged only after some important theoretical
results were attained in the early eighties (most notably the discovery of error back-
propagation), and new hardware developments increased the processing capacities. This
renewed interest is reflected in the number of scientists, the amounts of funding, the
number of large conferences, and the number of journals associated with neural
networks (Krose et al., 1996).

Hopfield, 1982 showed how to use store information in dynamically stable
networks. His work paved the way for physicists to enter neural modeling , thereby
transforming the field of neural networks. Rumelhart, Hinton, and Williams 1986
developed the back-propagation algorithm, the most popular learning algorithm for the
training of multilayer perceptrons. It has been the workhorse for many neural network
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applications at that time. Since the late 1980s, ANN has been used successfully to
model a variety of different functions. The network is able to learn these functions
intelligently through an automatic training process (Lee et al., 1998).

Over the past decade, ANN has become increasingly popular in many
disciplines as a problem solving tool. ANN have the ability to solve extremely complex
problems with highly non-linear relationships. ANN’s flexible structure is capable of
approximating almost any input-output relationships. Particularly ANN have been
extensively used as a predicting and forecasting tool in many disciplines (Rajanayaka et
al. , 2001). Nowadays most universities have a ANN group, within their psychology,
physics, computer science, or biology departments (Krose et al., 1996).

3.3 Architectures of Artificial Neural Network

There are many ANN architectures, this property give ANN ability to solve a
deferent models of data.

3.3.1 Simple Neuron (a single scalar input)

The central idea of ANN is that such parameters (weight, w & bias, b) can be
adjusted in each training iterations. The neuron may be with or without bias.

3.3.1.1 Neuron Without Bias

The scalar input p is transmitted through a connection that multiplies its strength
by the scalar weight w, to form the product wp, again a scalar. f is a transfer function
(typically a step function or a sigmoid function). A neuron without bias is shown in
Figure (3.4).

Input  Neuron without bias

'Y N\

r . W i ’ ’f a ’

—/\ J
a=flwp)

Figure (3.4): Neuron without bias (Matlab, 1994)

3.3.1.2 Neuron With Bias

This neuron has a scalar bias, b (is not an input) as simply being added to the
product wp. A neuron with bias is shown in Figure (3.5).
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Input  Neuron with bias
r N7 N

P. u"z ”’f a’
lb

(N A N J
a=finp+b)

Figure (3.5): Neuron with bias (Matlab, 1994)

3.3.2 Neuron With Vector Input

A neuron with a single R-element input vector is shown in Figure (3.6).

Input MNeuron w Vector Input

r N7 Y
Where. ..
1r:,‘J.
P, ; a R = number of
P, M/ » elements in
: : input vector
pE
/X J

a=fiwp +b)
Figure (3.6): Neuron with Vector Input (Matlab, 1994)

Here the individual element inputs
P1P,...Pr

Are multiplied by weights

Wi11,W12,...W1R

Their sum is simply Wp, the dot product of the (single row) matrix W and the
vector p.

The neuron has a bias b, which is summed with the weighted inputs to form the
net input , n .

n=Wwjp, P, + Wi P, + ..+ Wi R Pr + b

3.3.3 Layers of Neurons

3.3.3.1 Perceptron Network

A one-layer network with R input elements and S neurons called perceptron
network. In this network, each element of the input vector p is connected to each neuron
input through the weight matrix W. A layer is not constrained to have the number of its

inputs equal to the number of its neurons. The neuron layer outputs form a column
vector a.
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The need is to make a distinction between weight matrices that are connected to
inputs and weight matrices that are connected between layers. Weight matrices
connected to inputs are called input weights. Weight matrices coming from layer
outputs are called layer weights. Perceptron Network is shown in Figure (3.7).

Input Layer of Neurons

Where ...

R =number of
elements in
input vector

S =number of
neurons in layer

Figure (3.7): Perceptron network (Matlab, 1994)

3.3.3.2 Multiple Layers of Neurons

A network can have several layers. Each layer has a weight matrix W, a bias
vector b, and an output vector a. the three-layer network shown in Figure (3.8). The
layers of a multilayer network play different roles. A layer that produces the network
output is called an output layer. All other layers are called hidden layers. The three-
layer network shown in Figure (3.8) has one output layer (layer 3) and two hidden
layers (layer 1 and layer 2).

Input Layer 1 Layer 2
A\ I A
al {u-lll . nfl 2
A H—A S~
b:
l 1
alj n:
A= DN L A
: l te
: 1’
a‘SJ n
ﬂ w2t Zb‘ > f?-

ar=f1 (TWip +h 1) a: = f2(LWaia1+ba) a3 =f3 (LWi2a1 +h3)

a3 =3 (LW32 £2 (LWL (TWiip +b 1)+ b2)+b3)

Figure (3.8): Multiple Layers of Neurons (Matlab, 1994)
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3.4 Artificial Neural Networks Learning

There are several types of ANN learning. Supervised and unsupervised learning
probably being the most important. In general, an ANN learns or is trained by adjusting
the connection weights parameters, that link the neurons.

For classification and regression tasks supervised learning is used , where the
available data set consists of corresponding input and output values representing a
characteristic pattern or underlying functional behaviour. This data set is the so-called
training set. The adaptation of the weights is carried out by an optimization algorithm
that tries to minimize a difference or error measure between the ANN output based on
the training set input values and their corresponding training set output value(s)
(Govindaraju et al., 2000).

In unsupervised learning, the training of the network is entirely data-driven and
no target results for the input data vectors are provided. ANN of the unsupervised
learning type, such as the self-organizing map, can be used for clustering the input data
and find features inherent to the problem. Unsupervised learning allegedly involves no
target values. In fact, for most varieties of unsupervised learning, the targets are the
same as the inputs (Sarle, 1994). In other words, unsupervised learning usually performs
the same task as an auto-associative network, compressing the information from the
inputs (Deco and Obradovic, 1996).

3.5 Types of Artificial Neural Networks

When Neural networks are trained, a particular input leads to a specific target
output. Such a situation is shown Figure (3.9) There, the network is adjusted, based on a
comparison of the output and the target, until the network output matches the target.
Typically many such input/target pairs are used, in this supervised learning, to train a
network.

Meural Network
g INcluding connections

(called weights)
Input between neurons Output

Compare

Adjust
weights

Figure (3.9): Neural Network Mechanism (Matlab, 1994)
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The network adopts as follows, change the weight by an amount proportional to
the difference between the desired output and the actual output. As an equation

Delta W; =L * (D-Y).I;
Where L is the learning rate, D is the desired output, and Y is the actual output.

This is called the Perceptron Learning Rule, and goes back to the early 1960's.
Back-Propagation (BP) witch sometimes known as multi-layer perceptrons (MLP) and
Radial Basis Function Networks (RBF) are both well-known developments of the Delta
rule for single layer networks that is a development of the Perceptron Learning Rule.
There are many other methods of training as the Generalized Regression Neural
Networks (GRNN) and Hopfield Networks. In this study only (MLP) and (RBF) were
used in modeling process.

3.5.1 The Back Propagation (BP) Method

Back Propagation (BP) witch sometimes known as multi-layer perceptrons
(MLP) distinguishes itself by the presence of one or more hidden layers, whose
computation nodes are correspondingly called hidden neurons of hidden units. The
function of hidden neurons is to intervene between the external input and the network
output in some useful manner. By adding one or more hidden layers, the network is able
to extract higher order statistics. In a rather loose sense, the network acquires a global
perspective despite its local connectivity due to the extra set of synaptic connections and
the extra dimension of the network interconnections (Haykin, 1994).

The ability of hidden neurons to extract higher order statistics is particularly valuable
when the size of the input layer is large. The source nodes in the input layer of the
network supply respective elements of the activation pattern (input vector), which
constitute the input signals applied to the neurons (computation nodes) in the second
layer (i.e., the first hidden layer). The output signals of the second layer are used as
inputs to the third layer, and so on for the rest of the network. Typically, the neurons in
each layer of the network have as their inputs the output signals of the preceding layer
only. The set of the output signals of the neurons in the output layer of the network
constitutes the overall response of the network to the activation patterns applied by the
source nodes in the input (first) layer. (BP) are trained using the Levenberg—Marquardt
optimization technique. Throughout all (BP) simulations, the learning rate and the
momentum rate parameters were taken adaptively (Cigizoglu et al. , 2007). Generally
the Figure (3.8) show the Architectures of back propagation method.

Training BP Networks

The weight change rule is a development of the perceptron learning rule.
Weights are changed by an amount proportional to the error at that unit times the output
of the unit feeding into the weight. Running the network consists of

1- Forward pass:
The outputs are calculated and the error at the output units calculated.
2- Backward pass:

The output unit error is used to alter weights on the output units. Then the error
at the hidden nodes is calculated (by back-propagating the error at the output units
through the weights), and the weights on the hidden nodes altered using these values.
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For each data pair to be learned a forward pass and backwards pass is
performed. This is repeated over and over again until a given number of epochs elapse,
or when the error reaches an acceptable level, or when the error stops improving (you
can select which of these stopping conditions to use).

3.5.2 The Radial Basis Function-Based Neural Networks (RBF)

RBF were introduced into the neural network by Broomhead and Lowe in 1988.
The RBF consists of two layers whose output nodes form a linear combination of the
basis functions. The basis functions in the hidden layer produce a significant non-zero
response to input stimulus only when the input falls within a small localized region of
the input space. Hence, this paradigm is also known as a localized receptive field
network.

Transformation of the inputs is essential for fighting the curse of dimensionality
in empirical modeling. The type of input transformation of the RBF is the local
nonlinear projection using a radial fixed shape basis function. After nonlinearly
squashing the multi-dimensional inputs without considering the output space, the radial
basis functions play a role as regressors. Since the output layer implements a linear
regressor the only adjustable parameters are the weights of this regressor. These
parameters can therefore be determined using the linear least square method, which
gives an important advantage for convergence (Cigizoglu et al. , 2007).

Radial basis networks consist of two layers: a hidden radial basis layer of S'

neurons, and an output linear layer of S* neurons as shown in Figure (3.10).

Input Radial Basis Layer Linear Layer o
S ere. .
r - N h R =number of
sixk | IWLL elements in
input vector
Sixl al -y
X N}
=yt I B g 5P sl=number of
" N P neurons in
s layer 1
1—p{ bt 19| be
R 5lx1 sl 5§21 52 SE =number of
\_/ \ J \ J neurons in
al=radbas (I TWu-p Il b]) 2= purelin(LW21 ai+b2) layer 2

alis it element of a: where  IWuiis a vector made of the / 1 row of IWL.

Figure (3.10): Radial Basis function Networks (Matlab, 1994)
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3.6 Building Artificial Neural Networks

One of the critical issues in training the ANN model is to select input variables
that are highly correlated with studied problem. The choice of variables (at least
initially) is guided by intuition. Understanding and expertise in the problem domain and
conditions gives initially idea of which input variables are likely to be influential. Once
in ANN, variables can be selected and deselect, and ANN can also determine useful
variables (Jiang and Cotton, 2004).

After selecting variables, the following procedure must be achieved to build any
Artificial neural networks

e Determine the network properties:

The network topology (connectivity), the types of connections, the order of
connections, and weight range.

e Determine the node properties:
The activation range and the activation (transfer) function.
e Determine the system dynamics:

The weight initialization scheme, the activation-calculating formula, and the
learning rule.

e Determine the topology of a neural network:

The topology of a neural network refers to its framework as well as its
interconnection scheme. The number of layers and the number of neuron (or nodes)
per layer often specify the framework. The types of layers include in the network
are:

1- The input layer:

The nodes in it are called input units, which encode the instance data presented
to the network for processing. For example, each input unit may be designated
by an attribute value possessed by the instance.

2- The hidden layer:

The nodes in it are called hidden units, which are not directly observable and
hence hidden , They provide nonlinearities for the network.

3- The output layer:

The nodes in it are called output units, which encode possible concepts (or
values) to be assigned to the instance under consideration. For example, each
output unit represents a class of objects.

A random sample of neural network that contain of three layers: an input layer
of 4 neurons, one hidden layer of 7 neurons and an output layer of 1 neuron, as
shown in Figure (3.11).
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P, P, P; P4 Input
data

The input layer

The hidden layer

Figure (3.11): Random sample of neural network

In most situations, there is no way to determine the best number of hidden units without
training several networks and estimating the generalization error of each. If you have
too few hidden units, you will get high training error and high generalization error due
to underfitting and high statistical bias. If you have too many hidden units, you may get
low training error but still have high generalization error due to overfitting and high
variance. So the best number of hidden layers depends in a complex way on:

e The numbers of input and output units.

e The number of training cases.

The amount of noise in the targets.

The complexity of the function or classification to be learned.
The architecture of neural network

The type of hidden unit activation function.

The training algorithm.

3.7 Artificial Neural Networks applications in Hydrology

Over the past decade, ANN has become increasingly popular in many
disciplines as a problem solving tool. ANN has the ability to solve extremely complex
problems with highly non-linear relationships. ANN’s flexible structure is capable of
approximating almost any input-output relationships. Particularly ANN have been
extensively used as a predicting and forecasting tool in many disciplines (Rajanayaka et
al., 2001). Hydrologists are often confronted with problems of prediction and estimation
of runoff, precipitation, contaminant concentrations, water stages, and so on most
hydrologic processes exhibit a high degree of temporal and spatial variability and are
further plagued by issues of nonlinearity of physical processes, conflicting spatial and
temporal scales, and uncertainty in parameter estimates.

22



Chapter 3 Artificial Neural Networks

Our understanding in many areas is far from perfect, so that empiricism plays an
important role in modeling studies. Hydrologists attempt to provide rational answers to
problems that arise in design and management of water resources. An attractive feature
of ANN is their ability to extract the relation between the inputs and outputs of a
process, without the physics being explicitly provided to them. They are able to provide
a mapping from one multivariate space to another, given a set of data representing that
mapping. Even if the data is noisy and contaminated with errors, ANN has been known
to identify the underlying rule. These properties suggest that ANN may be well-suited
to the problems of estimation and prediction in hydrology (Govindaraju et al., 2000).

Applications of ANN to hydrology are rapidly gaining popularity due to their
power and potential in mapping nonlinear system data The neural network technology
has provided many promising results in the field of hydrology and water resources
simulation. In recent years, ANN has found a number of applications in the area of
water quality modeling (Govindaraju et al., 2000). Applications of ANN to hydrology
are rapidly gaining popularity due to their power and potential in mapping nonlinear
system data (Jain et al., 2004).

In recent years, ANN has provided many promising results in the field of
hydrology. ANN was used in many hydrologic applications as rainfall forecasting
(Hung et al., 2008), rainfall-runoff relationship (Junsawang et al., 2007), Evaporation
modeling ( Sudheer et al., 2002), and improving air temperature prediction (Smith et al.,
2005).

The artificial neural network ANN, would seem to be a useful for modeling the
most of water resources issues. The ANN are efficiency applicated in river flow
prediction, in the rainfall-runoff relationship, in rainfall estimation, in various
groundwater problems and many other applications (Cigizoglu, 2000) ANN also was
applied in groundwater problems as simulating pumping index for hydraulic
conductivity realization to remediate groundwater under uncertainty, modeling water
table depth fluctuations (Rajanayaka et al., 2001) and estimation soil moisture (Jiang et
al., 2004).

3.8 Artificial Neural Networks applications in Groundwater Quality
Modeling

It is difficult to separate groundwater quality modeling and other hydrology
modeling as different sections. Many articles have addressed both these topics to some
extent. In recent years, ANN has found a number of applications in the area of water
quality modeling. Water quality is influenced by many factors such as flow rate,
contaminant load, medium of transport, water levels, initial conditions and other site-
specific parameters. The estimation of such variables is often a complex and nonlinear
problem, making it suitable for ANN application. There are several instances where
ANN has been used to address groundwater quality related issues. For instance,

Sandhu and Finch (1996) used ANN to relate flow conditions and gate positions
in the Sacramento San Joaquin Delta to salinity levels in the interior and along the
boundary of the delta. ANN were further used to estimate flow in the Sacramento River
to meet salinity standards. Sandhu and Finch (1996) found simulation models too slow
and the commonly used statistical models to be inadequate, and they concluded that
neural networks would be suitable for this application. Historical flows from various
gauging stations and gate positions served as inputs to the network. Total dissolved
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solids concentrations data for 20 years were available as network output. In their
preliminary work, the authors used the data from 1980-1990 for calibration, and the
data from 1971-1980 for validation. Future plans include more rigorous testing of
neural networks for salinity predictions (Sandhu and Finch, 1996).

Rogers and Dowla (1992) employed an ANN, which was trained by a solute
transport model, to perform optimization studies in ground-water remediation. They
investigated hypothetical scenarios of one or several contaminant plumes moving
through a groundwater region with a number of pumping wells. The wells could be on
or off. The goal of remediation was to keep contamination concentration in some
specified monitoring wells lower than the regulatory limit. The optimization arises in
trying to minimize the total volume of pumping. A multilayer feed forward ANN was
trained using the back-propagation training algorithm (Rogers and Dowla, 1994).

Morshed and Kaluarachchi (1998) used an ANN to estimate the saturated
hydraulic conductivity and the grain size distribution parameter for application in the
problem of free product recovery. They also concluded that the search process in the

parameter space could be accelerated when the ANN was guided by a genetic algorithm
(Morshed and Kaluarachchi, 1998).

Ray and Klindworth (1996) lay a blueprint for addressing the problem of
agriculture chemical assessment in the rural private wells in Illinois using neural
networks. They envisioned that important inputs would be depth to the aquifer material,
well depth, land topography in the vicinity of the well, distance of potential contaminant
sources from the well, and timing of precipitation with respect to pesticide application.
They also discussed how data would be collected for such an application and
commented about the utility of ANNSs in such applications (Ray and Klindworth, 1996).

The use of ANN in groundwater quality modeling at Gaza Strip doesn’t found in
large scale, Till now, only one researcher used it. Al Mahalawi used Artificial Neural
Network in Modeling Groundwater Nitrate Concentration of the Gaza Strip (Mahalawi,
2007). This research - Groundwater Salinity Modeling Using Artificial Neural
Networks Gaza Strip case study - might be considered as one of the few contributions in
quantitatively modeling of the relation between groundwater salinity and the
hydrological variables in spatial scale using ANN.
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Chapter (4)
Study Area Description

4.1 Location and Population

The Gaza Strip is a narrow strip of land on the Mediterranean coast. It is situated
in the southeastern coast of Palestine with longitudes of 34:21:38 E and Latitudes of
31:29:45 N. The area is bounded by the Mediterranean in the west, the 1948 cease-fire
line in the north and east and by Egypt in the south The total area of the Gaza Strip is
365 km” with approximately 40 km long and the width varies from 8 km in the north to
14 km in the south (UNEP, 2003). Figure (4.1) showed regional and location map of
Gaza Strip.

In 1948, the Gaza Strip had a population of less than 100,000 people. By 2007,
approximately 1.4 million Palestinians lived in the Gaza Strip, of whom almost one
million were refugees. The current population is estimated to be in excess of 1.5
million, distributed across five Governorates. Gaza City, which is the biggest
governorate, has about 400,000 inhabitants (UNEP, 2009). The estimated annual growth
rate in Gaza Strip in 2007 is 3.8%. Table (4.1) presented the estimates of the population
number and growth rate in Gaza Strip from 1997 to 2015 (PCBS, 2007).

Table (4.1) : The revised estimates of the population projection in Gaza Strip

(PCBS, 2007)

Year Mid Year Growth Year Mid Year Growth

Population Rate (%) Population | Rate (%)
1997 995,522 4.3 2007 1,499,369 3.8
1998 1,039,528 4.4 2008 1,556,201 3.7
1999 1,086,970 4.5 2009 1,614,018 3.6
2000 1,137,990 4.6 2010 1,672,785 3.5
2001 1,188,130 4.0 2011 1,732,438 3.5
2002 1,236,372 4.0 2012 1,792,895 3.4
2003 1,286,109 3.9 2013 1,854,353 3.3
2004 1,337,236 3.9 2014 1,917,019 33
2005 1,389,789 3.8 2015 1,980,825 3.2
2006 1,443,814 3.8

4.2 Topography

Gaza Strip i1s a coastal foreshore plain gradually sloping westward toward the
sea allowing for surface run-off to rein filtrates 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).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 (4.2).
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Figure (4.1): Regional and location map of Gaza Strip (UNEP, 2009)
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Figure (4.2): Topographical map of Gaza Strip
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4.3 Climate and Rainfall
4.3.1 Climate

Gaza Strip area has a characteristically semi-arid mediterranean sea climate. It is
located in transitional zone between a temperate mediterranean climate to the west and
north, and the arid Negev and Sinai deserts to the east and south and there are two
distinct seasons; cool and relatively wet season (October-March), and hot and dry
season (April-September). The average daily temperature in the Gaza Strip ranges from
26°C in summer to 12°C in winter with the average daily maximum temperature range
from 29°C tol17°C ,and the minimum temperature range from 21°C to 9°C, in the
summer and winter respectively. The daily relative humidity of this coastal area ranges
from 65% to 85%in summer and from 60% to 80% in winter in the day time and at
night respectively (GMS, 2005).

The wind velocity with northwest direction at 2 meter above the surface in the
summer is about 1.5 m s , which is less than that’s during winter months where
velocity reaches values of 2.8 m s™ (Haeyer, 2000).

The mean daily evaporation is variable during the year, where it ranges from
about 2.1 mm/d, in December to 6.3 mm/d in July. The high potential evaporation is
primarily related to high solar radiation incident over the strip at 190 kg-
calories/cm®/year (U.S. National academy of Sciences, 1999). The generally cloudless
summer months (April through September) and consequently open water evaporation is
high in the summer, accounting for as much as 70 % of the annual total evaporation
(GMS, 2005).

4.3.2 Rainfall

Rainfall is one of the most important parts of the water resource. It is an
essential component of scientific investigation of the hydrologic cycle. The pattern, the
amount beside the intensity of rainfall are the most important factors that directly affect
to groundwater balance and replenishment in the Gaza Strip, rainfall is the main source
of groundwater recharge area. The area is located in the semi-arid zone and there is no
source of recharge other than rainfall therefore a detailed knowledge of rainfall regime
and its distribution is a perquisite for water resources planning and management in Gaza
Strip.

In Gaza Strip there are 12 manual rainfall stations distributed through different
governorates as shown in Figure (4.3). Data from these stations are collected on a daily
basis, these stations are operated by ministry of agriculture and data obtained from these
stations are entered manually in Palestinian water authority database. The rainfall
occurs in the winter period, which is between Octobers to March; and the mean annual
rainfall varies 350-400 mm/year. The period for June to September is dry with no
rainfall therefore the rainfall is the main source of almost all water in this area (GMS,
2005).

In the 2006-2007 season, average rainfall depth over Gaza Strip area is
estimated about 364.7 mm with total amount 133.1 MCM received through 46 rainy
days. Despite of the small area of Gaza Strip (365km®), the level of rainfall varies
significantly from one area to the next with an average seasonal rainfall of 521.9 mm in
north area (north governorate), to 225 mm in the southern area (Rafah Governorate) as
shown in Figure (4.3) (PWA, 2007).
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A

Figure (4.3): The rainfall depth in Gaza Strip

for 2006-2007 season (PWA, 2007)

4.4 Land Use

Land is one of the main scar natural resources in the Gaza Strip. Land is one of the
primary natural resources in the Gaza Strip so land ownership is the major factors that
play a role in any development plan. The major part of the Gaza Strip land is owned by
the private sector. Figure (4.4) presented land use in Gaza Strip and Figure (4.5)
presented the proposed future land use distribution in 2015.

The distribution of the proposed land use within the Gaza Strip per type of use
for the year 2004 is illustrated in Table (4.2) derived from the study carried out by
Ministry of Local Governorates (MOLG). Agriculture and assisting agriculture lands
occupies about 47.5% of the land surface and the residential area represented 24%,
public building 2.1%, where the main and secondary roads represented about 7.64% of
the land surface.

Table (4.2): Proposed land use distribution in Gaza Strip in 2004 (MOLG, 2004)

Type of Use Area (km?) | Area %
Main and Secondary Roads 27.875 7.64 %
Public Building 7.675 2.10 %
Residential Areas 87.745 24.04 %
Industrial Area 12.445 3.41 %
Gaza Airport 15.000 0.41 %
Agricultural Area 167.675 45.94 %
Assisting Agricultural Area 5.595 1.81 %
Open and Green Areas 8.100 2.22 %
Reserved Areas for Future Plans 25.450 6.97 %
Others Area 19.940 5.46 %
Total Area 365 100 %
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Figure (4.4): Land use in Gaza Strip (MOPIC, 1998)
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Figure (4.5): The proposed future land use distribution in 2015 (MWGP, 2001)
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4.5 Geology

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 (4.5) summarizes the geological history of the Gaza Strip, where
Figure (4.6) illustrates a geological cross-section in the Gaza Strip.

Table (4.3): Geology and geological history of the Gaza Strip (Palestinian
Environmental Protection Authority, 1994) and (Hamdan, 1999)
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Figure (4.6): A geological sross-section in the Gaza Strip. (Metcalf and Eddy, 2000)

The geological formations deposited in the area are described as follows:
4.5.1 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 sandstonge at depths of 2000 m.

4.5.2 Quaternary Formation

The quaternary deposits have a thickness of about 160 m and covering the
Pliocene Saqiya formation. Overlying Pleistocene deposits “Lower Quaternary
consists of :

4.5.2.1 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.

4.5.2.2 Continental Kurkar Formation

It is composed of red loamy sand beds (Hamra). The maximum thickness is
about 100 meters with often-calcareous cement (PEPA, 1994).

4.5.2.3 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:

1. 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 km?. The sand dunes are
30-50 m above 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).
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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.

2. 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.

3. Alluvial Deposits.

These formations have a thickness of 25 m and spreading around the Wadi
Gaza.

4. 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.

4.6 Soil Condition
4.6.1 Subsoil 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:

4.6.1.1 Kurkar

Kurkar 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) (Hamdan,1999).

4.6.1.2 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
color. 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.

4.6.2 Soil Formation

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 (4.7) soils classification based on soil texture (MOPIC,
1997). 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).
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The classification and the characteristics of different soil types of Gaza Strip are
summarized in Table (4.4).

Soil.shp
- Dark brown / Silty Clay
Loess soils

Loessal sandy soil

Sandy loess soil

Sandy loess soil over loess
Sandy regosols

Figure (4.7): Soil Classifications in Gaza Strip (MOPIC, 1997)

Table (4.4): Classification & characteristics of different soil types in Gaza Strip.
Adopted from (MOPIC, 1997; Goris and Samain, 2001)

Local

sedimented in loose form in the upper part,
and in hard form in the lower part of the
layers. They are brownish yellow-colored
often with accumulation of lime
concretions in the subsoil and containing 8
— 12 % calcium carbonate.

Classification Location Description Texture
Loess soil Between the | Loess soils sedimented in Pleistocene until | Sandy loam (6%
Gaza city Holocene Series. The grain size of loess clay, silt 34% ,
and the Wadi | fluctuates from 0.002 to 0.068 mm. Loess | sand 58%)
Gaza has been transported by winds and
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Dark brown | Beit Hanoun | These alluvial soils are Usually dark Sandy clay loam
/reddish and Wadi brown to reddish in colour, with a well- (25% clay, 13%
brown Gaza developed structure. At some depth, lime | silt, 62% sand)

concretions can be found. The calcium
carbonate content can be around 15-20%
Sandy loess Deir el Balah | This is a transitional soil, characterized by | Sandy clay loam
soil and Abssan | a rather uniform, lighter texture. (23% clay, 21%
Apparently, windblown sands have been silt, 56% sand)
mixed with loessial deposits.

Loessial sandy | It is found Forms a transitional zone between the The top layer is

soil in the central | sandy soil and the loess soil, usually with | sandy loam
and southern | a calcareous loamy sandy texture and a (14% clay, 20%
part of the deep uniform pale brown soil profile. silt, 66% sand).
strip The lower

profile is loam
(21% clay, 30%
silt, 49% sand)

Sandy loess It is found It is loess or loessial soils which have been | Sandy loam

soil over loess | east of Rafah | covered by a 20 to 50 cm thick layer of (17.5% clay,
and Khan sand dune 16.5% silt, 66%
Younis sand)

Sandy regosol | Itis found a | Soil without a marked profile. Texture in Top layer is
long the the top meters is usually uniform and loamy sand (9%
coast of consists of medium to coarse quartz sand clay, 4% silt,
Gaza Strip with a very low water holding capacity. 87% sand).

The soils are moderately calcareous, very | Deeper profile is
low matter and chemically poor, but sand (7.5% clay,
physically suitable for intensive 0% silt, 92.5%
horticulture in greenhouses. In the deeper | sand)
subsurface occasionally loam or clay loam
layers of alluvial origin can be found

4.7 Hydrology

Precipitation falling on land is either returned directly to the atmosphere by
evaporation, flows along the land surface to become surface water or percolate into the
round. Water that infiltrates into the ground is either drawn into plants and returned to
the atmosphere by transpiration or continues infiltrating and becoming groundwater.

4.7.1 Surface Water Hydrology

The surface water system in the study area is Wadi Gaza. Wadi Gaza that
located at the southern boundary of study area is the bigger in Gaza Strip. It runs in the
central part of the Gaza Strip and discharge into the Mediterranean Sea Wadi Gaza
length is about 9 km in Gaza and it extends into the armistice border for about 95 km
where it collects the water from a big catchment area (3600 km?) from the Hebron
Mountains and the Northern Negeve. This main stream was diverted by the Israelis to
an adjacent area where it's been stopped their and collected at basins located 6km east of
Gaza (MWCP, 2001).
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Wadis are ephemeral streams, characterized by short duration floods that occur
after heavy rainfall, while most of the time they are completely dry. Freshwater flows
into them in the winter season. Israel has retained and changed the course of the two
Wadis and they become dry since the early seventies, this means that fresh surface
water resources are negligible.

4.7.2 Groundwater Hydrology

The coastal aquifer underlies the Coastal Plain of Palestine and runs parallel to
the Mediterranean Sea coast. The coastal aquifer is an underground phreatic reservoir
varies in width from 7 km in the north to 20 km in the south; its thickness decreases
eastwards from 200 m near the coastline to a few meters in the eastern margins (PWA,
2000a). The aquifer (the Kurkar Group of Pleistocene age) consists of sand, sandstone,
and silt interbedded with marine clays, and it overlies the impervious marine clays of
upper Eocene to Pliocene age (the Saqiye Group). The aquifer is basically phreatic, but
clay layers divide it vertically into several subaquifers. The hydraulic connection
between groundwater in the different subaquifers and the sea is not well understood.
While Bear and Kapuler (1981) considered that all subaquifers are connected to the sea,
Kolton (1988) argued that the lower subaquifers are disconnected (Oren, et al., 2004). In
the central and eastern areas the aquifer is uniform and phreatic. The calcareous
sandstone (arenites or "kurkar") is composed of several minerals: quartz, feldspar,
calcite, aragonite, and iron oxides (Vengosh, et al., 1996).

4.7.2.1 Hydrostratigraphy

In the study area, the coastal plain aquifer contains many diverse hydraulic and
hydrologic units and thus, several water-producing zones. The layered stratigraphy of
the Kurkar Group subdivides the coastal aquifer from top to bottom into four separate
sub-aquifers near the coast A, Bl, B2 and C as shown in Figure (4.6) . This subdivision
is conditioned by impervious to semi-impervious interlayers alternating with
predominantly permeable calcareous sandstones, and persists along the coastal strip but
dissipates 4-6 km east of the shoreline. East of the third ridge the Kurkar Group
sequence is randomly subdivided by occasional occurrence of impervious to semi-
impervious layers and the coastal aquifer can be regarded as one hydrogeological unit.
The upper subaquifer "A is unconfined, whereas subaquifers "Bl, B2, and C become
increasingly confined towards the sea (Al-Jamal and Yaqubi, 2000).

4.7.2.1.1 Kurkar Group
e Sub-aquifer A:

Sub-aquifer (A) occurs in the uppermost and westernmost part of the sequence
extends from the shoreline to the east up to 2 km. It is mainly composed of variously
cemented concretionary calcareous sandstone mixed and interlayered with loose sand,
of both continental and littoral origin. This aquifer is bounded from the top by the water
table and at the bottom partly bounded by the first aquitard of silty clay. In the study
area, it is 25m thick in the east to about 60-m in the west. This aquifer unit overlies
continental-estuarine clay or loam extending eastwards and upwards, reaches in
thickness to 15 m. However, the clay-rich base layer of sub-aquifer A is not always
continuous and therefore, the hydrogeological and hydro stratigraphical separation
between sub-aquifer A and underlying subaquifer B does not always exist or can be
clearly identified. Sub-aquifer A may contain thin interlayers of clay, sandy clay and
silty clay, which act as aquitards.
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e Sub-aquifer B1:

Based on Israel studies of Ecker, 1999 sub-aquifer B1 is mainly from Kurkar
and micro-conglomerate deposited in a more littoral environment, the cementation of
which is harder than in the overlying sub-aquifer A and having a lower proportion of
loose sand. The base of this sub-aquifer is formed by marine to lagoonal-estuarine clays.
Further eastwards, these base layers turn into continental clays and loarns and extend 6-
7 km east of the shoreline.

e Sub-aquifer B2

The calcareous sandstones of this unit are predominantly products of a high-
energy littoral depositional environment, such as conglomerates and beach rock
overlying a marine clay horizon. Based on Israel studies sub-aquifer B2 is 20-40-m
thick. Near the coastline, sub-aquifer B2 occurs between elevations of (- 120) and
(- 150) m below MSL (Zilberbrand et al., 2001).

e Sub-aquifer C

Between the shoreline and 3-4 km inland, the lithology of this sub-aquifer is of a
marine type, with no indications of shallower facies. It is characterized by interlayering
of clay, silt, and silty sand, 10-20-m thick. Generally, the occurrence of calcareous
sandstones increases eastwards on account of silty-clayey beds. The hydraulic
conductivities of this unit are significantly lower than in the overlying sub-aquifers.
Sub-aquifer C overlies impervious layers related to top of the Saqiye Group. Their
occurrence is usually marked by thin streaks of chalky and marly sandstone, yellowish
chalky marl, and clays. The top of the Saqiye occurs at elevations of -150 to -160 m
below MSL, close to the shoreline (Zilberbrand et al., 2001).

4.7.2.1.2 The Saqiye Group

The Pleistocene Coastal Plain aquifer system (the Kurkar Group) overlies a very
thick complex of shales and marls related to the Plio-Pleistocene Saqiye Group that
wedges out gradually eastwards. In the study area its maximum depth reaches 1900 m
near the coastline, wedging out in the eastern parts of the Coastal Plain. The top of the
Saqiye Group dips 1-2% westwards (Zilberbrand et al., 2001).

4.7.3 Aquifer Hydraulic Properties
4.7.3.1 Transmissivity

From results of aquifer tests carried out in Gaza Strip, transmissivity values
range between 700 and 5000 square meters per day (m”/d).corresponding values of
hydraulic conductivity K are mostly within a range of 20-80 meters per day (m/d). Most
of the wells that have been tested are municipal wells screened across more than one
sub-aquifer. Hence, little is known about any differences in hydraulic properties
between sub-aquifer (PWA, 2000b).

4.7.3.2 Effective Porosity:

Groundwater velocity is inversely proportional to effective porosity. Thus, a
reduction in effective porosity implies in an increased velocity and hence faster
migration of a particular contaminate. The base case calibration value is 25%.three
sensitivity runs were carried out 15%, 20%, and 30% (PWA, 2000b).
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4.7.3.3 Specific Yield and Specific Storativity

Specific yield values are estimated to be about 15-30 percent while specific
storativity is about 10 from tests conducted in Gaza. Concerning the specific yield
values is asking only about the porosity so the porosity values are consistent with the
specific yield values (effective porosity 25%) for the sand and gravel (PWA, 2000b).
Table (4.5) represented hydraulic properties in Gaza Strip subaquifers

Table (4.5): Aquifer hydraulic properties (PWA, 2000b)

Horizontal Vertical .
Stratieranhic Unig| HYdraulic Hydraulic Specific | ¢ tSpe:.lﬁf[ ,
ratigrapfic Lt Conductivity Conductivity Yield ora _IIVI y
(m/d) (m/d) (m”)
Subaquifer A 30.0 3.00 0.25 0.1 E-04
Subaquifer B1 30.0 3.00 0.25 0.1 E-04
Subaquifer B2 30.0 3.00 0.25 0.IE-04
Subaquifer C 30.0 3.00 0.25 0.IE-04
Coastal Clays / 0.20 0.20 0.10 0.IE-04
Aquitards
Undifferentiated
Aquifer East of 5.0-30.0 0.5-3.0 0.25 0.1IE-04
Coastal Clays

4.7.4 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 Mm® /yr. as shown in Table (4.6).

In the year 2020, there will be 2 million inhabitants, double the current
population, and the water demand could easily double from the current 170 Mm®/yr. to
216 Mm’/yr., which makes it necessary to generate and obtain additional water supplies
in order to cover these alarming shortages (Adopted from Metcalf and Eddy, 2000).

Table (4.6): Estimated water balance of Gaza Strip (Adopted from Metcalf and

Eddy, 2007)
Inflows (Mm’/yr.) Outflows (Mm/yr.)
Min. | Max. Min. | Max.
Rainfall recharge 40.0 | 45.0 | Municipal abstraction | 80.0 | 85.0

Lateral inflow from Israel 18.0 | 30.0 | Agriculture abstraction | 80.0 | 100.0

Lateral inflow from Egypt 2.0 5.0 Mekorot abstraction 5.0 8.0
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Saltwater intrusion 10.0 | 15.0 Discharge to the sea | 10.0 | 15.0
Water system leaks 10.0 | 15.0
Wastewater return flow 10.5 | 10.5
Irrigation return flow 20.0 | 25.0
Loss of aquifer storage 2.0 3.0
Other recharge 3.5 3.5
Total 116 | 152 175 | 208
Net balance 59 56
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Chapter (5)
Methodology

5.1 Introduction

This chapter discusses the utilized methodology in this research. Many
techniques, approaches and tools were used to achieve the objectives of this research.

In order to model the groundwater salinity in Gaza strip using ANN it is
necessary to gather data for training purposes. The training data must include a
number of cases, each containing values for input and output variables. The first
decisions needed are: which are variables to use, and how many (and which) cases to
gather? The choice of wvariables (at least initially) is guided by intuition.
Understanding and expertise in the problem domain and conditions give initially idea
of which input variables are likely to be influential. Once in ANN, variables can be
select and deselect, ANN can also experimentally determine useful variables. As a
first pass, any variables which could have an influence on groundwater salinity should
be included on initial studies.

Initially, it is assumed that the groundwater salinity (represented by chloride
concentration mg/l) may be affected by some variables as: recharge rate (R),
abstraction (Q), abstraction average rate (Qr), life time (Lt), groundwater level (W),
aquifer thickness (Th), depth from surface to well screen (Dw), and distance from sea
shore line (Ds). These variables were chosen depending on the literature review in
Chapter two.

5.2 Data Collection and Preparation

The required data were extracted mainly from the domestic wells in Gaza Strip
because it usually have quality test twice a year in February and October periodically.
The quality test includes the chloride concentration test which gives us a great chance
to monitor groundwater salinity in Gaza Strip and it's changes two times per year.
The assumed variables will be gathered, studied, validated and rearranged to create
training data matrix which should contain many hundreds of cases each containing
values for input variables and output.

It is noted that the raw data available with institutions at Gaza Strip may have
some errors which mainly associated with human error and many necessary data had
been lost or not found. This confuse the work and restrict the ability to collect large
quantity of data which have negative effect on the performance of the new
constructed model.

In this research, it is necessary to deal with regular time series data to
construct data training matrix so many sources of data have been neglected because of
the deficiency of complete required data. Since that the detailed abstraction records
have not been obtained for years prior to 1996, the period of model which include the
modeling and calibration starts from 1997 to 2006. The methodology of gathering and
preparation each variable is discussed in the following sections.
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5.2.1 Water Wells in Study Area

There are an estimated 4000 wells within the Gaza Strip, almost all of these
wells are privately owned and used for agricultural purposes. Approximately 100
wells are owned and operated by municipalities and are used for domestic supply.
(PWA, 2000).

In this research, data were extracted from 56 wells, most of them are
municipal wells and they almost cover the total area of Gaza Strip. The choice of
these wells depends only on the availability of required data. The primary data of
study wells include the locations represented by X ,Y and Z local coordinate,
governorate , well type and the year of operation. These data of study wells are
presented in Table (5.1), Figures (5.1) and (5.2). The general information of study

wells of all study wells from 1997 to 2006 are represented in Annex 1.

¢ Study wells
[ ] Deir al-Balah
Gaza
Khan Yunis Open area
Northern Agriculture
Built up are
[ ] Rafah

Figure (5.1): Study wells location in Gaza
Strip

Figure (5.2): Study wells and land use

in Gaza Strip

Table (5.1): The general information of study wells

WellID | AgNo | X PWA | Y PWA | Z PWA | Gov. | Welltype | Yearof
operation
10710104 | D/67 | 101715.90 | 107217.90 | 22.90 | North | Municipal 1987
10710214 | A/180 | 102458.90 | 107032.70 | 24.10 | North | Municipal 1983
10610017 | D/73 | 101036.50 | 106827.40 | 37.20 | North | Municipal 1996
10610120 | D/72 | 101739.30 | 106462.40 | 21.60 | North | Municipal 1998
10609906 | E/61 | 99737.40 | 10633930 | 44.80 | North | Municipal 1974
10610215 | A/185 | 102530.00 | 10625230 | 40.60 | North | Municipal 1987
10610119 | D/71 | 101458.00 | 106192.90 | 28.00 | North | Municipal 1998
10610403 | C/127 | 104777.60 | 106153.90 | 57.20 | North | Municipal 1987
10610015 | D/74 | 100503.70 | 106104.10 | 40.00 | North | Municipal 1997
10610016 | D/70 | 101439.90 | 10583320 | 24.90 | North | Municipal 1996
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5.2.2 Chloride Concentration Data

Groundwater quality in Gaza Strip is monitored by different institutions as
Ministry of Health (MOH) and Ministry of Agriculture (MOA). This research
concerns with data of MOH because it usually performs quality test twice a year in
February and October

-
periodically. MOA do not adhere L,
periodically tests, and so it is 4
impossible to make periodical ’
monitor of chloride ) /
concentration and salinity using P
agriculture wells. j_ . &
The data of some oy, MW :

i - LS
icigalities™

domestic wells were neglected
because of the lost of some
necessary required data
especially in chloride
concentration and abstraction
data. Table 5.2 presents chloride
concentration of some study
wells from 1997 to 2000. Figure
(5.3) presented average chloride
concentration of pumped
Groundwater of Gaza Strip for
the year 2007. The chloride

concentration of all study wells Figure (5.3): Average chloride
from 1997 to 2006 are concentration of pumped groundwater of
represented in Annex 2. Gaza Strip for the year 2007 (CMWU, 2007)

[ Chloride Conc. Legend {mgiL)
0 - 250 maf
250 - 500 mg/l

500 - 750 mg/l

Table (5.2): Chloride concentration (mg/l) of some study wells from 1997 to 2000

Ag No z = 2 = = z = =

D/67 | 780 | 550 | 560 | 56.0 | 420 | NA | 42.0 | 353
A/180 | 350 | NA | 49.0 | 560 | 49.0 | 63.0 | 70.0 | 77.0
D/73 | NA | NA | 560 | 63.0 | 63.0 | 630 | 63.0 | 56.0
D/72 | NA | NA | NA | 710 | 770 | NA | 700 | 63.0

E/61 66.0 145.0 | 42.0 135.0 | 182.0 NA 385.0 | 749.0
A/185 70.0 100.0 | 77.0 85.0 84.0 77.0 91.3 91.0
D/71 NA NA 70.0 78.0 74.0 66.0 77.0 70.0
C/127 92.0 100.0 | 70.0 70.0 77.0 84.0 77.0 77.0
D/74 56.0 65.0 56.0 71.0 77.0 77.0 77.0 77.0
D/70 79.0 NA 70.0 85.0 88.0 NA 91.0 91.0
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5.2.3 Recharge Rate

Recharge refers to the entrance of water into soil or porous material through
the interstices or pores of a soil or other porous medium. Infiltration is the sole source
of soil water to sustain the growth of vegetation and of the groundwater supply of
wells, springs, and streams (Schwab et al., 1993).

The capacity of any soil to absorb the rainwater falling continuously at an
excessive rate goes on decreasing with time until a minimum rate of infiltration
reached. The infiltration rate is a function of time, and has the dimensions of volume
per unit of time per unit of area. These units reduce to depth per unit time; it is
expressed in (mm/min) (Suresh, 1993).

Major component of recharge in the Gaza coastal aquifer model include :
e Recharge from rainfall.
e Return flows from irrigation.

e Return flow from other sources (water distribution systems, septic systems,
and wastewater collection systems, wadi Gaza and infiltration basins) (CAMP,
2000).

5.2.3.1 Factors Influence Infiltration Rate.

The infiltration rate differs from one type of soil 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).

The National Soil Survey Center in cooperation with (NRCS) and the U.S
Agricultural Research Service (USDA) suggested in (1998) that a number of factors,
which affect soil infiltration, some of these factors, are follow:

1- Crust

Soils that have many large surface connected pores have higher intake rates
than soils that have few such pores. A crust on the soil surface can seal the pores and
restrict the entry of water into the soil.

2- Compaction

A compacted zone or an impervious layer close to the surface restricts the
entry of water into the soil and tends to result in pounding on the surface.

3- Soil Texture

The type of soil (sandy, silty, and clayey) can control the rate of infiltration.
For example, a sandy surface soil normally has a higher infiltration rate than a clayey
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surface soil. Hamdan (1999) suggested that soil texture is important to identify the
vulnerability of the artificial recharge basin to surface sealing, where a thin lamina of
fine particles covers the surface of spread basin will decrease the infiltration much
more clogging. Goris and Samain (2001) described the texture of five different soils
in Gaza strip, while Hamdan (1999) added another sixth one as shown in table (5.3).

Table (5.3): Texture and infiltration Parameters of the Different Soil Types in
the Gaza Strip (Goris and Samain, 2001) and (Hamdan, 1999)

Initial .
. . infiltrati Basic soil
Soil tvpe Clay | Silt | Sand Soil on Tate infiltration arameter
yp % % % texture ) rate P (k)
mm/hr ( fp ) mm/hr
Sandy regosol | 08.5 | 01.8 | 89.8 | Sandy 1263.0 401.4 0.24
Sandy ~ loess | |, 5| o3| ¢go | Sandy 357.6 97.2 0.08
soil over loess loam
Loessial sandy | ¢ 4 | 550 | 570 |Sandy 498.6 145.8 0.08
soil loam
Dark brown/ | 5 3| 5 ¢ | 619 |Sandy 1051.2 208.8 0.11
reddish brown clay loam
Sandy  loess | )3 | 503 | 565 |Sandy 270.6 66.0 0.06
soil clay loam
Loess soil 06.0 | 34.0 | 580 |sandy 428.1 121.5 0.08
loam

[ Dark brown / Silty Clay
Loess soils
Loessal sandy soil
Sandy loess soil

[_] Sandy loess soil over loess

[_]Sandy regosols

Figure (5.4): The study wells according to soil types of Gaza Strip
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4- Organic Matter

An increased amount of plant material, dead or alive, generally assists the
process of infiltration. Organic matter increases the entry of water by protecting the
soil aggregates from breaking down during the impact of raindrops. Particles broken
from aggregates can clog pores, seal the surface, and decrease infiltration during a
rainfall event.

5- Pores

Continuous pores that are connected to the surface are excellent conduits for
the entry of water into the soil. Discontinuous pores may retard the flow of water
because of the entrapment of air bubbles. Organisms such as earthworms increase the
amount of pores and assist the process of aggregation that enhances water infiltration.

6- Aggregation and Structure

Soils refer to the arrangements of the soil particles (aggregates) separated by
pores and cracks as represented in Figure (5.5). The basic types of aggregate
arrangements and its flow rate are shown in Figure (5.6). Soils that have stable strong
aggregates as granular or blocky soil structure have a higher infiltration rate than soils
that have weak, massive, or plate like structure. Soils that have a smaller structural
size have higher infiltration rates than soils that have a larger structural size.

7- Water Content

The content or amount of water in the soil affects the infiltration rate of the
soil. The infiltration rate is generally higher when the soil is initially dry and
decreases, as the soil becomes wet. Pores and cracks are open in a dry soil, and many
of them are filled in by water or swelled when the soil becomes wet. As they become
wet, the infiltration rate slows to the rate of permeability for most restrictive layer.
Water is stored in the soil within the pore space between the soil particle by forces of
attraction acting between the water molecules and the particles of the soil matrix. The
forces holding the water to the soil matrix are called matrix forces (Raes, 1999). The
amount of water retained and stored in soil after watering and following drainage is
important in both plant growth and hydrological studies (Goris and Samain, 2001)

soil particle soil aggregate s0il structure
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Figure (5.5): The Soil Structure ( FAO,1993)
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Figure (5.6): The Basic Types of Soil Structures ( FAO,1993)

5.2.3.2 Computation Methods of Infiltration

There are numerous techniques available for estimation of water infiltration
rate through the soil. These methods may be classified in a various ways according to
the way in which water is added, and the measurements are made. In field works,
there are various devices for measuring the infiltration rate of water through soils, the
most common being the ring infiltrometer.

Empirical methods are usually in the form of simple equations. These
equations only provide estimates of cumulative infiltration and infiltration rates, and
do not provide information regarding water content distribution. Most are derived
based on a constant water content being available at the surface. (Parlange and
Haverkamp, 1989).

The study of all methods is not the scope of this study; put it is good to study
the most familiar method, which can be applicable to the soils type of Gaza Strip,
whish is Horton's equation. Horton's Equation (1939) is an empirical relation that
assumes infiltration begins at some rate f, and exponentially decreases until it
reaches a constant rate f, (Chow, et al.,1988).

The infiltration rate is expressed as:

f=f+(fo-fh)e™ G
While the cumulative infiltration capacity is expressed as:
fo=fot + [ (fo -fo Y K]e "' (5.2)
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Where; f is the infiltration rate (mm/min), f, is the final constant infiltration
rate (Basic) at large times (mm/min), f, is the initial infiltration rate (mm/min), f, is
the cumulative infiltration capacity (mm), and K is the soil parameter representing the
rate of decrease of infiltration (min )

Horton's Equation can be used to describe the concepts of infiltration rate and
basic infiltration, it requires evaluation of f,, f, and k ( these parameters are derived
based on infiltration tests (Linsley et al., 1988).

The infiltration parameters for the different soil type in Gaza Strip are
evaluated from the experimental infiltration data done by Goris and Samain (2001)
was shown in Table (5.3).

5.2.3.3 Computation of Recharge in Gaza Strip

Recharge from rainfall is perhaps the most difficult parameter to quantify in
the Gaza Strip due to all of the potential factors that affect infiltration of rainwater.
This include land use, soil type, as well as other influencing other factors (CAMP,
2000).

The groundwater is recharged from different sources, including rainwater,
runoff and return flow which includes leakage from municipal water distribution
system, sewage infiltration and irrigation return flow. Moreover, recharge comes from
inflow from occupied areas and Egypt and from the Mediterranean Sea as a seawater
intrusion.

As a result of absence of a specific study on the study area, the situation of the
Gaza Strip as a whole has used. Rainfall is considered as the major recharge
component that replenishes the aquifer. Only about 35% of the total rainfall can be
infiltrated to replenish the groundwater in Gaza strip. Groundwater recharge from
rainfall in Gaza strip is estimated as 40.46 Mm® for the season 2004/2005 (PWA,
2005). This value is almost equal to the average rainfall recharge (1974-2005 which is
estimated as 40.8 Mm’. The remaining amount of rainfall evaporates and /or
disappears as runoff (PWA, 2005).

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).

There is no simple method that can be applied to the Gaza strip. Empirical
methods of estimating recharge tend to be applicable for smaller area only. therefore,
in this research the recharge will be estimated using CAMP model which is a broader
"regional" model. The model methodology considered the following procedures:

e Recharge from rainfall was applied in the model based on measured rainfall at
stations and on soil distribution.

e Total rainfall reduced by factors to account for runoff (small, 5-10%) and
(significant, 50-60%).

e The Model domain was subdivided into areas of different recharge coefficient
based on soil distribution. These coefficient are primarily based on field data
Israel estimates within Gaza Strip from the 1970s.

Applying these procedures, The recharge coefficients in Gaza Strip range
from 70% of rainfall in dune sand to 15% of rainfall for silty clays.
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The highest recharge coefficient of 70% is in dune sand areas parallel to
coastlines. Overall, most recharge takes place in the north and northwest of Gaza
strip, where total rainfall is highest and dune sand are present. Figure (5.7) shows the
soil recharge coefficients for Gaza Strip (CAMP, 2000).

5.2.3.4 Procedures for Calculation of Recharge Rate of Study Wells

1. Determine the soil recharge coefficient of study wells:

Using Figure (5.7), the soil recharge coefficient of study wells was
determined.

Table (5.4) shows the soil recharge coefficient of some study wells.
The complete data of all study wells are represented in Annex 1.

2. Determine the rainfall depth fallen in the area of study wells:

The average rainfall depth fallen in Gaza strip catchments’ area was
calculated from daily rainfall records sourced from 12 manual stations
using Thissen network method, in this method each station represents
subarea of the catchments, and it involves in determining the area of
influence for each station, as shown in Figure (5.8).

Using Figure (5.7), the influence station for each study wells was
determined.

Table (5.4) shows the influence station for some study wells The
complete data of all study wells are represented in Annex 1.

The rainfall data for Gaza Strip area are available, and so the rainfall
depth was determined for each study well area.

3. The recharge rate was calculated directly by multiplying the soil recharge
coefficient with rainfall depth. Complete data of recharge rate for study wells
are found in Annex 3.

= Example of calculation recharge rate for D/67 well at February, 1999 is
presented as follows:

Using Table (5.4), the soil recharge coefficient of D/67 well equals
0.70.

Using Table (5.4), the influence station of D/67 well is Bait lahia
station.

The rainfall depth in February, 1999 is 19.5 mm and by multiplying the
soil recharge coefficient with rainfall, the infiltration rate is 13.3
mm/m?/month
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Figure (5.8): Rainfall thissen network for Gaza Strip catchment's area (PWA,
2007)
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Table (5.4): Soil recharge coefficient, influence rainfall station, land use and soil
type for each study wells

Rainfall Recharge

Ag No Gov. Station Land use Soil type coefficient
D/67 North Bait lahia open Sandy regosol 0.70
A/180 North Bait lahia Built up Sandy regosol 0.70
D/73 North Bait lahia open Sandy regosol 0.70
D/72 North Jabalia open Sandy regosol 0.70
E/61 North Jabalia open Sandy regosol 0.70
A/185 North Jabalia Built up Sandy regosol 0.70
D/71 North Jabalia open Sandy regosol 0.70
C/127 North Bait hanon Built up Sandy regosol 0.70
D/74 North Jabalia open Sandy regosol 0.70
D/70 North Jabalia Built up Sandy regosol 0.70

5.2.4 Abstraction

There is a significant uncertainty around historical pumping in Gaza; it is
believed that large-scale abstraction started in the early 1960s, when agricultural
development of the Gaza Strip began (PWA, 2002). Total groundwater abstraction in
the Gaza Strip in 2000 is estimated at 140-145 MCM. Agricultural abstraction is
estimated to account for about 85 MCM, while municipal 54 MCM. From the
available data, the municipal wells abstraction in 2007 is about 83 MCM.

5.2.4.1 Agricultural Abstraction

It is estimated that more than 3800 agricultural wells are operational today.
Agricultural wells have not been metered since 1994s, and hence current production
totals are not exactly known. About 1500 wells were metered from about 1980-1993
during Israeli occupation. The Israeli Civil Administration reordered abstraction on a
monthly, quarterly, and semi-annual basis. The metered data from the MOH indicated
that the total average annual abstraction for the 1500 metered wells over the period of
records (1988-1993) was approximately 43 MCM/y. prorating this average to the
estimated 3800 wells in operation today, yields an estimated total agricultural
abstraction of about 80-85 MCM/y.

Based on the above, it is reasonable to assume that agricultural abstraction has
ranged between 80-100 MCM/y for the past 30 years. Independent of abstraction
records, total agricultural demand has been estimated to be about 8§0-100 MCM/y
based on cultivated areas and crop requirements, and is therefore consistent with
abstraction data (PWA, 2002).

5.2.4.2 Municipal Wells Abstraction

Detailed abstraction records have not been obtained for years prior to 1996.
Based on Israeli reports from 1970s, on pumping capacities, as well as information on
typical pumping hours by season, it is estimated that municipal abstraction has
increased from about 20 MCM in 1967 to 35 MCM in 1990, and 50 MCM in 1998.
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The number of municipal supply wells has also increased from about 40 in 1973 to 56
in 1993 to 100 wells in 2000 In 2000, municipal abstraction totaled about 54 MCM/y.
almost 50% of municipal abstraction take place in Gaza City and Jabalia
(PWA,2002).

The production rate data of each municipal well in the Gaza strip were
collected from the Coastal Municipal Water Utility (CMWU). From the available data
the municipal wells abstraction in 2007 is about 83 MCM.

Table (5.5) presented the municipal abstraction in Gaza Strip for year 2007
and Figure (5.9) presents the monthly municipal abstraction in Gaza Strip for Year
2007.1t is noted that the municipal abstraction are varies from month to other, In
summer season there are huge abstraction specially in August and the abstraction
decreases in winter specially in February.

Municipal abstraction 2007 (MCM)
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Figure (5.9): Monthly municipal abstraction in Gaza Strip for year 2007.

5.2.5 Distance From Sea Shore Line

Using ArcView program, the distance between the wells and sea shore line was
measured and presented in Table (5.6). Complete data of distance between the wells
and sea shore line_for all study wells are found in Annex 1.

Table (5.6): The distance between the study wells and sea shore line

Distance from Distance from
Ag No sea shore line Ag No sea shore line
(Km) (Km)

D/67 2.4 A/185 3.6
A/180 3.1 D/71 2.7

D/73 2.1 C/127 5.6

D/72 2.9 D/74 2

E/61 1.3
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Table (5.5) Monthly municipal abstraction in Gaza Strip for Year 2007
Municipality Jan-07 Feb-07 Mar-07 Apr-07 May-07 Jun-07 Jul-07 Aug-07 Sep-07 Oct-07 Nov-07 Dec-07 Total 2007
Um AL Nasser 11,720 11,450 13,210 21,660 15,900 19,340 20,600 22,110 20,544 19,340 17,114 15,030 208,018
Beit Hanoon 208,400 203,940 238,880 369,400 300,520 379,010 419,540 424,020 383,802 379,010 288,620 257,320 3,852,462
Beit Lahia 348,671 378,285 440,106 523,413 354,356 425,284 599,812 543,927 449,673 425,284 459,496 360,380 5,308,687
Jabalia 755,247 831,589 994,228 996,847 1,224,341 | 1,096,069 | 1,171,282 | 1,311,935 | 1,280,050 | 1,096,069 | 1,078,140 | 857,221 12,693,018
Gaza 2,103,455 | 2,044,067 | 2,134,067 | 2,344,294 | 2,492,624 | 2,592,328 | 2,478,582 | 2,845,695 | 2,642,208 | 2,478,582 | 2,525,531 | 2,147,246 | 28,828,679
Wadi Gaza 5,080 4,980 6,350 8,760 10,610 6,940 7,090 5,600 6,170 6,940 3,470 3,580 75,570
Al Zahra 17,950 19,550 28,310 28,473 32,754 31,697 34,866 45,690 31,490 31,697 35,430 29,100 367,007
Al Moghrakah 15,793 16,720 19,117 32,740 46,762 46,273 56,591 42,774 50,793 46,273 31,200 27,203 432,239
Al Nussirate 183,630 199,110 175,130 225,393 225,830 311,430 316,020 347,859 278,061 311,430 213,980 207,780 2,995,653
Al Buriej 81,630 86,960 96,960 105,506 105,604 98,760 111,100 106,170 109,080 98,760 96,600 82,940 1,180,070
Al Maghazi 68,880 77,890 94,020 117,373 103,103 126,879 124,711 128,743 123,105 126,879 88,965 78,186 1,258,734
Deir Al Balah 288,227 297,965 308,773 353,521 360,966 329,965 421,742 394,883 424,238 329,965 351,421 322,181 4,183,847
Al Musader 8,430 6,770 7,270 10,000 8,310 10,430 10,810 11,830 5,750 13,250 7,480 5,890 106,220
Al Zawiada 60,440 62,060 70,025 83,403 90,943 64,600 113,049 102,824 81,877 64,600 77,940 79,870 951,631
Al Qarara 66,598 57,870 62,570 90,000 93,000 96,720 88,560 82,800 75,950 88,560 85,830 67,590 956,048
Bani Suhaila 73,270 79,560 91,670 111,960 | 111,810 98,040 137,720 | 139,430 | 132,430 98,040 111,560 90,510 1,276,000
Abassan Al Kabira 52,340 51,930 54,690 87,230 89,320 104,860 107,360 114,520 113,380 104,860 96,880 67,780 1,045,150
Abassan Al Jadidah 18,920 16,530 19,720 31,590 32,970 41,320 42,470 42,920 41,360 41,320 32,680 27,750 389,550
Khoza'a 29,080 28,900 32,490 44,660 45,770 54,250 65,460 65,020 65,460 54,250 48,560 35,570 569,470
KhanYounis 667,381 501,409 728,977 747,744 830,399 901,242 934,239 959,857 935,955 901,242 852,235 707,704 9,668,384
Al Fukhari 7,325 40,850 16,760 21,228 25,960 27,475 38,540 37,054 35,898 27,475 24,215 13,830 316,610
Al Nasser 9,230 6,280 7,030 7,430 7,340 9,090 8,660 12,780 13,000 9,090 13,100 12,690 115,720
Al Shokah 21,000 21,000 21,000 22,500 31,300 31,500 46,500 46,400 46,200 31,500 55,670 64,970 439,540
Rafah 498,843 467,335 607,293 523,483 524,578 510,155 510,155 523,799 487,067 510,155 477,080 442,955 6,082,898
Monthly Total 5,601,540 | 5,513,000 | 6,268,646 | 6,908,608 | 7,165,070 | 7,413,657 | 7,865,459 | 8,358,640 | 7,833,541 | 7,294,571 | 7,073,197 | 6,005,276 | 83,301,205
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5.2.6 Water Level Data

Many estimation of the annual groundwater recharge in the Gaza Strip have
been mentioned in different references. Although different values for this recharge are
given, all of these references agree on one fact, that the annual recharge is less than
the abstracted quantities for along time, resulting in a serious mining of the
groundwater level and a net deficit of about 50-60 Million cubic meter (MCM)/year
(CMWU, 2007).

Even though there is large database of water level information, few
measurement are taken from dedicated monitoring wells. Water level reading are
typically taken from active municipal and agriculture wells , in which the water level
may be in a state of recovery after an unknown period of use. Often the well
construction details are inaccurate or incomplete, Information about well screened is
also unavailable, and measuring points of water level are often not truly fixed point,
and some have changed over-time. In addition, access pipes in which water levels are
measured are not always straight, which introducing more uncertainty into the
accuracy of available data of groundwater level data on Gaza Strip. 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 60 meter along the eastern border drops to
about 8 meter 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. Figure (5.10) presented
the groundwater level contour map of Gaza Strip area for the year 2007.
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Figure (5.10): Groundwater level contour map of Gaza Strip area for the year
2007 (CMWU, 2007)
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5.2.7 Depth From Ground Surface to Well Screen

The depth of groundwater in the aquifer ranges between 60 meter along the
eastern border drops to about 8§ meter near the shore (Environmental Planning
Directorate, 1996). From the available data, we have the Z coordinate of study wells
which is the level of ground surface and the level of well screen. So the depth from
surface to well screen was calculated directly by subtract the level of well screen from
the Z coordinate of study wells. Table (5.7) presented the depth from surface to well
screen of some study wells. Complete data of depth from surface to well screen of all
study wells the wells and sea shore line for all study wells are found in Annex 1.

Table (5.7): The depth from surface to well screen of some study wells

Ag No Surface Top screen 23??;%231
level level screen (M)
D/67 22.9 -56.1 79
A/180 24.1 -57.9 82
D/73 37.2 -41.8 79
D/72 21.6 -24.4 46
E/61 44.8 1.8 43
A/185 40.6 -39.4 80
D/71 28 -22 50
C/127 57.2 -17.8 75
D/74 40 -41.4 81.4
D/70 24.9 -17.1 42

5.2.8 Saturated Aquifer Thickness

Within Gaza Strip, the coastal aquifer overlies the saqiye group, which is
considered to be largely impermeable. The top of the saqiye group therefore marks the
base the coastal aquifer. Approximately 10 to 15 km inland from the coast, the saqiye
group pinches out, and the coastal aquifer rests directly on Eocene chalk and clastic
sediments of Neogene age. The thickness of the entire coastal aquifer is on the
average about 120 m. At the eastern Gaza border, the saturated thickness is about 60
m in the north, and only 5-10m in the south near Rafah. Localized perched condition
may exist in the unsaturated zone throughout the Gaza Strip. Due to the presence of
shallow fluvial and limnic clays (PWA, 2002).

5.2.8.1 Lithological Cross Sections

In literature 20 cross sections of the Gaza Strip were collected shown as
Figures (5.11) and (5.12). These cross sections show the distribution of impervious to
semi-impervious layers and lenses alternating with predominantly permeable sand and
calcareous sandstones. These sections represent the upper part of Kurkar Group
(costal aquifer) since the depths of the available wells are limited. Clay layers divide
the aquifer vertically into four sub-aquifers as mentioned before A, B1, B2 and C .
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The upper sub aquifer "A" is unconfined, whereas subaquifers "B1, B2, and C"
become increasingly confined towards the sea .

5.2.8.2 Determination Aquifer Thickness of Each Study Wells

Lithological Cross Sections are prepared and drawn to scale and so it can be
used to determine the depth of aquifer for each study wells as follows:.
e Select the lithological cross section number of each study wells.
e Select the distance between the well and sea shore line.
e Select the depth from surface to well screen and screen levels of wells
e After determining the previous variables, it easy to select the well subaquifer
and determining aquifer thickness of each study wells.

Table (5.8) presented the Lithological cross section number, sub aquifer and
saturated thickness of sub aquifer of some study wells. Complete data all study wells
are found in Annex 1.

Table (5.8): The Lithological cross section number, sub aquifer and saturated
thickness of sub aquifer of each study wells

Ag No Section Top. Bot. Su.b Sub. aquifer
No. screen screen aquifer thickness
D/67 99 -56.1 -66.1 C 80
A/180 99 -57.9 -67.9 C 90
D/73 99 -41.8 -51.8 A 53
D/72 99 -24.4 -48.4 A 41
E/61 99 1.8 -6.2 A 40
A/185 99 -394 -49.4 C 95
D/71 99 -22 -43 A 43
C/127 100 -17.8 -27.8 A 115
D/74 98 -41.4 -51.4 B2 50
D/70 99 -17.1 -65.1 A 40
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Figure (5.12.a): Lithological cross sections numbers for Gaza Strip Aquifer (IWA, 1991)
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Figure (5.12.b): Geological cross section number 93 (IWA, 1991)
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Figure (5.12.e): Geological cross section number 96 (IWA, 1991)
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5.3 Construction Data Matrix for ANN Model
5.3.1 Selection the Variables of ANN Model

One of the critical issues in training the ANN model is to select input variables
that are highly correlated with studied problem. The choice of variables (at least
initially) is guided by intuition. Understanding and expertise in the problem domain
and conditions gives initially idea of which input variables are likely to be influential.
Once in ANN, variables can be selected and deselect, and ANN can also determine
useful variables (Jiang and Cotton, 2004).

Hydrogeologically, the change of chloride concentration (salinity) depends on
many variables such as infiltration, abstraction, life time of abstraction from aquifer,
groundwater level, aquifer depth, aquifer thickness, and distance from sea shore line.
These variables were discussed in previous sections. They were chosen to predict the
chloride concentration which is a dependent of other variables. The chosen variables
are described in Table (5.9).

Table (5.9): The variables of ANN model

Variable Sym. | Unit Type

1 Final chloride concentration Cl; mg/1 Dependent

2 Initial chloride concentration | Cl, mg/1 Independent
3 | Recharge rate R mm/m*/month Independent
4 | Abstraction Q m’/hour Independent
5 | Abstraction average rate Qr mm/m’/month Independent
6 Life time Lt y Independent
7 | Groundwater level Wi m Independent
8 | Depth from surface to well Dw |m Independent
9 | Aquifer thickness Th m Independent
10 | Distance from sea shore line Ds km Independent

The ANN model operated under black box, that includes large number of
complex mathematical functions as discussed in Chapter 3. Equation (5.3) represents -
in simple way- the ANN model.

Cl;=f (Cl,, R, Q, Qr, Lt, W1, Dw, Th, Ds) (5.3)

5.3.2 Time Distribution Phases of ANN Model Data

The model data were extracted mainly from domestic wells in Gaza Strip
because they usually have records of chloride concentration twice a year in February
and October periodically. The time distribution divides the year in two phases A and
B. The phase A starts from April to September and the phase B starts from October to
March in next year. For example, time phase 1997-A extends from April 1997 to
September 1997 , time phase 1997-B extends from October 1997 to March 1998 and
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time phase 1998-A extends from April 1998 to September 1998, etc. So all other
factors were organized according to this time distribution. Table (5.10) presented the
time distribution phase of the ANN model for the years 1997 and 1998

Table (5.10) The time distribution phase of the ANN model for the years 1997

and 1998
Year Month Time phase
1997 April 1997-A
1997 May
1997 June
1997 July

1997 August
1997 September
1997 October 1997-B
1997 November
1997 December
1998 January
1998 February

1998 March

1998 April 1998-A
1998 May

1998 June

1998 July

1998 August
1998 September

5.3.3 Organizing of ANN Model Data

The organizing of ANN model data are required to construct some hundreds of
data cases of input and output variables. These cases construct data matrix. Data
organizing was carried out using software Ms. Excel and Access software. The data
matrix is considered as row material to ANN model. Table (5.11) summarizes
procedures of organizing ANN model variables.

Table (5.11): The procedures of organizing ANN model variables

Variable Sym. Organizing procedures
1 Final chloride Cl It is collected from PWA data bank.
concentration T | Tt is presented in Annex 2.
Initial chloride It is collected from PWA data bank.
2 . Cl, . .
concentration It is presented in Annex 2.
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It is calculated for each month as
noticed in section 5.2.3.4 then it is
3 | Recharge rate R summed to each time phase and the
monthly rate was calculated. It is
presented in Annex 3.

Monthly abstraction quantities for
study well is collected from PWA
data bank. Then it is summed for
each time phase and the hourly rate
was calculated. It is presented in
Annex 4.

4 | Abstraction Q

It was calculated for each governate
in Gaza Strip by summation of all
Abstraction average municipal abstraction quantities and
rate Qr | divide it to the each governate area
for each time phase.

It is presented in Annex 5.

It 1is calculated directly by
subtracting the year of operation
from the time phase year. It is
presented in Annex 1.

6 | Life time Lt

It is collected from PWA data bank.

7 | Groundwater level Wi It is presented in Annex 1.

It is calculated directly by
Depth from surface to Dw subtracting the level of well screen
well screen from the Z coordinate of study
wells. It is presented in Annex 1.

It is calculated for each well as
9 | Aquifer thickness Th | noticed in section 5.2.8.2. It is
presented in Annex 1.

10 Distance from sea Ds It is measured using Arc View
shore line program. It is presented in Annex 1.

By application the procedures in Table (5.11), the data matrix for ANN model were
obtained. The entire data matrix are presented in Annex 6. Table (5.12) presented a
side of ANN model matrix.
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Table (5.12) Side of ANN model matrix.

Time Well cl, R Q Qr |Ot|WI|Dw /| Th | Ds | CI Cl.
phase predicted
1997-A D/67 780 | 214 | 4823 | 1871 |20 | -2 | 79 | 80 | 24 | 550 95.7
1997-A E/61 66.0 | 1.93 | 3406 | 1871 |23 | -1 | 43 | 40 | 1.3 | 1450 | 120.1
1997-A | A/185 700 | 1.93 | 172.86 | 1871 | 14 | -2 | 80 | 95 | 3.6 | 100.0 61.2
1997-A | Cn27 920 | 1.93 | 6136 | 1871 (32| 0 | 75 | 115 | 5.6 | 100.0 85.9
1997-A D/74 56.0 | 1.93 | 139.37 | 18.71 2 | 81| 50 |20 650 74.9
1997-A D/68 92.0 | 1.93 | 177.38 | 18.71 2 | 72 | 58 | 26| 122.0 | 1016
1997-A D/60 1420 | 1.93 | 56.81 | 18.71 |38 | -2 | 45 | 43 |33 | 1290 | 1834
1997-A CI79 427.0 | 096 | 0.00 |1871 |27 | O | 64 | 90 | 6.4 | 384.0 | 4386
1997-A E/4 1080 | 1.93 | 81.63 | 18.71 | 37 | -1 | 34 | 124 | 47 | 100.0 94.4
1997-A | E/154 189.0 | 1.93 | 180.31 | 28.48 | 22 | -2 | 92 | 50 | 1.7 | 180.0 | 222.3
1997-A | C/128 2340 | 096 | 11865 | 1871 |13 | 1 | 110 | 86 | 7.7 | 259.0 | 221.2
1997-A | E/157 1420 | 1.93 | 19843 | 1871 |11 | -2 | 38 | 58 | 2.6 | 158.0 | 145.8
1997-A | E/156 1350 | 1.93 | 151.75 | 18.71 |17 | -1 | 70 | 80 | 42 | 1350 | 131.9
1997-A E/90 1420 | 1.93 | 7401 | 1871 |27 | -1 | 70 | 50 | 3.6 | 158.0 | 172.1
1997-A | R/162B | 1295.0 | 1.42 | 188.15 | 2848 | 31 | -1 | 70 | 30 | 1.7 | 1505.0 | 1472.7
1997-A | R/162LA | 262.0 | 1.35 | 126.23 | 2848 | 11 | -1 | 56 | 30 | 1.6 | 273.0 | 290.0
1997-A | R/162G | 440.0 | 1.93 | 196.53 | 2848 | 33 | -1 | 90 | 70 | 2.3 | 489.0 | 476.4
1997-A | R/25A 397.0 | 1.35 | 116.88 | 28.48 | 17 | -1 | 85 | 109 | 4.4 | 446.0 | 3798
1997-A | R/25D 600.0 | 1.35 | 181.30 | 2848 | 25| -1 | 50 | 109 | 45 | 619.0 | 627.0
1997-A | RI/254 385.0 | 1.35 | 117.92 | 2848 |12 | 1 | 46 | 36 | 1.4 | 417.0 | 4095
1997-A S/69 365.0 | 029 | 96.78 | 16.36 | 15| -1 | 73 | 71 | 5.1 | 417.0 | 3753
1997-A | J/146 517.0 | 029 | 95.09 | 1636 | 13 | -1 | 62 | 78 | 48 | 540.0 | 5496

5.3.4 Analysis of ANN Model Data

Considering only those cases that have complete numeric values for all

variables without any missing data, only 499 cases satisfy the above-mentioned
criteria from 1997 to 2003. ANN model might perform well over an entire space only
when the training data are evenly distributed in the space. As the current data are
collected from limited sources (56 municipal wells), they may constitute clusters.
Therefore, the distribution of each variables across its range in the database is

examined.

The frequency distribution of different variables studied across the range of
the 499 cases are represented graphically as histograms with normal distribution curve
in Figure (5.13). The mean, standard deviation and ranges of different variables used
to train the ANN is shown in Table (5.13). The entire data matrix are presented in

Appendix 6.
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Table (5.13): Mean , standard deviation and ranges of variables used to train the

ANN model
) . Std. Range
Variable Sym. Unit Mean
Dev Min. Max.
Initial chloride concentration Cl, mg/1 333.07 | 253.94 | 28.00 | 1412.00
Recharge rate R mm/m’/month 18.19 24.44 0.00 83.07
Abstraction Q m*/hour 105.55 57.99 0.00 254.94
Abstraction average rate Qr mm/m*/month 22.50 5.80 11.37 33.94
Life time Lt y 22.02 13.94 0.00 60.00
Groundwater level Wi m -1.16 1.15 -4.00 1.00
Depth from surface to well Dw m 6526 | 22.05 | 18.00 | 110.00
screen
Aquifer thickness Th m 64.17 27.25 | 30.00 | 124.00
Distance from sea shore line Ds km 3.38 1.47 0.60 7.70
Final chloride concentration Clg mg/1 341.11 | 261.09 | 35.00 | 1744.10
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Figure (5.13.a): Frequency distribution of initial
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Q = 499*50*normal(x; 105.5514; 57.9869)
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Figure (5.13.g): Frequency distribution of depth
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Ds = 499*1*normal(x; 3.3808; 1.4738) CIf = 499*200*normal(x; 341.1055; 261.089)
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Figure (5.13.i): Frequency distribution of distance  Figure (5.13.j): Frequency distribution of final
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Fig (5.13): Frequency distribution of the variables across the range of 499 cases

5.4 Procedural Steps in Building ANN Model

The ANN model was designed using the STATISTICA Neural Networks
(SNN) which built in STATISTICA program version 7. STATISTICA, is a program
where every analysis needed is at fingertips. Used around the world in more than 20
countries, StatSoft's STATISTICA line of software has gained unprecedented
recognition by users and reviewers. In addition to both basic and advanced statistics,
STATISTICA products offer specialized tools for analyzing neural networks,
determining sample size, designing experiments, creating real-time quality control
charts, reporting via the Web, and much more of the possibilities.

The procedural steps in building and applying for ANN model wvaries
according to the tool used in building ANN models. Using SNN, the procedural steps
involves the following procedures:

5.4.1 Data Importation

Feed the data matrix for SNN to train the Network by “importing” or through
the data entry process. The data must be in acceptable format such as spreadsheet. The
input data is the cases that the network use to train itself.

5.4.2 Problem Definition

Specify the inputs (Independent) and the output (Dependent) variable for the
ANN model. Initially, there are nine inputs variables and one output variables as
mentioned in Table (5.9).

5.4.3 Extraction of the Test Set

In SNN, The test set extraction is about 50% of cases for training. 25% for
calibration and 25% for testing and it is randomly selected and the user can change
these percentage. Test set provide a means by which the network knows when to stop
training and used for calibration and Testing.
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5.4.4 Network Design

Choose the appropriate architecture of network among the available networks
based on the type of the data and the problem. This step was previously presented in
section 3.6. After many trials, Multilayer Perceptron network (MLP) has been chosen
because of its high capabilities to generalize well in problems plagued with significant
heterogeneity and nonlinearity.

5.4.5 Network Training

Once the type of network has been chosen, the conditions to stop training
processes was set before the network is trained. Training was controlled by some of
conditions as: the maximum number of iterations, target performance which specifies
the tolerance between the neural network prediction and actual output, the maximum
run time and the minimum allowed gradient and .The overall training of the ANN will
involve the following processes; the input values of the first layer are weighted and
passed on to the hidden layer; the neurons in the hidden layer will produce outputs by
applying an activation function to the sum of the weighted input values; the resulting
outputs are then weighted by the connections between the hidden and output layer.
The desired results are generated in the output layer.

The network achieves the desired learning by adjusting its interconnected
weights continuously until there is a close match between the output from the neurons
and the output from the training data. The difference between the predicted outputs
and the original outputs is referred to as error.

5.4.6 Network Calibration

A trained network will continuously train in order to make a model perform
best on the training set. However, after some time, it is very possible for the network
to “memorize” the training set instead of learning it. In order to prevent the
possibility of memorization to occur, calibration is utilized. Calibration is a parameter,
which indicates that the network has trained enough thus stopping the iteration
process. This can be achieved in two ways;

5.4.6.1 Calibration Based on Best Test Set

When training begins at the interval specified, the Network stops to read the
test set and computes an average error for it. The error of the training set continues to
decrease until it becomes flat whereas the test set error decreases to an optimal point
after which it slowly increases. The Network could be saved at this optimal point
based on the best test set.

5.4.6.2 Calibration Based on Minimum Error Events

Training was ordered to stop when the number of invents since minimum error
for test set reaches a particular value. Calibration thus prevents over training of the
network and thus reduces the training time.

5.4.7 Testing of Network

After the network has been successfully trained well, it is then tested against a
set of cases withheld from it during its training session. The ANN is then ready to be
applied to any other values of variables.

The results are then presented in statistical manner. Regression analysis is
utilized to measure the degree of correlation between the actual output and the
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network output. Correlation factor (r) of 1 gives an indication of a perfect model while
an (r) of 0 indicates a very bad model. Mathematically the values of (r) represented in
equation (5.4). Detailed description for new built ANN model are presented in
Chapter (6).
Z(ucnm! ,— predicted, )2
R =1-+=—

(UC.I’HG!’I - .-‘H(.’{H?)

i (5.4)

pl

5.4.8 Application of the Network:

The built Network is then applied to any other values of input variables. The results
can be displayed in statistical form to determine the correlation between the actual
output and the predicted output. Detailed description about building and application
ANN model are presented in Chapter (6).
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Chapter (6)

Results and Discussion

6.1 Introduction

In this chapter, the procedural steps in building ANN model was applied in order
to create new ANN model able to predict chloride concentration using the input
variables which discussed in Chapter (5).

Many trials were applied to get best performance model. The initial modeling
trials were made using all input variables. From created ANN models, the importance
and effect of each variables was studied and represented, also the sensitivity analysis
was applied. Depending on the results of ANN models some input variables were
neglected and new modeling trials are made without using neglected input variables.
The predicted values of chloride concentration were compared with the observed values
of chloride concentration and the results presented in contour maps.

6.2 Characters of Initial ANN Model
6.2.1 Topology of ANN

Several ANN models were created and tested using SNN by varying the neural
networks type, the number of hidden layers, number of neurons in hidden layers and
stop training conditions parameters.

After a number of trials, the best neural network was determined to be Radial
Basis Function networks (RBF) with three layers: an input layer of 9 neurons, one
hidden layer with 44 neurons and the output layer with 1 neuron as shown in Figure
(6.1). The nine input neurons are: initial chloride concentration (CL,), recharge rate (R),
abstraction (Q), abstraction average rate of area (Qr), life time (Lt), aquifer thickness
(Th), groundwater level (WI), depth from surface to well screen (Dw), and distance
from sea shore line (Ds). The output neuron gives the final chloride concentration (CLy).
Figure (6.1)presented the topology of the ANN model.

6.2.2 Performance of ANN

The progress of the training was checked by plotting the training, and test mean
square errors versus the performed number of iterations, Figure (6.2) presented the
progress of the training proceses.
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Figure (6.3) presented a comparison of predicted chloride concentration using
ANN and the observed chloride concentration. Figure (6.3) shows a high correlation
between observed and predicted values of chloride concentration. The correlation
coefficient (r) between the predicted and observed output values of the ANN model is
0.9635. Other Regression Statistics of ANN model were discussed and presented in
section 6.2.3.

The high value of correlation coefficient (r) shows that the predicted chloride
concentration values using the ANN model are in good agreement with the observed
chloride concentration which give initial impression that ANN model are useful and
applicable. Comparison between simulated chloride concentration using ANN and the
observed chloride concentration on 1/10/2000 are presented in Figure (6.4).
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Figure (6.3): Comparison of simulated chloride concentration using ANN and the
observed chloride concentration
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Figure (6.4): Comparison of simulated chloride concentration using ANN and the
observed chloride concentration on 1/10/2000

6.2.3 Regression Statistics of ANN Model

In regression problems, the purpose of the neural network is to learn a mapping
from the input variables to a continuous output variable. A network is successful at
regression if it makes predictions with accepted accuracy.

SNN automatically calculates the mean and standard deviation of the training
and other subsets, when the entire data set is run. It also calculates the mean and
standard deviations of the prediction errors. The error ratio of the prediction to data
standard deviations is displayed (S.D. Ratio) if it is 1.0, then the network is bad
performance. A lower ratio indicates a better estimate.

In addition, SNN displays correlation coefficient (r) between the actual and
predicted outputs. A perfect prediction will have a correlation coefficient of 1.0. A
correlation of 1.0 does not necessarily indicate a perfect prediction (only a prediction
which is perfectly linearly correlated with the actual outputs), although in practice the
correlation coefficient is a good indicator of performance. It also provides a simple and
familiar way to compare the performance of neural networks with standard least squares
linear fitting procedures. The degree of predictive accuracy needed varies from
application to application.
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Regression statistics are listed as follows:

Data Mean: Average value of the target output variable.
Data S.D.: Standard deviation of the target output variable.

Error Mean: Average error (residual between target and actual output values)
of the output variable.

Abs. E. Mean: Average absolute error (difference between target and actual
output values) of the output variable.

Error S.D.: Standard deviation of errors for the output variable.
S.D. Ratio: The error/data standard deviation ratio.

Correlation: The correlation coefficient (r) between the predicted and observed
output values.

Table (6.1) present the values of regression statistics for the ANN model.

Table (6.1): The values of regression statistics for the ANN model

Regression All model | Training | Validation | Test
statistics data data set data set data set
Data Mean 341.1055 341.0527 361.3853 320.9324
Data S.D. 260.8273 259.5903 288.6549 230.7053
Error Mean 0.9367 0.0000 -3.4865 7.2561
Error S.D. 69.8102 57.5839 95.6191 60.7904
Abs E. Mean 44.3608 39.1642 54.0085 45.2320
S.D. Ratio 0.2676 0.2218 0.3313 0.2635
Correlation (r) | 0.9635 0.9751 0.9439 0.9657

It was noted that the values of regression statistics for the ANN model refers that

performance of ANN model is excellent as follows:

Low value of S.D. Ratio shows that the error between observed and predicted
chloride concentration values using the ANN model are small.

High value of correlation coefficient (r) shows that the predicted chloride
concentration values using the ANN model are in good agreement with the
observed chloride concentration.
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6.2.4 Response Presentations

Response presentations of initial ANN model are represented by response graph.
which shows the effect on the output variable prediction of adjusting input
(independent) variables. The ANN model was utilized to study the influence of the
input variables on output variable which is chloride concentration.

Figure (6.5) presented response graphs of the input variables of ANN model.
Figures (6.5.a,c,d,e,g,i) indicated that the chloride concentration increases nonlinearly
as chloride concentration initial, abstraction, abstraction average rate, life time,
groundwater level, and distance from sea shore line increase. Figures (6.5.b,f) indicated
that the chloride concentration decreases nonlinearly as recharge rate and aquifer
thickness increase. Figure (6.5.h) indicated that relations between chloride
concentration and depth from surface to well screen is not stable.
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6.2.5 Sensitivity Analysis

SNN conducts a sensitivity analysis on the inputs to a neural network. This
indicates which input variables are considered most important by that particular neural
network. Sensitivity analysis can be used purely for informative purposes. Sensitivity
analysis can give important insights into the usefulness of individual variables. It often
identifies variables that can be safely ignored in subsequent analyses, and key variables
that must always be retained. However, it must be deployed with some care, for reasons
that are explained below.

Input variables are not, in general, independent - that is, there are
interdependencies between variables. Sensitivity analysis rates variables according to
the deterioration in modeling performance that occurs if that variable is no longer
available to the model. In so doing, it assigns a single rating value to each variable.
However, the interdependence between variables means that no scheme of single ratings
per variable can ever reflect the subtlety of the true situation.

Consider, for example, the case where two input variables encode the same
information (they might even be copies of the same variable). A particular model might
depend wholly on one, wholly on the other, or on some arbitrary combination of them.
Then sensitivity analysis produces an arbitrary relative sensitivity to them. Moreover, if
either is eliminated the model may compensate adequately because the other still
provides the key information. It may therefore rate the variables as of low sensitivity,
even though they might encode key information. Similarly, a variable that encodes
relatively unimportant information, but is the only variable to do so, may have higher
sensitivity than any number of variables that mutually encode more important
information.

SNN conducts sensitivity analysis by treating each input variable in turn as if it
were "unavailable". SNN has defined a missing value substitution procedure, which is
used to allow predictions to be made in the absence of values for one or more inputs. To
define the sensitivity of a particular variable, v, the network first was run on a set of test
cases, and the network error was accumulated. Then the network was run again using
the same cases, but this time replacing the observed values of v with the value estimated
by the missing value procedure, and again the network error was accumulated.
(STATISTICA, 2004).

After that, It is expected some deterioration in error to occur. The basic measure
of sensitivity is the ratio of the error with missing value substitution to the original
error. The more sensitive the network is to a particular input, the greater the
deterioration we can expect, and therefore the greater the ratio. Once sensitivities have
been calculated for all variables, they may be ranked in order. SNN provides these
rankings, for convenience in interpreting the sensitivities. Table (6.2) presented the
value of error Ratio Rank of input variables.
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Table (6.2): The value of error ratio and rank of input variables

Variables Cl, R Q Qr Lt Th | WI | Dw | Ds
Error Ratio 3.08 | 1.04 | 1.05 | 1.09 | 1.10 | 1.08 | 1.02 | 1.07 | 0.99
Variables Rank 1 7 6 3 2 4 8 5 9
Training error ratio 3.62 | 1.05 | 1.18 | 1.17 | 1.22 | 1.12 | 1.04 | 1.11 | 1.01
Training variables Rank 1 7 3 4 2 5 8 6 9
Validation error ratio 2.64 | 1.02 1095 1.02|1.06 | 1.03 | 1.01 | 1.05 | 0.96

Validation variables Rank 1 6 9 5 2 4 7 3 8

Test error ratio 3.06 | 1.06 | 1.03 | 1.11 | 1.00 | 1.15 | 1.02 | 1.06 | 1.02

Test variables Rank 1 4 6 3 9 2 8 5 7

It was noted that value of Error Ratio of the initial chloride concentration (Cl,) is
the highest value of Error Ratio which mean that the final Chloride concentration (Cly)
is high correlated to initial chloride concentration (Cl,). The most other important
variables for this model is life time (Lt), abstraction average rate of area (Qr) and
aquifer thickness (Th). Other variables rank are presented in Table (6.2).

6.2.6 Determination the Real Importance of Input Variables

Sensitivity analysis does not rate the "usefulness" of variables in modeling in a
reliable or absolute manner. The cautious is needed during drawing the conclusions
about the importance of variables. Nonetheless, in practice it is extremely useful. If a
number of models are studied, it is often possible to identify key variables that are
always of high sensitivity, others that are always of low sensitivity and "ambiguous"
variables that change ratings and probably carry mutually redundant information (SNN,
2004).

To determine the real importance and ranking of variables, twenty ANN models
were created and sensitivity analysis was applied and results of sensitivity analysis were
presented in Table (6.3).

Table (6.3): Sensitivity analysis of twenty ANN models

Mgfel cl, | R| Q | Qr | Lt | Th | W1 | Dw | Ds
1 295 | 1.02 | 1.00 | 0.98 | 0.98 | 0.98 | 098 | 1.02 | 1.01
2 322 | 1.02] 098 | 1.06 | 1.01 | 1.00 | 0.99 | 1.02 | 1.04
3 352 | 1.00 | 1.04 | 1.01 | 1.02 | 1.04 | 1.03 | 0.98 | 1.04
4 3.00 | 099 | 1.00 | 0.99 | 1.01 | 1.02 | 1.01 | 0.98 | 0.99
5 314 | 099 | 1.00 | 0.98 | 0.99 | 0.99 | 1.00 | 0.98 | 0.96
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6 3.06 | 1.00 | 1.00 | 1.01 | 1.01 | 1.00 | 1.00 | 0.98 | 0.95
7 351 | 099 | 1.00 | 1.02 | 1.03 | 1.02 | 1.00 | 1.00 | 0.96
8
9

327 | 1.00 | 1.00 | 1.00 | 1.01 | 0.98 | 1.00 | 0.99 | 0.97
354 | 099 | 1.01 | 099 | 1.02 | 1.0l | 1.01 | 1.00 | 0.97

10 3.51 1.01 | 1.01 | 1.02 | 1.04 | 0.99 | 1.00 | 0.99 | 0.99
11 2.72 1.01 | 1.00 | 1.04 | 0.98 | 1.04 | 1.02 | 097 | 0.98
12 296 | 099 | 1.05 | 1.08 | 098 | 1.02 | 1.04 | 0.99 | 0.98
13 3.09 1.00 | 1.01 | 1.12 | 1.03 | 1.15 | 1.03 | 0.97 | 1.03
14 3.08 1.04 | 1.05 | 1.09 | 1.10 | 1.08 | 1.02 | 1.07 | 0.99
15 3.23 1.02 | 1.01 | 1.02 | 0.98 | 0.98 | 1.01 | 1.00 | 0.97
16 3.57 1.01 | 1.01 | 1.09 | 1.00 | 1.06 | 1.01 | 1.04 | 1.01
17 3.65 1.04 | 1.00 | 1.04 | 1.01 | 1.04 | 1.01 | 1.03 | 0.98
18 3.74 1.02 | 1.01 | 1.08 | 1.01 | 1.06 | 1.02 | 1.02 | 1.00
19 4.10 1.05 | 1.01 | 1.05 | 1.05 | 1.03 | 1.04 | 1.01 | 1.00
20 4.24 1.05 | 1.04 | 1.08 | 1.05 | 1.01 | 1.01 | 1.02 | 1.02

Total 67.10 | 20.26 | 20.23 | 20.73 | 20.32 | 20.49 | 20.23 | 20.07 | 19.85
Average | 3.355 |1.013 | 1.012 | 1.037 | 1.016 | 1.024 | 1.011 | 1.004 | 0.992
Rank 1 6 5 2 4 3 7 8 9

From the results in Table (6.3), the variables can be ranked as described in Table
(6.4). This rank is needed to identify variables that can be safely ignored in subsequent
modeling, and key variables that must always be retained. From the result three
variables with lowest sensitivity which is groundwater level (WI1), depth from surface to
well screen (Dw), and distance from sea shore line (Ds) can be ignored in subsequent
modeling.

Table (6.4) Rank of ANN model variables extracted from twenty ANN models

Rank Variable Action
1 Initial chloride concentration Retained
2 Abstraction average rate Retained
3 Live time Retained
4 Aquifer thickness Retained
5 Abstraction Retained
6 Recharge rate Retained
7 Ground water level Ignored
8 Depth from surface to well Ignored
9 Distance from sea shore line Ignored
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6.3 Characters of the Final ANN Model

6.3.1 Topology of ANN

Depending on the results of ANN models in Table (6.3), three input variables
were neglected and new training trials are made without using neglected input variables.
The neglected input variables is groundwater level, depth from surface to well screen,
and distance from sea shore line.

Several ANN models were created and tested using SNN by varying the neural
networks type, the number of hidden layers, number of neurons in hidden layers and
stop training conditions parameters.

After a number of trials, the best neural network was determined to be
Multilayer Perceptron network (MLP) with four layers: an input layer of 6 neurons,
first hidden layer with 10 neurons, second hidden layer with 7 neurons and the output
layer with 1 neuron as shown in Figure (6.6). The six input neurons are: initial chloride
concentration (Cl,), recharge rate (R), abstraction (Q), abstraction average rate of area
(Qr), life time (Lt), aquifer thickness (Th). The output neuron gives the final chloride
concentration (Cly).

\/

PIITT

Figure (6.6): Topology of final ANN model
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6.3.2 Performance of ANN

The progress of the training was checked by plotting the training, and test mean
square errors versus the performed number of iterations, as presented in Figure (6.7).
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Figure (6.7): Training progress of ANN

Figure (6.8) presented a comparison of simulated chloride concentration using
ANN and the observed chloride concentration. The Figure (6.8) showed a very high
correlation between the observed and predicted values of chloride concentration. The
correlation coefficient (r) between the predicted and observed output values of the ANN
model is 0.9848. Other Regression Statistics of ANN model were discussed and
presented in section 6.3.3. The high value of correlation coefficient (r) showed that the
simulated chloride concentration values using the ANN model were in very good
agreement with the observed chloride concentration which gave initial impression that
ANN model are useful and applicable. Simulated chloride concentration using ANN
model and observed chloride concentration on 1/10/2000 are presented in Figure (6.9).
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Figure (6.8): Comparison of simulated chloride concentration using ANN model
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Figure (6.9): Comparison of simulated chloride concentration using ANN and the
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6.3.3 Summary Regression Statistics of Final ANN Model

It was noted that the values of regression statistics for the ANN model which
presented in Table (6.5) referred that performance of ANN model was excellent as
follows:

e Low value of Error Mean, Abs E. Mean and S.D. Ratio showed that the error
between observed and simulated chloride concentration values using the ANN
model are small.

e High value of correlation coefficient (r) showed that the simulated chloride
concentration values using the ANN model are in good agreement with the
observed chloride concentration.

e By comparing regression summary statistics of final an ANN model (using
MLP with 6 inputs) and initial ANN model (RBF with 9 inputs), it was
concluded that the performance of final ANN model is better than the
performance of final ANN model.

Table (6.5): The values of regression statistics for final ANN model

Regression All model | Training | Validation Test

statistics data data set dataset | data set
Data Mean 341.105 295.877 345.200 361.427
Data S.D. 260.827 247.433 262.657 263.607
Error Mean 3.242 5.016 8.428 -0.196
Error S.D. 45.371 45.125 47.312 44.204
Abs E. Mean 29.798 29.262 32.128 28.911
S.D. Ratio 0.174 0.182 0.180 0.168
Correlation (r) 0.9848 0.9832 0.9837 0.9860
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6.3.4 Sensitivity Analysis

Table (6.6) presented the value of error Ratio and Rank of input variables for
the final ANN Model.

Table (6.6): The value of error ratio and rank of input variables

Variables Cl, R Q Qr Lt Th
Error Ratio 5.628 | 1.034 | 1.035 | 1.041 | 1.050 | 1.024
Variables Rank 1 5 4 3 2 6
Training error ratio 5.858 | 1.023 | 1.045 | 1.055 | 1.044 | 1.041
Training variables Rank 1 6 3 2 4 5
Validation error ratio 5.375 | 1.074 | 1.040 | 1.058 | 1.061 | 1.026
Validation variables Rank 1 2 5 4 3 6
Test error ratio 5.450 | 1.008 | 1.010 | 0.995 | 1.049 | 0.988
Test variables Rank 1 4 3 5 2 6

It was noted that value of Error Ratio of the initial chloride concentration (Cl,) is
the highest value of Error Ratio which mean that the final Chloride concentration (Cly)
is high correlated to initial chloride concentration (Cl,). The most other important
variables for this model is life time (Lt), abstraction average rate of area (Qr),
abstraction (Q), recharge (R) and aquifer thickness (Th).

6.3.5 Response Presentations

Response presentations of final ANN model includes two types of figures,
response graph and response surface.

6.3.5.1 Response Graph

Response graph shows the effect on the output variable prediction of adjusting
input (independent) variables. The ANN model was utilized to study the influence of
the input variables on output variable which is chloride concentration. Figure (6.10)
presented a response graph of each input variables of final ANN model.

Figures (6.10.a,c,d,e) indicated that chloride concentration increases nonlinearly
as chloride concentration initial, abstraction, abstraction average rate and life time
increase. Figures (6.10.b,f) indicated that chloride concentration decreases nonlinearly
as recharge rate and aquifer thickness increase. The detailed and comprehensive
discussion about the variables and their effects are presented in section 6.3.6.
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Figure (6.10.a): Response graph of Cl,
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Figure (6.10.b): Response graph of R

372
371
370 |
369
368 |
367 |
366
365 |
364
363 |
362
361
360 |
359 |
358 |
357 |
-40 -20 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280
Q

CIf
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6.3.5.2 Response Surface

A response surface is a figure shows the effect on the output variable prediction
of adjusting two input (independent) variables. The ANN model was utilized to study
the influence of each two input variables on chloride concentration. Figures (6.11)
presented response surface of each two input variables of final ANN model

Figures (6.11.a) indicated that the chloride concentration increases nonlinearly
as recharge decreases and abstraction increases and the effect of recharge is stronger
than effect of abstraction. Figure (6.11.b) indicated that the chloride concentration
increases nonlinearly as recharge decreases and abstraction average rate increases and
the effect of recharge is similar to effect of abstraction average rate. Figure (6.11.c)
indicated that the chloride concentration increases nonlinearly as life time increases and
recharge decreases and the effect of recharge is stronger than effect of life time. Figures
(6.11.d) indicated that the chloride concentration increases nonlinearly as recharge
decrease and aquifer thickness and the effect of aquifer thickness is stronger than effect
of recharge.

Figure (6.11.e) indicated that the chloride concentration increases nonlinearly as
abstraction and abstraction average rate increase and the effect of abstraction average
rate is similar to the effect of abstraction. Figure (6.11.f) indicated that the chloride
concentration increases nonlinearly as abstraction and life time increase and the effect
of life time is similar to effect of abstraction. Figure (6.11.g) indicated that the chloride
concentration increases nonlinearly as abstraction increases and aquifer thickness
decrease. In addition, it was noted that effect of aquifer thickness is stronger than effect
of abstraction.

Figure (6.11.h) indicated that the chloride concentration increases nonlinearly as
abstraction average rate and life time increase and the effect of abstraction average rate
is stronger than effect of life time. Figure (6.11.1) indicated that the chloride
concentration increases nonlinearly as abstraction average rate increases and aquifer
thickness decreases and the effect of aquifer thickness is similar to effect of abstraction
average rate.

Figure (6.11.j) indicated that the chloride concentration increases nonlinearly as
life time increases and aquifer thickness decreases. In addition, it was noted that effect
of aquifer thickness is similar to effect of life time.
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Figures (6.11) Response surface of each two input variables of final ANN model

6.4 Application of ANN Model

The ANN model was utilized in many practical and theoretical applications. It
was utilized as analytical tool to study the influence of the input variables on chloride
concentration. Furthermore, it was utilized as simulation and prediction tool of chloride

concentration on domestic wells in Gaza Strip. Finally it was utilized as a decision
making support tool.

6.4.1 Utilizing ANN Model as Analytical Tool

The ANN model was utilized to study the influence of the input variables on
chloride concentration. Hypothetical cases of input variables were assumed to study the
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influence of the input variables. Three level of confidence were assumed: the first one
was consolidating the values of input variables on the mean value and changing the
value of studied variable gradually from minimum value to maximum value in the range
of input variable.

The second level of confidence was consolidating the values of abstraction,
abstraction average rate and life time on the mean plus the value of standard deviation.
In addition it was consolidating the values of recharge rate and aquifer thickness on the
mean subtract the value of standard deviation which produce conditions lead to increase
chloride concentration in groundwater.

The third level of confidence was consolidating the values of abstraction,
abstraction average rate and life time on the mean subtract the value of standard
deviation and consolidating the values of recharge rate and aquifer thickness on the
mean plus the value of standard deviation which produce conditions lead to decrease
chloride concentration in groundwater.

To obtain the values of gradual changing for input variable from minimum value
to maximum value in the range of input variable, the range was divided to ten steps and
the value gradually was increased from minimum value to maximum value in the range.
Table (6.7) presented the hypothetical values of gradual change of input variables.
Hypothetical values of input variables for the three analysis conditions were computed
as explained above and they were presented in Table (6.7).

Table (6.7): Hypothetical values of gradual change for input variables

Cl, R Q Qr Lt Th

Unit mg/l mm/m*/month | m*/hour | mm/m*/month y m
Min. | 28.00 0.00 0.00 11.37 0.00 | 30.00
Max. | 1412.00 83.07 254.94 33.94 60.00 | 124.00
1 330.00 0.00 0.00 12.00 0.00 | 30.00
2 330.00 8.00 25.00 14.30 6.00 | 39.00
3 330.00 16.00 50.00 16.60 12.00 | 48.00
4 330.00 24.00 75.00 18.90 18.00 | 57.00
5 330.00 32.00 100.00 21.20 24.00 | 66.00
6 330.00 40.00 125.00 23.50 30.00 | 75.00
7 330.00 48.00 150.00 25.80 36.00 | 84.00
8 330.00 56.00 175.00 28.10 42.00 | 93.00
9 330.00 64.00 200.00 30.40 48.00 | 102.00
10 | 330.00 72.00 225.00 32.70 54.00 | 111.00
11 | 330.00 80.00 250.00 35.00 60.00 | 120.00
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Table (6.8): Hypothetical values of input variables for the three analysis conditions

Cl, R Q Qr Lt Th
Min. 28.00 0.00 0.00 | 11.37 | 0.00 | 30.00
Max. 1412.00 | 83.07 | 254.94 | 33.94 | 60.00 | 124.00
Mean 333.07 | 18.19 | 105.55 | 22.50 | 22.02 | 64.17
S.D 25394 | 2444 | 5799 | 580 | 13.94 | 27.25
M+S.D 587.01 | 42.64 | 163.54 | 28.30 | 35.95 | 91.41
M-S.D 79.13 -6.25 | 47.56 | 16.70 | 8.08 | 36.92
Normal Condition 330.00 | 18.00 | 105.00 | 22.00 | 22.00 | 65.00
Decreasing Condition | 330.00 0.00 | 164.00 | 29.00 | 36.00 | 40.00
Increasing Condition 330.00 | 43.00 | 47.00 | 16.00 | 8.00 | 91.00

6.4.1.1 Influence of Recharge Rate on Chloride Concentration

By application the above mentioned procedure and using the final ANN model
to calculate the value of final chloride concentration for each hypothetical case, the
effect of recharge rate on chloride concentration was studied. Results of the three
conditions (normal, increasing and decreasing) were presented in Figure (6.12) and
Table (6.9) and Table (6.10).
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Fig (6.12): Impact of recharge rate on chloride concentration
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Table (6.9):

Results of ANN model for hypothetical cases studied the effect of

recharge rate on chloride concentration
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Table (6.10): Summary of results of ANN model for hypothetical cases studied the

effect of recharge rate on chloride concentration

R Cl; Cl; Cl;
Decreasing | Normal | Increasing
1 0.00 316.89 346.00 363.06
2 8.00 315.78 342.11 358.88
3 16.00 313.21 337.45 354.22
4 24.00 309.44 332.21 349.20
S 32.00 304.73 326.58 343.91
6 40.00 299.33 320.70 338.45
7 48.00 293.47 314.71 332.86
8 56.00 287.35 308.67 327.19
9 64.00 281.12 302.67 321.47
10 72.00 274.89 296.75 315.71
11 80.00 268.75 290.91 309.93

It was noted that increasing recharge rate from 0 to 80 mm/m?*/month resulted in

a large influence in final chloride concentration as follows:

In normal condition, when the initial chloride concentration = 330 mg/l ,
abstraction =105 m3/hr, abstraction average rate = 22 rnm/mz/month, life time =
22 years and aquifer thickness = 65 m. Final chloride concentration decrease
from 346.00 mg/l to 290.91 mg/l. Final chloride concentration stayed stable of
330 mg/l on recharge rate of 28 mm/month.

In increasing condition, when the initial chloride concentration = 330 mg/I ,
abstraction =146 m3/hr, abstraction average rate = 29 mm/m’/month, life time =
36 years and aquifer thickness = 40 m. Final chloride concentration decreased
from 363.06 mg/l to 309.93 mg/l. Final chloride concentration stayed stable of
330 mg/l on recharge rate of 52 mm/ m*/month.

In decreasing condition, when initial chloride concentration = 330 mg/l,
abstraction = 47 m3/hr, abstraction average rate = 16 mm/m?/month, Life time =
8 years and aquifer thickness = 91 m. Final chloride concentration decreased
from 316.89 mg/l to 268.75 mg/l. In this condition final chloride concentration
stayed less than 330 mg/I for all values of recharge rate even if small values of
recharge because of very good condition of small value of abstraction,
abstraction average rate life time and large aquifer thickness.

It is noted that stabilization point of chloride concentration for normal condition
occurred at recharge rate = 22 mm/m”/month and for increasing condition occurs
at recharge rate = 52 mm/m*month which mean that increasing condition
required height recharge rate to achieve stabilization point of chloride
concentration. In decreasing condition final chloride concentration stayed less
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than 330 mg/l with values 316.89 mg/l to 268.75 mg/l for all values of recharge
rate even if small values of recharge rate were available.

6.4.1.2 Influence of Abstraction on Chloride Concentration

By application the above mentioned procedure and using the final ANN model
to calculate the value of final chloride concentration for each hypothetical case, the
effect of abstraction on chloride concentration was studied. Results of the three
conditions (normal, increasing and decreasing) were presented in Figure (6.13) and
Table (6.11).

Results of ANN model for hypothetical cases studied the effect of abstraction on
chloride concentration are presented in Annex 7.
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Fig (6.13): Effect of abstraction on chloride concentration

Table (6.11): Results of ANN model for hypothetical cases studied the effect of
abstraction on chloride concentration

Q C lf C lf C lf

Decreasing | Normal Increasing

1 0.00 299.29 335.6 350.68
2 | 25.00 298.00 335.1 351.47
3 | 50.00 297.08 335.0 352.75
4 | 75.00 296.49 3354 354.47

91



Chapter 6 Results and Discussions

5 | 100.00 296.19 336.0 356.55
6 | 125.00 296.11 337.0 358.93
7 | 150.00 296.20 338.1 361.53
8 | 175.00 296.39 339.5 364.29
9 1200.00 296.61 340.9 367.13
10 | 225.00 296.78 342.3 369.97
11 | 250.00 296.83 343.7 372.74

It was noted that increasing abstraction from 0 to 250 m’/hr results in a small

influence in final chloride concentration as follows:

In normal condition, when the initial chloride concentration = 330 mg/l,
recharge rate = 18 mm/m?*/month, abstraction average rate = 22 mm/m*/month,
life time = 22 years and aquifer thickness = 65 m. Final chloride concentration
increases from 335.6 mg/l to 343.7 mg/l. Final chloride concentration stays more
than 330 mg/1 for all values of abstraction.

In increasing condition, when the initial chloride concentration = 330 mg/l ,
recharge rate = 0 mm/ m?*/month, abstraction average rate = 29 mm/m*/month,
life time = 36 years and aquifer thickness = 40 m. Final chloride concentration
decrease from 350.68 mg/l to 372.74 mg/l. Final chloride concentration stays
more than 330 mg/1 for all values of abstraction.

In decreasing condition, when the initial chloride concentration = 330 mg/l,
recharge rate = 43 mm/m”/month, Abstraction average rate = 16 mm/m*/month,
life time = 8 years and aquifer thickness = 91 m. Final chloride concentration
Stays almost steady at 297 mg/l which mean that in good condition of small
value of Abstraction average rate and life time and large value of Recharge rate
and aquifer thickness, Increasing abstraction dos not affect on the chloride
concentration and it decreases about 33 mg/l which is good result.

6.4.1.3 Impacts of Abstraction Average Rate on Chloride Concentration

By application the above mentioned procedure and using the final ANN model

to calculate the value of final chloride concentration for each hypothetical case, the
effect of abstraction average rate on chloride concentration was studied. Results of the
three conditions (normal, increasing and decreasing) were presented in Figure (6.14)
and Table (6.12).

Results of ANN model for hypothetical cases studied the effect of abstraction

average rate on chloride concentration are presented in Annex 7.
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Fig (6.14): Effect of abstraction average rate on chloride concentration

Table (6.12): Results of ANN model for hypothetical cases studied the effect of
abstraction average rate on chloride concentration

Qr Cl Cl Cl

Decreasing Normal Increasing
1 12.00 287.56 313.29 322.78
2 14.30 293.28 320.67 333.63
3 16.60 298.50 326.61 342.53
4 | 18.90 303.48 331.32 349.55
5 | 21.20 308.46 335.06 354.83
6 | 23.50 313.64 338.11 358.58
7 | 25.80 319.18 340.75 361.08
8 | 28.10 325.20 343.25 362.64
9 | 3040 331.77 345.82 363.57
10 | 32.70 338.91 348.66 364.16
11 | 35.00 346.61 351.91 364.68
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It was noted that increasing abstraction average rate from 12 to 35

mm/m?*/month results in a large influence in final chloride concentration as follows:

In normal condition, when the initial chloride concentration = 330 mg/l ,
recharge rate = 18 mm/ m?*/month, abstraction =105 m’/hr, life time = 22 years
and aquifer thickness = 65 m. Final chloride concentration increases from 313.29
mg/l to 351.91 mg/l. Final chloride concentration stays stable and = 330 mg/l on
Abstraction average rate = 18.5 mm/m*/month.

In increasing condition, when the initial chloride concentration = 330 mg/l ,
recharge rate = 0 mm/m?*/month, abstraction =164 m’/hr, life time = 36 years
and aquifer thickness = 40 m. Final chloride concentration increases from 322.78
mg/l to 364.68 mg/l. Final chloride concentration stays stable and = 330 mg/l on
abstraction average rate = 14 mm/m”/month

In decreasing condition, when the initial chloride concentration = 330 mg/l,
recharge rate = 43 mm/m”*/month, abstraction = 47 m’/hr, Life time = 8 years
and aquifer thickness = 91. Final chloride concentration increases from 287.56
mg/l to 346.61 mg/l. Final chloride concentration stays stable and = 330 mg/I on
abstraction average rate = 30 mm/m”/month.

It is noted that stabilization point of chloride concentration for normal condition
occurs at abstraction average rate = 18.5 mm/m”*/month and for increasing
condition occurs at abstraction average rate = 14 mm/m*/month and for
decreasing condition occurs at abstraction average rate = 30 mm/m’/month
which mean that increasing condition requires smallest abstraction average rate
to achieve stabilization point of chloride concentration while decreasing
condition can achieve stabilization point of chloride concentration with height
value of abstraction average rate.

6.4.1.4 Influence of Life Time on Chloride Concentration

By application the above mentioned procedure and using the final ANN model

to calculate the value of final chloride concentration for each hypothetical case, the
effect of life time on chloride concentration was studied. Results of the three conditions
(normal, increasing and decreasing) were presented in Figure (6.15) and Table (6.13).

Results of ANN model for hypothetical cases studied the effect of life time on chloride
concentration are presented in Annex 7.
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Fig (6.15): Effect of life time on chloride concentration

Table (6.13): Results of ANN model for hypothetical cases studied the effect of life
time on chloride concentration

Lt Cl; Cl; Cl;
Decreasing Normal Increasing
1 0.00 291.91 326.36 358.44
2 6.00 29591 329.36 359.32
3 | 12.00 299.60 332.10 360.10
4 | 18.00 303.00 334.61 360.82
5 | 24.00 306.18 336.95 361.53
6 | 30.00 309.17 339.15 362.26
7 | 36.00 312.02 341.26 363.06
8 | 42.00 314.76 343.33 363.97
9 | 48.00 317.44 345.40 365.04
10 | 54.00 320.09 347.50 366.30
11 | 60.00 322.75 349.67 367.78
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It was noted that increasing Life time from 0 to 60 year results in a large
influence in final chloride concentration as follows:

e In normal condition, when the initial chloride concentration = 330 mg/l ,
recharge rate = 18 mm/m?*/month, abstraction =105 m’/hr, abstraction average
rate = 22 mm/m*/month, and aquifer thickness = 65 m. Final chloride
concentration increases from 326.36 mg/l to 349.67 mg/l. final chloride
concentration stays stable and = 330 mg/1 on life time = 7 years.

e In increasing condition, when the initial chloride concentration = 330 mg/l ,
recharge rate = 0 mm/m?/month, abstraction =164 m’/hr, abstraction average
rate = 29 mm/m*month and aquifer thickness = 40 m. Final chloride
concentration increases from 358.44 mg/l to 367.78 mg/l. Final Chloride
concentration stays more than 330 mg/1 for all values of life time.

e In decreasing condition, when the initial chloride concentration = 330 mg/I,
Recharge rate = 43 mm/m*/month, Abstraction = 47 m3/hr, abstraction average
rate = 16 mm/m2/month and aquifer thickness = 91. Final chloride concentration
increases from 291.91 mg/l to 322.75 mg/l. Final chloride concentration stays
less than 330 mg/1 for all values of life time.

e [t is noted that stabilization point of chloride concentration for normal condition
occurs at life time = 6 year. For increasing condition, chloride concentration
stays more than 330 mg/l with values from 358.44 mg/l to 367.78 mg/l and for
decreasing condition final chloride concentration stay less than 330 mg/l from
291.91 mg/l to 322.75 which mean that increasing condition can not be achieve
stabilization point of chloride concentration with all values of life time while as
decreasing condition was expected to achieve stabilization point of chloride
concentration with life time 70 year.

6.4.1.5 Influence of Aquifer Thickness on Chloride Concentration

By application the above mentioned procedure and using the final ANN model
to calculate the value of final chloride concentration for each hypothetical case, the
effect of aquifer thickness on chloride concentration was studied. Results of the three
conditions (normal, increasing and decreasing) were presented in Figure (6.16) and
Table (6.14).

Results of ANN model for hypothetical cases studied the effect of aquifer
thickness on chloride concentration are presented in Annex 7.
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Fig (6.16): Effect of aquifer thickness on chloride concentration

Table (6.14): Results of ANN model for hypothetical cases studied the effect of
aquifer thickness on chloride concentration

Lt Cl¢ Cl¢ Cl¢

Year | Decreasing | Normal | Increasing
1 30.00 294.57 33591 363.70
2 39.00 296.17 336.66 363.15
3 48.00 297.48 337.00 362.17
4 57.00 298.44 336.84 360.66
5 66.00 298.95 336.07 358.51
6 75.00 298.91 334.56 355.60
7 84.00 298.23 332.19 351.79
8 93.00 296.78 328.84 346.99
9 | 102.00 294.45 324.39 341.08
10 | 111.00 291.11 318.70 333.96
11 | 120.00 286.65 311.69 325.57
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It was noted that increasing aquifer thickness from 30 to 120 mm/m2/month
results in a large influence in final chloride concentration as follows:

e In normal condition, when the initial chloride concentration = 330 mg/l ,
Recharge rate = 18 mm/m”/month, abstraction =105 m’/hr, abstraction average
rate = 22 mm/m*/month and life time = 22 years. Final chloride concentration
decrease from 335.91 mg/l to 311.69 mg/l. Final chloride concentration stays
stable and = 330 mg/I on aquifer thickness = 90 m.

e In increasing condition, when the initial chloride concentration = 330 mg/l ,
recharge rate = 0 mm/m?*/month, Abstraction =146 m’/hr, abstraction average
rate = 29 mm/m*/month and life time = 36 years. Final chloride concentration
decreases from 363.70 mg/l to 325.57 mg/l. Final chloride concentration stays
stable and = 330 mg/l on aquifer thickness = 115 m.

e In decreasing condition, when the initial chloride concentration = 330 mg/I,
recharge rate = 43 mm/m*/month, abstraction = 47 m’/hr, abstraction average
rate = 16 mm/m*/month and life time = 8 years. Final chloride concentration
decrease from 294.57 mg/l to 286.65 mg/l. In this condition final chloride
concentration stays less than 330 mg/1 for all values of aquifer thickness even if
small values of aquifer thickness because of very good condition of small value
of abstraction, abstraction average rate and life time and large value of recharge
rate.

e It is noted that stabilization point of chloride concentration for normal condition
occurs at aquifer thickness = 90 m and for increasing condition occurs at aquifer
thickness = 115 m which mean that increasing condition requires height aquifer
thickness to achieve stabilization point of chloride concentration. In decreasing
condition final chloride concentration stays less than 330 mg/l with values from
294.57 mg/l to 286.65 mg/l for all values of aquifer thickness even if small
values of aquifer thickness.

6.4.2 Utilizing ANN Model as a Simulation Tool

The ANN model was utilized to simulate chloride concentration in some
domestic wells in Gaza Strip for the years exist in the time range of ANN model.
Contour map of chloride concentration of pumped groundwater was prepared for ANN
simulated results. Another contour map of observed chloride concentration of pumped
groundwater was prepared in order to compare between the observed and simulated
values of chloride concentration. These steps were prepared for October, 1997 and
October, 2001. Figures (6.17), (6.18), (6.19) and (6.20) presented the observed and
simulated chloride concentration of pumped groundwater in Gaza Strip in October,
1997 and October, 2001. The figures show high degree of similarity between the
simulated and the observed contour maps. The chloride concentration data of study
wells for October, 1997 and October, 2001 are represented in Annex 1.
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Figure (6.17): Observed chloride
concentration of pumped groundwater
in Gaza Strip (October, 1997)

Figure (6.18): Simulated chloride
concentration of pumped groundwater
in Gaza Strip (October, 1997)
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6.4.3 Utilizing ANN Model as a Prediction Tool

The ANN model was utilized to predict chloride concentration in some domestic
wells in Gaza Strip for the years do not exist in the time range of ANN model. Contour
map of chloride concentration of pumped groundwater was prepared for ANN predicted
results. Another contour map of observed chloride concentration of pumped
groundwater was prepared in order to compare between the observed and simulated
values of chloride concentration. These steps were prepared for October, 2007. Figures
(6.21) and (6.22) presented the observed and predicted chloride concentration of
pumped groundwater in Gaza Strip in October, 2007. The figures show high degree of
similarity between the predicted and the observed contour maps. The chloride
concentration data of study wells for October, 2007 are represented in Annex 8.
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Figure (6.21): Observed chloride Figure (6.22): Simulated chloride
concentration of pumped groundwater in  concentration of pumped Groundwater
Gaza Strip (October, 2007) in Gaza Strip (October, 2007)

6.4.4 Utilizing ANN Model for Future Scenarios Predictions

The ANN model was utilized to predict chloride concentration in some domestic
wells in Gaza Strip by considering three future scenarios. These future scenarios
considered mainly the influence of abstraction and abstraction average rate on chloride
concentration of groundwater in Gaza Strip.

6.4.4.1 Scenario 1: No Change of Abstraction Condition

This scenario included that abstraction quantity and abstraction rates will
continue as in 2007 abstraction conditions. The ANN model was utilized to predict
chloride concentration in the groundwater domestic wells for years 2010, 2020 and
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2030. Figures (6.23), (6.24) and (6.25) presented the predicted chloride concentration of
pumped groundwater in Gaza Strip for Scenario 1 in 2010, 2020 and 2030. The figures
show that chloride concentration increases very rapidly in most areas of Gaza Strip and
chloride concentration will exceed the 500 mg/l in most areas of Gaza Strip in 2030.
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Figure (6.23): Predicted chloride Figure (6.24): Predicted chloride
concentration of pumped groundwater in concentration of pumped groundwater in
Gaza Strip in 2010 for Scenario 1 Gaza Strip in 2020 for Scenario 1
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Figure (6.25): Predicted chloride concentration of pumped

groundwater in Gaza Strip in 2030 for Scenario 1
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6.4.4.2 Scenario 2: The Total Abstraction Will be Reduced by Half

Scenario 2 considered that abstraction quantity and abstraction rates fixed in half
value of abstraction in year 2007. The ANN model was utilized to predict chloride
concentration on study wells in Gaza Strip for this scenario for years 2010 and 2020.
Figures (6.26) and (6.27) presented predicted chloride concentration of pumped
groundwater in Gaza Strip for Scenario 2 in 2010 and 2020. The figures showed that
chloride concentration decreases slowly in most areas of Gaza Strip except of
Khanyounis area, the chloride concentration stays stable and does not improve as other
areas because of the aquifer thickness in this area is small relatively to other areas in
Gaza Strip. Also it was noted that areas with low chloride concentration increases in
slowly rates.

It was noted that predicted chloride concentration of pumped groundwater in
Gaza Strip in 2010 for Scenario 2 is almost similar to chloride concentration of pumped
groundwater in Gaza Strip in 2001 In addition it was noted that predicted chloride
concentration of pumped groundwater in Gaza Strip in 2020 for Scenario 2 is almost
similar to chloride concentration of pumped groundwater in Gaza Strip in 1997.
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Figure (6.26): Predicted chloride Figure (6.27): Predicted chloride
concentration of pumped groundwater  concentration of pumped groundwater
in Gaza Strip in 2010 for Scenario 2 in Gaza Strip in 2020 for Scenario 2
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6.4.4.2 Scenario 3: No Abstraction Condition

This scenario considered that no abstraction from groundwater and therefore
abstraction quantity and abstraction rates fixed as zero. The ANN model was utilized to
predict the reduction of chloride concentration in groundwater for one year of no
abstraction. Figure (6.28) presented the reduction of chloride concentration in
groundwater for one year of no abstraction

The ANN model was utilized to predict chloride concentration for this scenario
for years 2010 and 2020. Figures (6.29) and (6.30) presented the predicted chloride
concentration in 2010 and 2020. It was noted that predicted chloride concentration of
pumped groundwater in Gaza Strip in 2010 for Scenario 3 is almost similar to chloride
concentration of pumped groundwater in Gaza Strip in 1997 In addition it was noted
that predicted chloride concentration of pumped groundwater in Gaza Strip in 2020 for
Scenario 3 1s will reduced to very good levels and there is no salinity problem in most
areas of Gaza Strip.

It was noted that the improvement rate of chloride concentration with no
abstraction scenario is faster than the case with half abstraction scenario since that the
required time for reclamation processes of groundwater with Scenario 3 is less than
required time with Scenario 2.

The chloride concentration data of study wells for three Scenarios are
represented in Annex 8.
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Figures (6.28): The reduction of chloride
concentration in groundwater for one
year of no abstraction Scenario 3

Figure (6.29): Predicted chloride
concentration of pumped groundwater in
Gaza Strip in 2010 for Scenario 3
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Figure (6.30): Predicted chloride concentration of pumped groundwater in Gaza
Strip in 2020 for Scenario 3

6.4.5 Utilizing ANN Model as Decision Making Support Tool

From previous section it was realized that the reduction of abstraction rate
reduce the chloride concentration in the domestic wells. Therefore, ANN model was
utilized to determine the appropriate abstraction rate which help in stabilize the
chloride concentration in the domestic wells and on the other hand, the salinity in the
aquifer can be reduced with time. Furthermore, the developed ANN model is used to
determine the required duration for each value of abstraction to reclaim groundwater
aquifer around well area reach’;ing to WHO drinking water standards (250 mg/1).

Detailed study about well R75 in Gaza Governorate is presented as example for
applying the ANN model as a decision making support tool. The chloride concentration
of well R75 is 889.2 mg/1 at October, 2007. Aquifer thickness is 100 meter, life time is
16 year, the recharge average rate of well area is 0.8 mm/m2/month on time phase A
and 24.27 mm/m”*/month on time phase B. Moreover, the abstraction average rate of
well area is 36.22 mm/m*/month on time phase A and 31.54 mm/m?*month on time
phase B.

Figure (6.31) presented the annual change of chloride concentration in well R75
according to the changing of abstraction from this well. ANN model result showed that
the chloride concentration of well can be kept as present condition, with abstraction 55
m’/h. It also was found that in case of stopping abstraction from this well, chloride
concentration will decrease 27 mg/l per year. This means that local reclamation
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processes of groundwater aquifer around the well area will take 24 years to reduce
chloride concentration to 250 mg/I.
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Figure (6.31): Annual change on chloride concentration in well R75 according to
changing abstraction in the same well
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Chapter (7)

Conclusions and Recommendations

7.1 Conclusions

The following conclusions were made based on the results obtained from the

current study:

1.

A new approach for Groundwater salinity modelling in Gaza Strip utilizing ANN
was successfully developed and applied. ANN model was developed to study the
relation between groundwater salinity (represented by chloride concentration in
groundwater) and some related hydrological factors such as recharge rate (R),
abstraction (Q), abstraction average rate (Qr), life time (Lt), groundwater level (W1),
aquifer thickness (Th), depth from surface to well screen (Dw), and distance from
sea shore line (Ds).

After a number of modelling trials, the best neural network was Multilayer
Perceptron network (MLP) with four layers: an input layer of 6 neurons, first hidden
layer with 10 neurons, second hidden layer with 7 neurons and the output layer with
I neuron . The six input neurons represented the input variables which are: initial
chloride concentration (Cl,), recharge rate (R), abstraction (Q), abstraction average
rate (Qr), life time (Lt) and aquifer thickness (Th). The output neuron gives the final
chloride concentration (Cly).

The new approach generated very good results depending high correlation between
the observed and predicted values of chloride concentration. The correlation
coefficient (r) between the predicted and the observed output values of the ANN
model was 0.9848. The high value of correlation coefficient (r) showed that the
simulated chloride concentration values using the ANN model were in very good
agreement with the observed chloride concentration which mean that ANN model
are useful and applicable.

The ANN model proved that chloride concentration in groundwater is directly
affected by abstraction (Q), abstraction average rate (Qr) and life time (Lt).
Furthermore, it was adversely affected by recharge rate (R) and aquifer thickness
(Th).

The ANN model was successfully utilized in many practical and theoretical
applications. It was utilized as analytical tool to study influence of the input
variables on chloride concentration. Furthermore, it was utilized as simulation and
prediction tool of chloride concentration in domestic wells in Gaza Strip. Other
important application of ANN model that it was utilized as decision making support
tool.

The developed ANN model showed that if the abstraction rate kept the same as in
2007, chloride concentration will increase very rabidly in most areas of Gaza Strip
and the availability of fresh water will decrease in disquieting rates by year 2030.
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The developed ANN model showed that if the abstraction rate is decreased with
50% of 2007 abstraction, the chloride concentration of groundwater will decrease
slowly in most areas of Gaza Strip and it will be in 2010 almost similar to chloride
concentration of groundwater in Gaza Strip in 2001 and chloride concentration in

2020 is almost similar to chloride concentration of groundwater in Gaza Strip in
1997.

The developed ANN model showed that if the abstraction was totally stopped from
the aquifer, the chloride concentration of groundwater will decrease rapidly in all
areas of Gaza Strip and within one year, chloride concentration will be almost
similar to chloride concentration of groundwater in Gaza Strip in 2001 and within
three years, chloride concentration will be almost similar to chloride concentration
of groundwater in Gaza Strip in 1997.

Therefore, the current research showed that ANN model can be used in groundwater
quality management and it is comparable to other used approaches such as
groundwater modelling and statistical modelling. It showed that the strong remedial
actions for solving the groundwater deterioration problem in the aquifer of Gaza
Strip (salinity) are reducing the abstraction rate and increasing the recharge
quantities to the aquifer.

7.2 Recommendations

The following recommendations were made based on the results obtained from

the study:

1.

New water sources should be found and the abstraction from Gaza Strip aquifer
should be reduced with 50% at least, to solve groundwater salinity problem. This
action can reduce the salinity gradually with time and chloride concentration in
2020 will be as in 1997. This result could be achieved only in three years in case of
abstraction will totally stopped.

New wells should be constructed in appropriate areas that have large aquifer
thickness and high ability to infiltrate rainfall to groundwater depending on their
adversel reletion with chloride concentration.

It is recommended to close old constructed wells to reclaim groundwater aquifer
around the well area. In addition, some wells with very high chloride concentration
especially at the west area in Gaza city should be closed.

Although, the ANN model performed well, further studies about hydrological
processes using ANN in Gaza strip will enhance the utilizing ANN as modelling and
management approach.

Although, the ANN model performed well, further studies about using ANN model
in groundwater management approach is recommended. An example of these
studies is the effect of increasing recharge areas such as sormwater and treated
wastewater infilitration basins, on salinity. In contrast, the extention of urbanized
areas and their influence on slainity can be also a future study.
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6. It is recommended — in case of data available - a new ANN model to be developed

7.

in order to study the influence of other hydrological factors on groundwater salinity
such as hydraulic conductivity of the aquifer.

Due to the fact that seawater intrusion modelling using hydrogeological approach is
data and time consuming, it is recommended to analyse the phenomena using ANN
if there is enough related data in future.
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Annexes

ANNEX 1 : The general information of all study wells

Yearof | Eainfall Recharge Section | Top. | Bot. Sub
1 | Well No |Well type| X PWA |Y PWA |Z PWA [ Gov. | operation | Station |Land use Soil type coefficient | Ds [ Dw [ No. |screen|screen |aquifer| Th
2 DiE7 | Mumicipal | 1017159 1072179 229 [MNorth| 1987 | Batlalbia| open Sandy regozol 0.7 24 79 99 -56.1 | -66.1 5 2l
3| AMED | Mundcipal | 102458 9| 1070327 241 |Morth| 19583 | Baitlatwa | Buidtup | Sandy regosol 0.7 31| &2 o9 578 | -67.8 5 a0
4 D73 | Muricipal | 101036.5 | 1068274 | 372 |Morth| 1996 | Batlabia| open Sandy regozol 0.7 21 79 99 -41.8 | -51.8 A 53
5 Di72 | Mumdcipal | 1017393 | 1064624 | 216 [MNorth| 1993 Jabalia OpELL Sandy regozol 0.7 291 46 99 -24.4 | 484 A 41
] Effl | Mumcipal | 997374 | 1003393 448 |[Morth| 1974 Jahalia OpEn Sandy regozol 07 13| 43 99 1.3 -2 A 40
7| AMES | Mundcipal | 102530 | 1062523 408 |Worth| 1987 Jabalia | Bultup | Sandy regosol 0.7 36| 80 99 -394 | 454 5 95
8 | D71 | Mumcipal | 101458 | 106192.9 28 Morth| 1998 Jabalia open Sandy regosol 07 27| 50 29 -22 43 A 43
9 | CH27 | Municipal | 1047776 | 1061539 572 |Morth| 1957  |Bait hanon| Builtup | Sandy regosol 07 56| 75 100 178 | 2278 A 115
10| Df74 | Municipal | 1005037 | 1061041 40 WNorth | 1997 Jabalia OpELL Sandy regozol 0.7 814 98 414 | -514 B2 50
11| D0 | Mumcipal | 1014399 | 1058332 249 [North| 1996 Jabalia | Bultup | Sandy regosol 0.7 42 93 -171 | -65.1 A 40
12| D | Municipal [ 100834 7 | 105466 275 |[Morth| 1993 Jahalia | Bultup | Sandy regosol 07 27| 40 08 -12.5 | <575 A 58
13 Eié Wunicipal | 103013.3 | 105334.3| 352 |Morth| 1971 Jabalia | Bultup | Sandy regosol 0.7 46| 31 93 4.2 -7.8 5 100
14| Ef142 | Agricultwal | 99980 105260 | 4757 |Morth| 1993 Jabalia Open | Sandy regosol 0.7 2.1 [36.8 93 10,97 | -9.03 A 52
15| Dfé8 | Mundcipal [ 1005136 | 1051793 228 |MNorth| 1988 Jabalia Cpen | Sandy regozol 0.7 26| 72 98 -49.2 | -58.2 A 58
16| Dfd0 | Municipal [ 101286 | 105111.8 38 Morth | 1933 Jabalia | Bultup | Sandy regozol 0.7 33| 45 08 -9 -19 A 43
17| CH9 | Municipal | 105349.3 | 1050953 | 421 [MNorth| 1970 |Bait hanon |&griculture | Duite s siilie s 0.35 6.4 [63.6 99 -21.5 | 2315 A 90
18 E/4 WMunicipal | 103034 | 1050641 379 [North| 1960 Jabalia | Budtup | Sandy regosol 0.7 471 34 99 3.9 -19.1 A 124
19| E54 | Municipal | 99330 | 105052.3| 438 | Gaza| 1975 Jahalia | Bultup | Sandy regosol 07 17| 92 08 454 | -384 B2 50
20| C125 | Municipal | 106476.9 | 104891.2 fif Worth | 1984 |Bait hanon| Budtup | paiesasisiies 0.35 77 10 100 -44 -54 A 26
21| EMS57 | Mumepal | 1001559 | 1046698 | 26,2 |Morth| 1953 Jabalia | Bultup | Sandy regosol 0.7 26| 38 98 -118 | -58.8 A 58
22| EMS56 | Municipal | 102066.9 | 1045894 [ 272 |MNorth| 1987 Jahalia | Bultup | Sandy regosol 07 421 70 08 428 | -5238 5 20
23| EM0 | Muncipal | 1012779 | 10458277 462 |North| 1987 Jabalia | Bultup | Sandy regosol 0.7 36| 70 98 -23.8 | -33.8 A 50
24 | F/162B |Abandoned| 987254 | 1044022 535 | Gaza| 1971 Shat Bult up | Sandy regosol 0.7 1L7] 70 97 -1a.5 | -26.5 =3 30
25| Ci76 | Municipal | 1046671 | 1043371 | 411 |Morth| 1972 |Bait hanon| Buidt up | mw e ssdt b e 0.35% 6.5 38 09 31 -5.9 A a0
26 | RA62L | Municipal | 98442 | 1040372 | 569 | Gaza| 1985 | Gazacity | Bultup | Sandy regosol 0.7 1.7 110 97 -53.1 | -63.1 B2 45
27 |BAAZLA | Muncipal | 98320 104020 59 Garza | 1986 | Gaza city | Budtup | Sandy regosol 0.7 1.6 [559 97 31 -6.9 A 30
28 | RA62G | Municipal | 991659 | 1039524 | 357 | Gara| 1973 Jabalia | Builtup | Sandy regosal 0.7 231 30 97 -54.3 | -64.3 b 70
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Year of | Rainfall Recharge Section | Top. Bot. Sub
1 | WellNo [Wellbype | £ PWA | Y PWA |[Z PWA | Gov. |operation | Station | Land use Soil type coefficient | Ds | Dw Mo. |screen |screen |aguifer| Th
28 | RA62G |Municipal | 901659 | 1030524 | 357 | Gaza | 1973 Jabalia | Builtup | Sandy regosol 0.7 23] 90 o7 545 | 643 & 70
29 |EA6ZHA |Municipal | 99030 103700 32 Gaza | 1990 | Gazacity | Builtup | Sandy regosol 0.7 24| 85 97 -53 -3 & a9
30 | RA62H | Municipal | 990547 | 103663 33 Gaza | 1987 | Gazacity | Builtup | Bandy regosol 0.7 241 90 97 57 -67 & a9
31| 88 |Municipal| 1022205 | 103530 423 |Morth| 1999 Tuffah OpEtl  |Dadloewuisdlidimwf 0.7 5| 73 98 S307 | 347 & 104
32| RALZ |Municipal| 960612 | 1026502 | 207 | Gaza | 1963 | Gazacity | Builtup | Sandy regosol 07 06 | 36 96 -133 | 243 & in
33 | R234 |Municipal| 1007585 | 1025814 | 323 | Gaza | 1930 Tuffah | &gricnltare D e asddid e 0.7 44| 85 97 SEAT | AT & 109
34| RSB |Municipal | 1007787 | 1025272 | 331 | Gaza | 1950 Tuffah | Agriculture Dol e asddid w07 45| 52 o7 -189 | 280 & 109
35| RALY  |Agimltoal| 96120 102500 7 Gaza 1965 | Gaza city | Built up | Sandy regosol 0.7 nz| 32 08 -5 -1 &+E 40
36 | R25D |Municipal| 1008199 | 1024059 | 345 | Gaza | 1972 Tuffah | &Agriculture Dl o asddid e 0.7 45| 30 o7 135 | G255 A 109
37 | RAMC |Municipal | 1007747 | 102456 344 | Gaza | 1957 Tuffah | &griculture Dl e wasddid o 0.7 45| 45 o7 -106 | -206 & 109
38 | R34 |Municipal| 965424 | 1020555 | 361 | Gaza | 1984 | Gazacity | Builtup | Sandy regosol 0.7 14| 44 96 59 -359 & 36
39 | R265  |Municipal| 258094 | 1017076 | 391 Caza 1995 | Gazacity | open | Sandyregosol 0.7 1 | 39 25 0.1 -26.9 El 40
40 | B4 |Municipal| 100661.2 | 1015429 | 447 | Gaza | 1993 Tuffah | Built up Loess soil .35 5| 45 97 03 -10.3 & 100
41 Bf75 [Mlundcipal| 100472 [ 1012989 | 421 | Gaza | 1988 Tuffah | Built up Loess soil .35 5 | a2 97 -199 | 299 & 100
42 | 59 |Municipal| 917677 | 207029 677 |Midel| 1989 | Bar Elbaldh|Sgriculture | Loessial sandy soil | 023 51| 727 20 -5 -15 & 71
43| Ifda  |Municipal| 912003 | 904604 609  [DMdidel| 1987 | Bair Blbald | Agriculture | Loessial sandy soil| 025 48 | a2 o0 -11 -11.1 & 73
44 | LATY  |Municipal| E5572 | BV4606 285 |Khan | 1987 |Edhn Vowds| Openn  |Loessial sandysoil| 035 3| E6 87 575 | 675 C 35
45 | LAS0A |Municipal| E267E | B30E10 451 |Ehan | 1998 | Bhan Yomis| Open | Loessial sandy soil 0.7 25| &2 85 -lg8 | 260 B2 30
46 | LAY |Municipal | 226049 | 83047 428 [Khan | 1974 |Ehn Vomis| Openn | Losssial sandy soil 0.7 241 42 85 08 427 |Bl+B2 | 40
47 | LMET  |Municipal| 230402 | 242007 527 |Ehan | 1970 | Ehen Vowds| Built up | Losssial sandy seil| 035 34 82 25 -85 | 393 C 45
48 | LAY |Municipal| 328509 | 839351 55 |Ehan| 1987  |Khn Yomnis| Built up |Loessialsandysoil| 035 34| a0l 85 -7 -17 & Ell]
49 | L/M3  |Municipal| 230629 | 834614 599  |Khan | 1971 | Ehan Vowds| Built up |Loessial sandy soil| 035 3979 85 -191 | -291 & a9
a0 | LATE  |Municipal| 821866 | 832767 384 |Khan | 1988 |Eban Vowds| openn  |Loessialsandysoil| 035 34| 110 24 -Flé | -ElA C 30
51 Ll [Dundcipal| 343458 | 231605 616 [Khan | 1971 | Ehan Vods| Built up | Loessial sandy soil | 025 51| 54 B3 Th -45.4 & lt]
52 | PA3Y  |Municipal| 771666 | 320105 98 |Ehan| 1998 Fafah opetr | Sandy regosol 07 0& | 30 B2 -202 | -302 C 30
53| PA44 |Municipal| T83019 | B03Y63 322 |Rafeh| 1993 Fafah opent | Sandy regosol 07 28| 20 g2 S C 30
g4 | PA4A5S |Municipal| 793686 | 798564 | 482 |Rafeh| 1994 Fafah opett | Loessial sandy soil 0.7 4 | 75 g2 -68 | 318 C 40
85 | PASE  |Municipal| TETT2TF | TRT764E 477 |Rafeh| 1993 Fafah opetl | Loessial sandy soil 0.7 36 | &7 g2 -183 | 373 Bl i3
a6 | P24 |Municipal| T7308 70414 242  |Rafeh| 1987 Rafah | Built up | Sandy regosal 0.7 31 48 81 -238 | 333 & 42
a7 | PAS  |Municipal| TFY26.8 | FEA042 22 Eafeh| 1987 Fafah | Built up | Loessial sandy soil| 035 36 ] 18 81 4 -16 & 34
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ANNEX 2 : Chloride concentration (mg/l) of all study wells from 1997 to 2006

r= P e & = = = = - = o o e e =+ =+ L L o o = r=
e |8 |8 |&8| 8|8 |8 | 2 = = = S | 8| 8 = = = = = = = S
= = = = = = o o o o o o o o o o o o o o o o
S |8|2|E|2|E8|2|E |2 ||| |2|2 ||| ||| |2]|FE¢
1 |Ag No = s |s|s|=s|3]35 |3 > > > s | = | 3 > > > > > > > >
2 |Dve7 780|550 |56.0 [56.0 (420 WA 1420 353 355 353 425 355 |A00 (42K (4B (425 (463 |05 |4BE  [487 |8RF 5141
3 |AME0 350 WA |490 |560 (490 |30 700 [F7.0 |B40 922 1061 (9945 995 1136 1226 1276 [1322 1433 1562 [153.1 [172.1 1781
4 D73 A MA - |56.0 |R3.0 |B30 [63.0 B30 |5R0 [f0E [f08 |08 |640 716 |39 |632 (708 |BR2 |00 (701 |B26 |03 |6&7
5 D72 A MA - [MAC 710 |70 [MA Y00 B30 [B35 |85 (B8 [FB2 |7E4 |NA /05 780 704 (335|671 |B48 [/89 |Bd5
B |[Ef1 B5.0 1450420 [135011820 NA 3850 (749.0 1412.0 1744 1 (2229 3 |NA, MA - [NA M M M M M, M, M, M,
7 |ANES 700 000|770 [35.0 )840 |FF.0 913 (910 847 1064 (1132 1060 1074 [120F 1345 1347 [T 15311 1434 [139.2 1506 1443
g |0/ A MA 700 |78.0 (740 [BBO 7.0 [F0.0  [F7F 1822 000 [F1.0 (855 |NA 956 |957 934 (390 |76 1240 [932 995
9 |chXF 920 000|700 [Fo0 |70 840 |FF0 (770 F7F 0 F7S (B2 |NA MA - [MA Ml Ml Ml Ml M, M, M, M,
10| D74 8.0 |B5.0 860 (1.0 |F7.0 770 (770 [F70 RS (Y08 (520 |BRE [NA|MNA MA g3.h 986 |NA 1207 1322 |1B5.5 1971
11 |D70 780 NA - |70.0 [35.0 880 INA 910 310 988 (993 1071 |FB (998 [1065 1118 M0s4 (1124 154 1238 [1367 1219 1413
12 | DS A MA 7.0 |78.0 |F00 [F00 (850 910 (988 [1056 1143 |852 (998 1156 1359 (1120 (1243 257 1225 1536 1219 [126.1
13 |ESB 1240 [NA |AE0 [B50 (770 |00 (840 (310 988 993 [1061 (850 NO78[1141 (989 19893 1051 (1051 (1156 1113 [1218 |15
14 |[EA42 A MA 770 00011201050 [MA - NA MA, MA, A, A, MA - [MA M M4, M, M, MA, MA, MA, A,
15 | DG 920 PNE0M2001200)95.0 1119.0/91.0 1260 271 1347 (1428 1060 14261420 1417 1489 [1168 1464 1761 (983 |1506 |1B5.7
16 |00 1420 (1220 1129.0 121.0 [112.0 [105.0 |NA  |NA M, M, M, M, MA - [MA Ml Ml Ml Ml M, M, M, M,
17 |C7Y 4270 3840 |NA [MA (4270 4R37 |4583.0 [478.0 |473.0 (4892 [B02.5 (4760|4797 (4757 [NA M4 [, [, MA, A, A, A,
18 |E/ 103.0 (10000840 |78.0 [fO.0 |700 |¥7.0 [F7.0 |BR5 |779 [f08 |7789 877 923 [71.2 |09 1818  [MA /8.1 835 (932 870
19 |[EA54 189.0 [180.01178.0|230.0 [266.0 |190.0 |322.0[371.2 [46R.0 |567.2 |2357 [177.6 |841.0 1036.6 [1302.0 [1545.0 |1800.0 |2092.0 |2458.0 |2916.0 |2767.0 [MA
20 |CA28 234.0 2590|2170 (2350|2170 224 0(231.0 (2450 2471 (2482 [261.8 |248.0 2200|2866 (2582 |NA 2474 12513 (2485 (2452 2510 2539
21 |[EANS7 1420 [158.0136.0 15860 [161.0159.0 18201750 [1765 1702 1786 [127.89 1893|1846 [1837 [2056 |1874 [1916 1877 |2025 1981 [210.7
22 |[ENSE 135.0 [135.0NA 12101400 NA 1400 (161.0 [153.0 148.8 |1846 [156.0 |164.7 1562 (1689 [141.8 |161.5 |na 162.0 [167.0 1701 171.0
23 |[EMO 1420 [158.0105.0 [NA - (14701540 MBE.O[175.0 [1393.1 1772 |NA 191.0 (20051846 2006 [M27 (206868 |66 |213.0 (2157 (2213 23581
24 |RABZE  [1295.0(504.0)530.0 1457 0 (491.0 [450.0 |[NA  [MNA M, M, M, M, MA - [NA M M M M M, M, M, M,
25 |CFE A 420.01420.0 4700 [445.0 [NA - |525.0(532.0 5788 |miss |B0B6 [593.0 |R158 k248 [AO62 7090 |FO22 |7242 7242 |6B9.4 |709.9 |E74.1
26 |RABZL  [MA 312.0|300.01319.0 [272.0 [300.0 41350 |NA 4991 14942 [521.4 |518.0 |B20.0|6248 7419 |E77.0 3502 (B335 |BEE.S |NA M, MA,
27 |RABZLA 2620 [273.0)267.0 1284 0 [224.0 [315.0 |[NA  [MA 451.8 |NA Be4.3 |710.0 [F10.0(823.6 (9329 |1035.0 [11458.0 1267.0|1376.0 |2055.0 |2004.0 |2053.0
28 |RABZG (4400 [489.01441.0 4610 (4350 |4R9.0 4900 [514.0 5154 (5266 [542.0 [782.0 |542.0(5538 [5937 |ROXY |R18.2 [A35.4 |RSDZ |ARGG [BE3.5 |703.6
29 |RABZHA [MA MA - [455.0 48350 [462.0 [NA - (NA - 14900 [501.3 |5126 (4857 [490.0 |520.5)511.2 |5335 (5176|5252 |5338 [4565 5354 |SR2E [5639
ANIEARAH 1180 IMA  [(RAROIATI OI497 QAR OIAZR O I480 0 (AR S lANAA (48R 7 14800 (477 71AR0S 1ANA 2 (4821 147894 [47R0 (4778 147R3 [AN2 4 48R0
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r= P~ e e = = = = = = o & ey e = = s s @ ) = =
s | 8|8 || 8|28 |28 | 8 = = S s | 2| 8 S S = = = S S S
s |2|2|2|2|2|2| 2|8 || ||| |2|2|8|2|28|2|2|E¢E
1 |Ag No s ||l |||z ]|]35]| 3 s s s s | = | = > > s s s > > =
30 [RAB2H 4190 (WA |546.0(511.0|497.0 [469.0 |476.0 (4900 |508.3 |505.5 (4857 4900 (4777|5609 |505.2 [4821 |479.4 |476.0 (4778 4763 (5024 |485.0
31 | CWeE MA MA INAMA L 470110 B0 [171.4 17ES [NA 1500 770 (1731704 187 1773 1978 (1974 2041 2444 (2151 2313
32 [RA12 568.0 [993.0|455.0 |707.0|482.0[784.0)392.0 (358.0 |586.3 (9576 4954 |1079.0 (7308 12700 [512.0 |2049.0)2008.0 [2054.0 |2341.0 |25365.0 |2954.0 123950
33 [RE5A 3570 [446.0)437.0 4260 |455.0 [435.0483.0 (4650 (4729 (4521 |500.0 |483.0 |434.5)497.0 5051 5211 [742.0 |491.56 (5020 5306 |507.1 |516.3
34 |RAEEE 4500 [MA|532.0 (497 .01490.0 [421.0)539.0 [564.0 |miss [5459 |500.0 (5040 5134|5396 |5556 |5176 |492.0 |528.0 (5368 |5446 5282 |557.8
35 [RA13 M MA (420 |206.0)235.0 WA |259.0 (2800 (3036 [313.2 |328.6 |NA 3351|3266 |5332.4 |3368 |351.5 [354.3 |NA A MA M
36 [R50 G00.0 (B19.0 [546.0 |B03.0 [625.0 |574.0 |572.0|714.0 |706.0 |716.1 [750.0 (7100 727 0(74558 (7813 |74456 |bd20D 7473 |7586 |7B1.0 7324 (7530
37 |RE5C A F3L0(NANA - [FEEDNA [MA  NA 9320 94289 |HEE MA MA NA A 978.4 |NA MA 1018.0 [NA 1013.01011.0
358 [R254 3850 [417.0)315.0 3900|3720 (385.0 |413.0 (3920 (4024 (4129 [407.0 |3978 3636|3092 (3424 |3438 |3257 [3451 |366.8 (3573 |398.3 (4161
39 [RAERS A 1295|560 [135.0140.0 [MNA - 1600 [MNA 1836 |NA 2214 [199.0 19961936 2042 [M27 |219.0 [Z71.2 257 6 |NA 2B53 2962
40 [R74 FB7.0 [MAFER.0[F740)E51.0 NA NA [MNA A MA MA MA MA 7455 (186 |NA A G527 |B948 |7322 7568 7816
41 |R75 710.0 |MA 7070|7450 )NA  [MA  NAIMA A, MA MA MA, MA NA A MA A, A MA, MA, g5y 7 8892
42 |5/89 3B5.0 [417.0)336.0 |400.0 |13685.0 [3535.0 |406.0 [425.4 |466.0 [NA 431.7 [NA 436.0 |NA 4454 14609 4611|4771 (4825 (4744 5163 (5091
43 [1A146 517.0 [540.0)506.0 |541.01539.0 [525.0|574.0 [567.0 5773 [NA S66.2 [MNA BO7.8 |MNA G000 k3581 |B406 |B48.8 |E759 |BE2Y [7028 [731.4
44 L1179 532.0 [597.0)315.0 |369.0 |336.0 [371.0|420.0 [420.0 |NA A A 4334 |MA (4047 (3545 |NA A A 4259 [NA MA M
45 [LITABA  [MA MA  |1859.0 Z45.0 |2B0.0 |NA - |NA  |350.0 (2366 (3256 (3242 |3269 |316.0|308.0 |3152 |5304.9 |324.3 (3344 (3351 [326.3 |5522 |41585
46 L1589 A 356.0 [497.0 |491.0 |483.0 |504.0 (490.0 |4R9.0 (468659 (4963 (4860 |4747 4726 (4726 |574.2 [4B57 5142 |517.9 |58B5 5287 |588.0 |5737
47 |7 9M58.0 |782.0|756.0 7820 |782.0 |7a0.0|NA 3360 (9181 [248.4 |NA 9454 |954.0|935.0 (3435 (9288 (9173 19311 [NA g7/6.7 |896.4 (8522
458 L1327 454.0 |AE9.0|580.0 5860|5950 |MA  |E30.0 (6783 |BEY.7 |RB3.6 |RA07 |708.5 (BR4.0|737.45 7841 [V01.8 |672.0 |MA GR35 |BEG.0 |B79.1 |B5RTF
49 |43 639.0 [6E4.0)630.0 |660.0)611.0|630.0|657.0 (7000 |R95.45 [F14.8 |7188 7227 7446|7446 7549 [709.0 |754.2 |7594 |7750 7RS4 |786.5 |BRO.S
50 [LA178 532.0 [597.0|560.0|595.0)630.0 |MNA - |B79.0 [MA 7442 18139 |58 8502 |826.0(395.0 |BES.4 [790.1 [743.0 |[NA 4531.8 [NA SRD.5 |BO9.5
51 L4 M 8586.0 [889.0 |925.0 (9450 |245.0 (9520 10139 (9876|9909 [972.0 [NA 9740|9666 |9B9.5 (2111 9578 (9799 |1007.0|1005.0(1033.0 1061.0
52 [PA39 MA MA 280 |50.0 |35.0 [49.0 |NA  |MNA A MA MA, MA, MA - NA A A A 1451 1610 (1657 |2263 |286.8
53 [PA44 193.0 |203.0 (165.0 1770 (217.0 12100 [NA - (2427 2643|2786 2044 2450 2936 (2936 |2806 |319.1 [MWA A A A MA M
a4 P45 A MA |118.0 Z45.0 |210.0 2460 |NA - 12670 (243 [271.4 (2819 2534 2864|2864 3124 |53261 |340.2 (3571 [377.0 (3806 4162 |4518
55 [PA35 205.0 [193.01658.0 WA 191.0 (994 857 [114.2 |NA 1286 2044 1417 (1718|1862 2338 2967 (3343 |3796 [433.0 |4233 4662 |5059.1
86 [PA24 356.0 |371.0359.0 |345.0 |365.0 |397 .0 NA_ |MNA 42435 14428 |444.0 |708.5 (4552 [458.2 |NA A 452.4 |NA 4748 |4734 (4985 5235
af 1PA5 550 [BSE.014900 B17.01MA  [630.01425.0 671.0 16955 [F21.4 INA 4261 (716014439 (6235 |FERS (G491 IMA 053 (WA A /759
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Annexes

ANNEX 3 : Recharge rate (mm/m*/month) for all study wells from 1997 to 2006

Rech. ) < | 0|0 | <0 <0 g 0 0 g 0 ) 0 | O <)@

Station [ [ o o 7] 7] =] [=1 - - od cd [ar) [} =+ =+ 1 1 w w

Coff. (=2} (=2} =) =) o @ =] = (= (= = = = = (=] (=] o o =] =

1 |Ag No gl e ||l |2g|l2|R|E|8 | 8|8/ |s|lsa|sa|la|&a|&|&| &
2 |D/B7 0.70 Baitlahia [2.14]42.35(0631748[2.22[48.11[012[5546|0.58|62.13|1.11[83.07|1.40(45.30)1.21]36.19|1.38|41.07[2.00| 54 8R
3 [AM8B0 070 Baitlahia [2.14[42.35[05311748)2.22(48 11 {012{5546|0.88|62.13]1.11]83.071.40(45.30(1.21136.19]1.38[41.07|2.00{55.86
4 |0f7a 0.70 Baitlahia [2.14]42.35(0631748[2.22[48.11[012[5546|0.58|62.13|1.11[83.07|1.40(45.30)1.21]36.19|1.38|41.07[2.00| 54 8R
o |Df72 070 Jabalia 1934918 (044113.04[147143.86)12.04(60896(2.14|63.84|2.62|78.19]1.41|42.10(1.31[38.99(1.31]38.99]|2.03|60.59
B [E/R1 0.70 Jahalia  |1.83[49.18|044113.04[147|45.86(2 04|60 96(2.14|63.84 |2 627819 1.41[42.10(1.31[38.99]1.31]|38.89)2.03|60.59
T |AMNBS 070 Jabalia 1.93(4918(044113.04[147143.86)12.04(6096(2.14|63.84|2.62|78.19]1.41|42.10(1.31[38.95(1.31138.99]|2.03|60.59
a (D71 0.70 Jahalia  |1.83[49.18|044113.04[147|45.86(2 04|60 96(2.14|63.84 |2 627819 1.41[42.10(1.31[38.99]1.31]|38.89)2.03|60.59
9 |CH27 0.70 Bait hanon |1.93[4918(0.28|18.14|1.52|146.16|0.00(56.00({0.28|62.29|1.69|92.11|1.40(41.35(1.36(4048(1.39|41.64|1.93|27 56
10 (D74 0.70 Jahalia  |1.83[49.18|044113.04[147|45.86(2 04|60 96(2.14|63.84 |2 627819 1.41[42.10(1.31[38.99]1.31]|38.89)2.03|60.59
11 1070 070 Jahalia 1893(4918(04411304|147)14386|204(6086(2 1463842 62|178.19|1.41|42.10(1.31[38.85(1.31|38.99|2.03|60.59
12 [D/BS 0.70 Jahalia  |1.93{49.18|044 115304 [147|4586(2 04|60 96(2.14 6384 |2 627819141 (42.10(1.31[38.99]1.31|38.89)2.03|60.59
13 |E/R 070 Jahalia 183(4918(04411304|147)14386)|204 (60 86(2 146384 |2 62|78.19|1.41|42.10(1.31[38.85(1.31|38.99|2.03|60.59
14 |[EiN42 0.70 Jahalia  |1.93[49.18|1044 115304 [147|4586(2 04|60 96(2.14 6384 |2.62|78.19][1.41(42.10(1.31[38.99]1.31]{38.89)2.03|60.59
15 |D/EA 0.70 Jahalia 183(4918(044(1304|147|4386|204 (60 86(2 146384 |2 62|78.19|1.41|42.10(1.31[38.85(1.31|38.99|2. 03|60 .59
16 |0VB0 070 Jabhalia 1934918 (044113.04[147143.86)12.04(6096(2.14|63.84|2.62]78.19]1.41|42.10(1.31[38.99(1.31]38.99]|2.03|60.59
17 |CHA .35 Bait hanon |0.86(24 58(028| 907 |0.76|23.08|0.00(28.00({0.28]3114|085|46.05|0.70|20 67 [0 68(20 25(0. 70|20 82|10 96|28 78
18 |EM4 070 Jabhalia 1934918 (044113.04[147143.86)12.04(6096(2.14|63.84|2.62]78.19]1.41|42.10(1.31[38.99(1.31]38.99]|2.03|60.59
189 |E/154 070 Jahalia 183(4918(044 (130414743 86|12 04|60 86(2 1463842 62|78.19|1.41|42.10(1.31[38.85(1.31]138.99|2 03|60 .59
20 |28 .35 Bait hanon |0.86(24.58(0.28] 9.07 |0.76)23.08|0.00{28.00{0.29131.14|0.85146.05|0.70| 2067 |0 68(20.25[{0.7/0|20.82|0.96|28.78
21 |[ENaY 0.70 Jahalia  |1.83[49.18|10441153.04[147|4586(2 04|60 96(2.14|63.84 |2 .62|78.19[1.41(42.10]1.31[38.99]1.31]|38.89)2.03|60.59
22 |ENGE 070 Jabalia 1934918 (044113.04[147143.86)12.04(6096(2.14|63.84|2.62]78.19]1.41|42.10[1.31[38.99(1.31138.99|2.03|60.59
23 |[EfM0 0.70 Jahalia  |1.83[49.18|044113.04[147|45.86(2 04|60 96(2.14|63.84 |2 62| 78.19[1.41[42.10]1.31[38.99]1.31]|38.89)2.03|60.59
2 |RMB2E 070 shati 1.4202284(0.23]16.31|0.88149.16)10.19(54 40({0.64 |58.81[210]71.28]1.07|39.39[ 1 12{33.48[1.20135.811.77[522.54
25 |CITR 0.35 Bait hanon |0.96|24.59)10.29] 9.07 |0.76|23.08(0.00)28.00({0.29/31.14|0.85|46.05|0.70(2067|06E[20.25|0.70|20.82|0.096]28.78
26 [RMB2L 070 Gazacity |1.35[(3986[0.27]18.19]1.03|140.81|0.14 (56 46[0.37|61.79|2.18|71.65)1.07 (40791 1930 67[1.22|136.39]1.89|26.58
27 |RMB2LA 0.70 Gazacity |1.35|30.86|0.27]18.19[1.03|4081(0.14 |56 46[0.37 61792187165 1.07 (40,791 18[35.67|1.22|36.39]|1.89|56.58
28 |RMB2G 0.70 Jabalia 1.93(4918(044113.04]147)143.86|12.04(6096(2.14|63.84|2.62|78.19|1.41|42.10(1.31[38.99(1.31|38.99|2.03|60.59
20 |[EMB2HA 070 Gazacity 1135130 86102711819[1.03140 81014158 4610 37161 712 18171 RSIT 07 (407311 1835 6711 22136 3911 89156 58
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Rech. | .. .. || @ (< /60 £/ 0@ < |0 </ Q| @O <) 0O £ 0O || O <) @O

Coff, | Stlion | 5 12/ 8|2/ 8 |8|8|as|ls|8|8|8|8|32|2|8|8|8|8
1 |Ag No ) | 2|82 || |R|R|R| R |f|d|&|&|&| & |&|a|a|&a
30 |Ri162H 0.70 | Gazacity |1.35]39.96({0.27(18.19]1.03]40.81]0.14]|56.46|0.37]61.79]2.18|71.65[1.07[40.79]1.19|35.67[1.22(36.39] 1.89|56.58
31 | QA8 0.70 Tuffah  [1.35]38.96(042[12.64]1.35]40.32[2.02[60.21|2.28|68.22|2.47|73.77]1.63[48 67| 1.31|38.99[1.37[41.03|2.06|61.58
32 [Ri112 0.70 | Gazacity |1.35]39.96[0.27[18.18]1.03]40.81][0.14]56.46]0.37[61.78]2.18]71.65[1.07[40.79]1.18]35.67[1.22[36.39] 1.8956.58
33 |[Ri2EA 0.70 Tuffah  [1.35]30.96[042[12.64]1.35]40.32[2.02[80.21|2.28]68.22[2.47[73.77[1 63 [48.67]1.31]38.99]1.97[41.03]2.06]61.58
34 |Ri25B 0.70 Tuffah  [1.35/39.96|042[12.64|1.35/40.32[2.02|60.21|2.26|68.22|2.47|73.77[1.63[48 67| 1.31|38.93[1.37 [41.03| 2.06|61.58
35 |Ri113 0.70 | Gazacity |1.35]39.96(0.27[18.19]1.03]40.81]0.14]|56.46|0.37]61.79]2.18|71.65[1.07[40.79]1.19|35.67]1.22(36.39] 1.89|56.58
36 |R/250 0.70 Tuffah  [1.35]38.96[042[12.64]1.35]40.92[2.02[80.21|2.28]68.22[2.47[73.77[1 .63 [48.67[1.31]38.99[1.97 [41.03]2.06]61.58
37 |[Ri2EC 0.70 Tuffah  [1.35]30.96[042[12.64]1.35]40.32[2.02[60.21|2.28]68.22[2.47[73.77[1 .63 [48 67 1.31]38.99]1.97[41.03|2.06]61.58
38 |RizZ54 070 | Gazacity |1.35]39.96(0.27(18.19]1.03]40.81[0.14]|56.46|0.37]61.79]2.18|71.65[1.07[40.79]1.19|35.67[1.22(36.39] 1 .89 56.58
39 |RiZ65 0.70 | Gazacity |1.35]39.96(0.27(18.19]1.03]40.81]0.14]|56.46|0.37]61.79]2.18|71.65[1.07[40.79]1.19|35.67]1.22(36.39] 1.89|56.58
40 [R/74 0.35 Tuffah  [0.88[18.98[0.21] 6.32 [0.68[20.16[1.01[30.11]1.14]34.11[1.24[36.89]0.81[24 33[0.65] 19.50[0.69[20.52| 1.03[30.79
41 [RITE 0.35 Tuffah  [0.68[18.98[0.21] 6.32 [0.68[20.16[1.01][30.11]1.14]34.11[1.24]36.88]0.81[24 33[0.65] 19.50[0.68[20.52| 1.03[30.79
42 |568 0.25 |Bair El balah|0.29] 840 [0.35] 4.77 |0.38]10.68]0.00]22 65|0.29]15.86]042] 14 84 [0 40[13.04|0.47] 13.93]|0.35(10.36|0.56| 16.85
43 |Jr146 0.25 |Bair El balah|0.29] 8.40 [0.35] 4.77 [0.38]10.69]0.00|22.65|0.20]15.86]0.42| 14.84[040{13.04[0.47]13.93]0.35(10.36|0.56| 16.85
44 L1179 0.35 [Khan Younis|0.35]13.67[0.08] 3.66 |0.82]11.37[0.00|21.50{0.65]17.48]0.70[16.64[0.61[11.84|0.70]21.05]|0.51[15.24|0.48[14.22
45 (/1504 0.70 [Khan Younis|0.70]27.34[0.158] 7.33 [1.63]22.74[0.00[42.09]1.31]34.87[ 1.40[33.27[1.21[23.88] 1 41[42.11[1.02[30.48]0.95| 28 45
46 /159 0.70 [Khan Younis|0.70]27.34[0.15] 7.33 [1.63]22.74[0.00[42.09]1.31[34.97[ 1.40[33.27[1.21[23.88] 1 41[42.11[1.02[30.48|0.95| 28 45
47 |LigT 0.35 [Khan vounis|0.35]13.67[0.08 3.66 |0.82]11.37[0.00|21.50]0.65]17.48]0.70]16.64[0.61(11.84|0.70]21.06]0.51[15.24|0.48]14.22
48 L1127 0.35 [Khan Younis|0.35]13.67[0.08] 3.66 |0.82]11.37[0.00|21.50{0.65]17.48]0.70]16.64[0.61(11.84|0.70|21.06]|0.51[15.24|0.48] 14,22
48 [L#43 0.35 [Khan Younis|0.35]13.67[0.08] 3.66 [0.82]11.37[0.00]21.50{0.65]17.48]0.70[16.64[0.61[11.84]0.70]21.06[0.51[15.24|0.48] 14.22
50 LA 7R 0.35 [Khan Younis|0.35]13.67[0.08] 3.66 [0.82]11.37[0.00]21.50{0.65]17.48]0.70[16.64[0.61[11.84]0.70]21.06[0.51[15.24|0.48] 14.22
51 [Li41 0.25 [Khan vounis|0.25] 8.76 [0.05] 2.62 |0.58] .12 [0.00]15.35]047]12.498]0.50]11.88][0 43| 6.53 |0.50]15.04[0.36(10.89|0.34[10.18
52 |Pf139 0.70 Rafah  [0.47]25.90|0.18] 5.89 [1.28]23.35(0.00{34.30]1.63|27.27[0.93[23.43|2.33|20.30{1.36[40.66|0.77[22.92[ 0.85]| 25 40
53 |PH144 0.70 Rafah  [0.47][25.90]0.18] 5.89 [1.28]23.35]0.00{34.30] 1 63| 27.27[0.93[23.43[2.33[20.30{1.36[40.66]0.77[22.92[ 0.85] 25 40
54 P45 0.70 Rafah  [0.47][25.80]0.18] 5.89 [1.28]23.35]0.00{34.30] 1 63| 27.27[0.83[23.43[2.33[20.30[1.38[40.66]0.77[22.92[ 0.85] 25 40
55 |P/138 0.70 Rafah  |[0.47]25.90|0.18] 5.89 [1.28]23.35]0.00{34.30] 1 53] 27.27[0.83] 23 43| 2.33|20.30{1.36[40.66|0.77[22.92[0.85] 25 40
56 |Pr124 0.70 Rafah  [0.47]25.90{0.18] 5.89 [1.28]23.35]0.00{34.30]1.63|27.27[0.9323.43|2.33|20.30{1.36[40.66|0.77[22.92]0.85] 25 40
57 |PA15 0.35 Rafah  [0.23[12.95]0.09] 295 [064]11.67[0.00[17.15]0.82[13.63[047[11.71]1.17[10.15[0.68]20.33]0.38] 11 46043 12.70
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ANNEX 4: Abstraction hourly rate (m3/h0ur) for all study wells from 1997 to 2003

< (@ [ < [& [< [© [ [@ [ @ [ £ [ @ [@ [ ][<]|o

s 5|2 |2 |2 |2|gs|es|s|z|/2 |2 |& |2 |8|s|e
i ¢ | & |8 |8 |¢ |8 | 3|8 | S|8|2|8|8|8|8|lx%|=2
2 D&Y 4823 |27 BB |B3.76 | 6774 [ 2486 | 2307 [ 3311 [ 3000 | 48,20 [ 31.39 [185887 | 43.03 133477 | 3090 [ 4839 | 43563 [ 33.46
3 [AM180 B4B3 | 3042 | 2855 | B.15 | 556 | 5586 (1456 | 4357 |BY11 [ 4514 |ZA5 280 B3.72 (247 820 | 67 57 [ 8371 | 4103 [ 3167
4 D73 000 | 000 | 5045 | 5356 [102.76| B850 [102.25] 73,93 103,72 84.23 [543 19512574414 280 | 95590 [128.11| 8082 [ B2 B2
5 [DF2 000 | 0.00 | 9987 |B544 | B258 [189.23(173.83|166.51 |174.81 [166.99 | 746 B9 | 172.84 | 744 572|172 42197 77 [ 11393 [126.77
B [E&B1 3406 | 3042 2853 | 815 | 5586 | 586 [ 1456 | 1258 |[148.77 | 2871 | 98510 | 2280 | 0.00 o0 | 0,00 | 25859 [ 14.20
7 |AS185 17286 (15089 (12494 [ 8374 (13213 [11BZ25 11146 [ 11272 [144.95131.04 |[759 B20 | 17584 |B12 320 [141.74 | 246 .55 (145,70 [ 122.73
5 (DA 000 | 0.00 [149 701265910279 193,35 [201.56 | 184 .56 | 185.71 [139.67 |864 D64 | 200 22 | 928 300 |214.88 | 237 .57 140,00 [ 143.15
ey B1.56 | 3487 |B4.11 | 8216 |B0OB4 | 4395 [B2A7 | 4250 |BE.ES [BOBS [316825| 73.34 |285113| BB.00 | 73.90 | B5.15 [ 50.02
10 | D74 139,37 [142.48 162 24 [150.84 [ 196.21 [191.35 [ 155,88 [ 10111 [16E.44 [ 131.79 | /56 3558 | 175.058| 484 750 [112.21 [119.88 [165.55 | 135.30
11 |00 000 | 0.00 [168.84(170.89|179.62 | 15596 [158.07 | 15229 151.15(128.92 |EO0 0B | 135.90 545 D00 | 126,16 | 160,54 | 132,75 [ 122,57
12 |DAsS 000 | 0.00 [175.511171.86[171.94|173.25[168.69 | 151.04 |170.45 [145.33 | 736 538 | 170.52 |B90 490 | 158,84 | 188.73 | 142,85 [ 138.56
13 |EA& 0oo | ooo | Y52 | 521 [ 1087 | B.22 [B84.86 | 81.90 | 8692 [59.11 [349,090) 80.81 |266 X0 | E1.63 [ 16.47 | 4516 [ 3568
14 |[E/42 1025 | 095 |53.47 |49358 | 1635 | 598 | 2234 | 2164 | 31.26 | 3628 |191,0M0( 44 22 162 260) 37.56 | 46.30 | 289 65 | 25.80
15 |DA58 17738 17271 17264 1893014180 (178,39 185.65 [ 174 68 [ 177 29182 67 [826 704 | 191.37 813 500 [188.31 [2058.75 [174.85 | 175.01
16 |DAs0 8681 | 6578 | 54.81 | 4467 | 7513 | 22565 [81.92 | 7007 | 7811 [ 8049 (441 42010218381 /40| 88.537 [108.95| 7483 [ B0 .32
17 |CH9 000 | 000 | D00 | 000 | 457 | 3859 (3924 | 1395 | 3380 [24.25 |Z2B 300 5238 | 75 707 | 1762 | B.F7 | 2167 [ 1572
18 |[E/M 81.63 | /691 [121.021108.49| 9434 | 8569 [ 7889 | 3285 |BO.11 [ 37.04 [180200) 41.71 192 010] 44.45 [ 5815 | 79EZ [ B4.40
19 |[EH54 180,31 [186.47 [1567 06 (178,48 [167.99 [175.27 [ 174,27 [ 14029 14918 [ 127 42 |563 212 1131.76 (550 BE1 [127.47 [ 154 .59 [1B0.10 | 155.90
20 |CH28 118.65( 9284 (13827 [ 99,71 (12001 7289 |M01.76| 82.65 107 B4| 91.95 (425770 98.56 [390520( 90,40 (103,49 (114.15) 85.536
21 |[ENSY 198,43 [191.25 (18299 [147 20(176.99 [174.57 | 167 .82 [ 139,73 [ 159 68 [ 165 42 | 707 300 | 163.73|B46 900 [149.75 (176,15 (174.94 | 161 .32
22 |[EMSR 151759679 | 7774 1331318028 | 77.74 [189.68 (11870 [163.91 [151.73 |847 D82 | 196.08 | 776 352 [179.72 [ 199,56 [154.91 [ 126.30
23 |[EMAD 401 | 8407 [ 15341 11430219500 | 183.02 (17507 | 13065 | 177 .93 (153,13 |515,749 | 185.83 | 720 034 | 1BE.EY | 179258 | 160.71 [ 145.09
24 |[HMBZE 188217 (323 [ 000 3034 [ 000 (15047 0.00 | 000 | 0.00 0.00 0.00 0.o0 oo | 000 | 51.70 | 3.53
25 |CHB 4516 | 000 [ 4601 | 486 | 261 [ 1391 [1954 [ 1088 | 2605 (1776 | 96510 | 2241 | 72050 | 1668 [ 17.86 | 26596 [ 12.76
26 |HMBZL 188.85 (178,43 [206.95 [152.31 [ 193,38 [ 191,77 | 200 24 [ 186.35 [ 184.03 | 139.80 | /20 952 | 16E.89 |BE2 AD0 [1535.33 [ 186,49 (19006 | 167 .00
27 EABZ2LA [M2B.23[131.76 206,95 7775 [125.66 [117.04 150 47 [ 144 .97 | 154 83| 181.01 [BES 565 | 154,76 |B44 700 (149 24 [ 141 .22 (153,15 133,63
28 |[HMB2G 196,53 [194.06 (187 85 [141.05 [ 17283 [ 164 50 [ 152.97 [ 154 18 [183.70 [ 134.01 | /15 700 | 1B5.E7 | 7E9 BOO [178.15 [214.81 [176.E0 | 161.00
29 [EABZHA  [175 42 [196.41 [ 195,39 [185.40 175,69 [ 16081 | 155,29 | 93.99 | 8540 | 9573 |/71 516 178.59 |B55 857 [151.82 |205 72 [161.46| 147 .36
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< o [x[a [<[a[<xa[<s[a[< [<][o [o[x[<|o

sl |88 |88 |8 |8|s|a8 |88 |8 |8 |s |
1 ¢ | | & |8 | & |8 |§ |R|R|S|R |8|R|R|R[x |z
30 |RAB2H 108.47 | 8210 |149.87 |[163.99 175 67 | 105.587 | 134.68 | 132,42 [139.84 [125.31 [564 745 130,73 [570 100131 .97 [ 157 41 [139.86 [123.61
31 |CES 000 | 0.00 | 0.00 | 0.00 | 4297 [169.74 (20971 (19926 [216.45 (203,48 |999 403 | 231.34 | 860 294 | 199,14 [ 264 .94 [116.75 [ 128 .60
32 B2 9785 | 21.683 | 7409 | 5247 | 6705 | 1561 [BO0T1 | 11.36 [ 5880 | 15,32 (248 B12[ 5756 | 40867 | 945 |2877 |B7.E6 | 21
33 |RiZ25A 116.83 [154.96 |149.51 | 51.36 |[134.87 13542 |126.27 | 11881 | 12143117 .71 |246 616 | 126.53 |521 2386 | 120,69 | 130.61 | 129.25]116.49
34 |Ri25E 19016| 0.00 |192.39(138.94| 56.86 | 79.80 |153.94 |132.69|182.54 | 144 20672 668 | 155,76 |2558 577 | 129.37 | 198.60 | 161.44 | 10417
35 |BM13 000 | 000 8297 (14107 0.00 | 000 [Pe.65 | 7324 | 7373 | B9.27 (324 B90| 7516 1331 066 | 7664 | 9093 | 46,27 | B0.04
a6 |R#25D 181.30 (153,48 |129.32 103,42 | 90.20 147 94 |155.85|175.96|193.60| 188,49 [902 605 2058.94 |790 000 | 152,87 |213.99 | 159.587 | 158.69
37 |Ri2SC 000 | 000 | 000 | 000 | 000 | 000 [ 000 [ 653 (45899 134 | 6895 | 160 | 1020 | 024 [ 891 [ 843 | 1.35
38 |Ri254 M7 92110675 9762 | 6812 | B61.23 | 90.55 |116.30( 72,83 |107.34[ 8219 |451 929104 61 | 317 760( 73.56 | 75.67 [100.82| 8067
29 |Ri2BS 000 | 0.00 | 7342 |108.41) 0.00 | 0.00 | 0.00 [4278 [ 4325 [ 48.40 |229. 495 55312 |204 178 47.26 [ 5568 [ 28.30 | 41.14
A0 |Ri74 3183 | 1728 | 2621 | 1668 | 4478 | 959 [1672 | 1.78 [1915 | 928 |6eE0T [ 1542 | 35229 | 815 | 8.37 | 2652 | 1029
41 |Ri7S 000 | 000 8267 | 000 | 0.00 | 000 | 000 [14.43 [5015 [ B8.01 |227 3705263 | 52990 | 1227 [47.74 3091 | 578
42 | 568 9678 | 9201 | 9218 | 7788 | 67.25 | 8113 [ 7548 [ 5377 | 47.94 | 4576 |205,100( 47 48 |245630| 56.86 [ 8984 | 71.19 | B7.590
43 | )46 9509 14085 | 111.06]106.32| 94.09 (107 .43 [109.91 [103.058 | 103.66 | 100.65 422 700 | 97 .85 |402,300| 9313 |104.75(101.94] 91.91
44 |LA179 6356 | 000 | 57583 | 4419 | 51.77 | 51.97 [B5.82 [ 5589 | B4.65 | 5895 285890 ( 6618 |280,01M0| 64.82 | BO.G7 | B1.59 | 45.97
45 |LA1594A 000 | 000 |&5782 |53.31 | 000 | 000 [71.686 [B4.01 [71.20 [ 7338 |332579 | 76.99 |411 353 95.22 (11875 46.26 | 47 65
A6 L1552 BE.6S |B4.75 | 5353 | 4761 | 4932 | 54.34 [ 5796 [ 5280 | 5894 | 5210 (224 B15[ 51.99 |284 552 | 6587 | 76.88 | 56.73 | 66.23
47 | L7 B0.67 | 7961 |B4.32 | 85808 | 24.31 | 4693 [558.43 [ 49.04 | B4.78 | 5868 |303 6583 | 70.30 |298 207 | 62.03 [ 84.09 | 6047 | B4.66
48 |L127 4509 | 3478 | 68926 | 6540 | 6585 | 5557 [ 79565 [71.44 | 9531 | 8759 |382 463 | 85.53 |348,289 | 8062 [ 79.99 | 7227 | B5.90
49 |L/43 61.24 |6097 | 6284 | 6081 | 6043 | BE.25 [B6.25 [ 43.42 | 7012 | 6835 |M6,107 | 7317 |304 956 | 70.59 (116.65| 66.64 | B0.07
S0 |LA76E 14977 110847 138,75 [ 108.77 | 117.05 ) 116.06 | 121.86 | 117.37 | 139.84 | 144 75 |580,069 | 134 28 |515 286 | 119.28 | 140.09|133.60|119.12
51 | LA 694 | 3255|3593 3595 | 6447 |B1.48 | 7632 [ 7086 [ 7870 [ 7561 |330,715| 76.55 |316,783| 73.33 | 8256 | 56.49 | 58.29
52 |PAM39 85458 | 5590 | 2795 | 586 | 646 | B.O7 [ 1055 (1049 [ 1453 | 11.46 | 30,000 [ 694 | 30000 694 | 764 |2533 | 16.12
53 |PA44 10824 [121.13 100,50 | 161.97 | 164.83 152,64 | 140.86 | 128.28 | 126.24 | 116.66 [B15 167 | 142 .40 [445 110 103.73|119.51 | 130.51 | 130.73
54 |PA45 000 | 0.00 | 6360|9527 |98.45 | 0.00 [ 0.00 [ 000 [ D00 [ 0.00 0.00 0.00 0.00 000 | 000 |27.01 | 16.38
o5 |PM35E JB0 [ 1224 12872 2903 | 5948 | 2755 (5010 | 53.51 | B1.80 | 66.09 (271 776 B2.91 |257 500 5961 | 7231 | 44,43 | 3565
o6 | P24 1661913622 | 11556 | 117.74 | 151.81 1927018549 |174.56 | 176.74 | 181.50 [309 500|187 .38 | 794 500 | 153.98 | 195.03 | 163.86 | 164.45
57 |PAS 130046 015 10019 58.63 | 63.44 | 69.51 | 90.29 | 453.39 | 86.36 | 62.90 (3838 402) 89.91 |333200) 77.29 | 86.87 | 93.44 | 53.93
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ANNEX 5 : Abstraction average rate (mm/mz/month) for areas of study wells from 1997 to 2006

1 |Ag No Gov, | 1997-A|1997-B|1998-A | 1998-B | 1999-A 1999-B| 2000-A | 2000-B | 2001-A (2001-B(2002-A | 2002-B | 2003-A | 2003-B | 2004-A | 2004-B|2005-A | 2003-B| 2006-A | 2006-B
2 D7 Morth [ 18,71 | 16.15 | 19,65 | 17.00 | 20065 | 1832 | 22.32 | 19.63 | 23.99 | 2095 | 2585 | 2227 | 27532 [ 2355 | 2850 [ 2490 | 3066 | 26.22 | 3232 | 27 .53
3 |AM80 Morth | 18,71 | 16.15 | 1565 | 17.00 | 20065 | 1832 | 22.32 | 19.63 | 2399 | 2095 | 2565 | 2227 | 2732 [ 2358 | 2859 [ 2490 | 3066 | 26.22 | 32.32 | 27 .53
4 (D73 Morth [ 18,71 | 16.15 | 19,68 | 17.00 | 20065 | 1832 | 22.32 | 19.63 | 23.99 | 2095 | 2565 | 2227 | 2732 [ 2350 | 2890 | 2490 | 3066 | 26.22 | 32.32 | 27.53
5 (D72 Morth | 18,71 | 16.15 | 1565 | 17.00 | 20065 | 1832 | 22.32 | 19.63 | 2399 | 2095 | 2565 | 2227 | 2732 [ 2358 | 2859 [ 2490 | 3066 | 26.22 | 32.32 | 27 .53
£ |EB1 Morth [ 18,71 | 16.15 | 1968 | 17.00 | 20065 | 1832 | 22.32 | 1963 | 23.99 | 2095 | 24665 | 2227 | 27.32 [ 2350 | 2850 [ 24.90 | 3066 | 26.22 | 32.32 | 27.53
7 |AM185 Morth [ 18,71 | 16,15 | 1565 | 17.00 | 20065 | 1832 | 22.32 | 1963 | 2399 | 2095 | 2585 | 2227 | 27532 [ 2355 | 2850 [ 2490 | 3066 | 26.22 | 3232 | 27 .53
g (D Morth [ 18,71 | 16.15 | 1968 | 17.00 | 20065 | 1832 | 22.32 | 1963 | 23.99 | 2095 | 24665 | 2227 | 27.32 [ 2350 | 2850 [ 24.90 | 3066 | 26.22 | 32.32 | 27.53
g |CNZF Morth [ 18,71 | 16.15 | 19,65 | 17.00 | 20065 | 1832 | 22.32 | 19.63 | 23.99 | 2095 | 2585 | 2227 | 27532 [ 2355 | 2850 [ 2490 | 3066 | 26.22 | 3232 | 27 .53
10 | D74 Morth | 18.71 | 16.15 | 1868 | 17.00 | 200685 | 1832 | 2232 | 1963 | 23.99 | 2095 | 2565 | 2227 | 2752 [ 2353 | 2850 [ 2490 | 5066 | 26.22 | 5232 | 27 .53
11 |D70 Morth [ 18,71 | 16.15 | 19,65 | 17.00 | 20065 | 1832 | 22.32 | 19.63 | 23.99 | 2095 | 2585 | 2227 | 27532 [ 2355 | 2850 [ 2490 | 3066 | 26.22 | 3232 | 27 .53
12 |D/BS Morth | 18,71 | 16.15 | 1565 | 17.00 | 20065 | 1832 | 22.32 | 19.63 | 2399 | 2095 | 2565 | 2227 | 2732 [ 2358 | 2859 [ 2490 | 3066 | 26.22 | 32.32 | 27 .53
13 |EB Morth [ 18,71 | 16.15 | 1968 | 17.00 | 20065 | 1832 | 22.32 | 1963 | 23.99 | 2095 | 24665 | 2227 | 27.32 [ 2350 | 2850 [ 24.90 | 3066 | 26.22 | 32.32 | 27.53
14 |Ef142 Morth | 18,71 | 16.15 | 1565 | 17.00 | 20065 | 1832 | 22.32 | 19.63 | 2399 | 2095 | 2565 | 2227 | 2732 [ 2358 | 2859 [ 2490 | 3066 | 26.22 | 32.32 | 27 .53
15 |D/BE Morth [ 18,71 | 16.15 | 1968 | 17.00 | 20065 | 1832 | 22.32 | 1963 | 23.99 | 2095 | 24665 | 2227 | 27.32 [ 2350 | 2850 [ 24.90 | 3066 | 26.22 | 32.32 | 27.53
16 |DvB0 Marth [ 1871 | 16.15 | 19,65 | 17.00 | 20065 | 1832 | 22.32 | 19.63 | 23.99 | 2095 | 2585 | 2227 | 27.32 [ 2355 | 2850 [ 2490 | 3066 | 26.22 | 3232 | 27.53
17 |CH8 Morth [ 18,71 | 16.15 | 1968 | 17.00 | 20065 | 1832 | 22.32 | 1963 | 23.99 | 2095 | 24665 | 2227 | 27.32 [ 2350 | 2850 [ 24.90 | 3066 | 26.22 | 32.32 | 27.53
18 |EM Morth [ 18,71 | 16.15 | 19,65 | 17.00 | 20065 | 1832 | 22.32 | 19.63 | 23.99 | 2095 | 2585 | 2227 | 27532 [ 2355 | 2850 [ 2490 | 3066 | 26.22 | 3232 | 27 .53
19 |Ef154 Gaza| 2845 | 2439 | 3095 | 2727 | 3167 | 2775 | 3224 | 2822 | 3281 | 2870 | 3338 | 2917 | 33.94 [ 2564 | 3451 [ 3012 | 35.08 | 3089 | 35685 | 31.07
20 |CA28 Morth [ 18,71 | 16.15 | 19,65 | 17.00 | 20065 | 1832 | 22.32 | 19.63 | 23.99 | 2095 | 2585 | 2227 | 27532 [ 2355 | 2850 [ 2490 | 3066 | 26.22 | 3232 | 27 .53
21 |[EN&7 Morth | 18,71 | 16.15 | 1565 | 17.00 | 20065 | 1832 | 22.32 | 19.63 | 2399 | 2095 | 2565 | 2227 | 2732 [ 2358 | 2859 [ 2490 | 3066 | 26.22 | 32.32 | 27 .53
22 |[ENSB Morth [ 18,71 | 16.15 | 1968 | 17.00 | 20065 | 1832 | 22.32 | 1963 | 23.99 | 2095 | 24665 | 2227 | 27.32 [ 2350 | 2850 [ 24.90 | 3066 | 26.22 | 32.32 | 27.53
23 |E/S0 Morth | 18,71 | 16.15 | 1565 | 17.00 | 20065 | 1832 | 22.32 | 19.63 | 2399 | 2095 | 2565 | 2227 | 2732 [ 2358 | 2859 [ 2490 | 3066 | 26.22 | 32.32 | 27 .53
24 \RABZE | Gaza| 28,40 | 2439 | 3095 | 2727 | 3167 | 2775 | 3224 | 2822 | 3281 [ 2870 | 3338 | 2917 | 33.54 | 2964 | 3451 | 3012 | 35.08 | 3059 | 35.65 | 31.07
25 |CH7B Morth [ 18,71 | 16.15 | 19,65 | 17.00 | 20065 | 1832 | 22.32 | 19.63 | 23.99 | 2095 | 2585 | 2227 | 27532 [ 2355 | 2850 [ 2490 | 3066 | 26.22 | 3232 | 27 .53
26 \RABZL | Gaza| 28,48 | 2439 | 3095 | 2727 | 3167 | 2775 | 3224 | 2822 | 3281 [ 2870 | 3338 | 2917 | 33.54 | 2964 | 3451 | 3012 | 35.08 | 3059 | 35.65 | 31.07
27 \RABZLA | Gaza| 25,48 | 2439 | 3095 | 2727 | 3167 | 2775 | 3224 | 2822 | 3281 [ 2870 | 3338 | 2917 | 3354 | 2964 | 3451 | 3012 | 35.08 | 3059 | 35.65 | 31.07
28 \RAB2G | Gaza| 2548 | 2439 | 3095 | 2727 | 3167 | 2775 | 3224 | 2822 | 3281 (2870 | 3338 | 2917 | 3384 | 2964 | 3451 | 3012 [ 35.08 | 3089 | 35.65 | 31.07
20 \RABZHA | Gaza| 28.45 | 2439 | 30.95 | 2727 | 3167 | 2775 | 3224 | 2822 | 3281 [28.70 | 3338 | 2917 | 53.54 | 2964 | 3451 | 3012 [ 35.08 | 3059 | 35.65 | 31.07
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1 |Ag No Gow., |1997-A|1997-B|1998-A [ 1998-B| 1999-A [ 1999-B| 2000-A | 2000-B (2001-A| 2001-B| 2002-A | 2002-B| 2003-A | 2003-B| 2004 -A (2004 -B| 2005-A | 2005-B | 2006 -A | 2006-B
30 |RABZH | Gaza| 28.48 | 24.39 | 3085 | 2727 | 3167 [ 2775 | 32,24 | 28.22 | 3281 | 2870 | 33.38 | 2817 | 33.94 | 2864 | 3451 | 3012 | 3508 | 3059 | 3565 | 3107
31 |G/EE Morth | 18.71 | 16.15 | 19.68 | 17.00 | 2085 | 18.32 | 2232 | 1963 | 2359 | 2095 | 2685 | 2227 | 2732 | 2358 | 2899 | 2490 | 3066 | 25.22 | 3232 | 2743
32 |[RA12 Gaza| 2845 | 2430 | 3095 | 27.27 | 3167 | 2775 | 3224 | 2822 | 3281 | 2870 | 33.35 | 2017 [ 3594 | 2964 | 34.51 | 3012 | 35.08 | 30.59 | 3565 | 31.07
33 |RA254 Gaza| 2848 | 2439 | 3095 | 27.27 | 3167 | 2775 | 3224 | 2822 | 3281 | 2870 | 33.35 | 2017 [ 3394 | 2964 | 34.51 | 3012 | 35.08 | 30.59 | 3565 | 31.07
34 |R256 Gaza| 2848 | 2439 | 3095 | 2727 | 3167 | 2775 | 3224 | 2822 | 3281 | 2870 | 33.35 | 2917 [ 3394 | 2964 | 34.51 | 3012 | 35.05 | 30.59 | 3565 | 31.07
35 |RA13 (Gaza| 28,48 | 2439 | 3095 | 2727 | 3167 | 2775 | 3224 | 2822 | 3281 | 2870 | 33.35 | 2817 [ 3594 | 2964 | 3451 | 3012 | 35.08 | 30.59 | 3565 | 31.07
a5 |R25D0 Gaza| 2845 | 2439 | 3095 | 2727 | 3167 | 2775 | 3224 | 2822 | 3281 | 2870 | 33.35 | 2917 [ 3594 | 2964 | 3451 | 3012 | 35.08 | 30.59 | 3565 | 31.07
37 |RA25C Gaza| 2845 | 2430 | 3095 | 27.27 | 3167 | 2775 | 3224 | 2822 | 3281 | 2870 | 33.35 | 2017 [ 3594 | 2964 | 34.51 | 3012 | 35.08 | 30.59 | 3565 | 31.07
38 |R254 Gaza| 2848 | 2439 | 3095 | 2727 | 3167 | 2775 | 3224 | 2822 | 3281 | 2870 | 33.35 | 2917 [ 3394 | 2964 | 34.51 | 3012 | 35.05 | 30.59 | 3565 | 31.07
39 |R2B5 Gaza| 2048 | 2439 | 3095 | 2727 | 3167 | 2775 | 3224 | 2822 | 3281 | 2870 | 3338 | 2917 [ 3294 | 2964 | 3451 | 3012 | 35.08 | 30.59 | 3465 | 31.07
40 |R74 Gaza| 2845 | 2439 | 3095 | 2727 | 3167 | 2775 | 3224 | 2822 | 3281 | 2870 | 33.35 | 29.17 | 3594 | 2964 | 3451 | 3012 | 35.08 | 30.59 | 3565 | 31.07
41 RS Gaza| 2845 | 2439 | 3095 | 2727 | 3167 | 2775 | 3224 | 2822 | 3281 | 2870 | 33.35 | 2917 [ 3394 | 2064 | 3451 | 3012 | 35.08 | 30.59 | 3565 | 31.07
42 |5H9 Midel | 16.36 | 12.43 | 16876 | 16.53 | 1906 [ 17.89 | 2117 | 1925 | 2327 | 2061 | 25308 | 2197 [ 2749 | 23353 | 2989 | 2468 | 31.70 | 265.04 | 3381 | 27.40
43 146 Midel | 16.36 | 12.43 | 16876 | 16.53 | 1906 [ 17.89 | 2117 | 1925 | 2327 | 2061 | 26308 | 2187 | 2749 | 2333 | 2959 | 2468 | 31.70 | 26.04 | 3381 | 27.40
44 [LA178 khan.| 1403 [ 13.35 | 19.20 | 1613 | 1816 [ 17.48 | 20,25 | 18.82 | 2229 | 20017 | 24.36 | 21.51 | 26,43 | 2286 | 2850 | 24.20 | 3056 | 2554 | 5263 | 26.689
45 |LA153A  |khan.| 14.03 [ 13.35 | 19.20 (1613 | 1816 [ 17.48 | 2023 | 18.82 | 2229 | 2017 | 24.36 | 21.51 | 2643 | 2286 | 2860 | 2420 | 3056 | 2554 | 3263 | 26689
45 [LA158 khan.| 14.03 [ 13.35 | 19.20 | 1613 | 1816 [ 17.48 | 20,23 | 18.82 | 2229 | 20017 | 24.36 | 21.51 | 26.43 | 22.686 | 2850 | 24.20 | 3056 | 25.54 | 3263 | 26.89
47 |LAEY Khan.| 14.03 [ 13.35 | 19.20 | 1613 | 1816 [ 17.45 | 20,23 | 18.82 | 2229 | 20017 | 24.36 | 21.91 | 26,43 | 22.66 | 2850 | 24.20 | 3056 | 25.54 | 3263 | 26.689
48 (L1127 Khan.| 1403 [ 13.35 | 19.20 | 1613 | 1816 [ 1745 | 20,25 | 18.82 | 2229 | 20017 | 24.36 | 21.591 | 26,43 | 2286 | 2850 | 24.20 | 3056 | 2554 | 5263 | 26.65
49 |43 Khan.| 14.03 [ 13.35 | 19.20 | 1613 | 1816 [ 17.48 | 20,23 | 18.82 | 2229 | 20017 | 24.36 | 21.51 | 2643 | 2286 | 2850 | 2420 | 3056 | 2554 | 3263 | 2689
g0 (LAYE khan.| 14.03 [ 13.35 | 19.20 | 1613 | 1816 [ 17.48 | 20,253 | 18.82 | 2229 | 2017 | 24.36 | 21.51 | 2643 | 2286 | 2850 | 24.20 | 3056 | 2554 | 3263 | 2689
51 L1 Khan.| 14.03 [ 13.35 | 19.20 | 1613 | 1816 [ 17.48 | 20,23 | 18.82 | 2229 | 20017 | 24.36 | 21.51 | 26.43 | 22686 | 2850 | 24.20 | 3056 | 25.54 | 3263 | 26.689
52 |PA139 Khan.| 14.03 [ 13.35 | 19.20 | 1613 | 1816 [ 17.45 | 20,23 | 18.82 | 2229 | 20017 | 24.36 | 21.591 | 26,43 | 22.66 | 2850 | 24.20 | 3056 | 25.54 | 3263 | 26.689
53 (P44 Rafeh| 1216 [ 11.37 | 1267 | 11.83 | 14.08 | 1277 | 14.85 | 1371 | 1561 | 1485 | 16.38 [ 15589 | 1715 | 1653 | 1792 | 1748 [ 16869 | 18.42 | 19.45 | 1836
54 |P/145 Rafeh| 1216 [ 11.37 | 1267 | 11.83 | 14.08 | 1277 [ 14.85 | 1371 | 1561 | 1465 | 1638 [ 1569 | 1715 | 1653 | 1792 | 1748 [ 1869 | 18.42 | 19,45 | 1936
55 |PA36 Rafeh| 1216 | 11.37 | 1267 | 11.83 | 14.08 | 1277 | 14.85 | 1371 | 1561 | 1465 | 1638 [ 1589 | 1715 | 1653 | 1792 | 1748 [ 16869 | 18.42 | 19,45 | 19.36
g5 (P124 Rafeh| 1216 | 11.37 | 1267 | 11.83 | 14.08 | 1277 [ 14.85 | 1371 | 1561 | 1465 | 16.35 [ 1559 | 1715 | 1653 | 1792 | 1748 [ 168,69 | 18.42 | 1945 | 19.36
57 |PA4 Rafeh| 1216 [ 11.37 | 1267 | 11.83 | 14.08 | 1277 [ 14.85 | 1371 | 1561 | 1465 | 16.38 [ 15.59 | 1715 | 1653 | 1792 [ 1748 [ 1669 | 18.42 | 19.45 | 1936
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ANNEX 6 : Data matrix of ANN model

Time Well ql, R Q Qr |Ot|WI|Dw | Th | Ds | CI Cle

phase predicted
1997-A | DI67 780 | 214 | 4823 | 1871 | 20| 2 | 79 | 80 | 24| 550 | 957

1997-A | El6L 66.0 | 1.93 | 3406 | 1871 | 23 | -1 | 43 | 40 | 1.3 | 1450 | 1201
1997-A | A/185 700 | 1.93 | 172.86 | 1871 | 14 | -2 | 80 | 95 | 3.6 | 100.0 | 612

1997-A | ci127 920 | 193 | 6136 | 1871 | 32| 0 | 75 | 115 | 56 | 100.0 | 859

1997-A | DI74 56.0 | 1.93 | 13937 | 1871 | 0 | 2 | 81 | 50 | 20| 650 | 749

1997-A | D/68 920 | 193 | 17738 | 1871 | 9 | 2 | 72 | 58 | 26 | 1220 | 1016
1997-A | DI60 1420 | 193 | 5681 | 1871 | 38| 2 | 45 | 43 | 33 | 1290 | 1834
1997-A | /79 4270 | 096 | 000 | 1871 | 27| 0 | 64 | 90 | 6.4 | 3840 | 4386
1997-A E/4 1080 | 1.93 | 8163 | 1871 | 37 | -1 | 34 | 124 | 47 | 1000 | 94.4

1997-A | E/154 | 1890 | 193 | 18031 | 2848 |22 | 2 | 92 | 50 | 1.7 | 1800 | 222.3
1997-A | C/128 | 2340 | 096 | 11865 | 1871 | 13| 1 | 110 | 86 | 7.7 | 259.0 | 221.2
1997-A | E/157 | 1420 | 193 | 19843 | 1871 |11 | 2 | 38 | 58 | 2.6 | 1580 | 1458
1997-A | E/156 | 1350 | 193 | 15175 | 1871 |17 | -1 | 70 | 80 | 42 | 1350 | 131.9
1997-A | E/90 1420 | 193 | 7401 | 1871 |27 | -1 | 70 | 50 | 36 | 1580 | 172.1
1997-A | R/162B | 12950 | 1.42 | 188.15 | 2848 |31 | -1 | 70 | 30 | 1.7 | 1505.0 | 1472.7
1997-A | R/162LA | 2620 | 135 | 12623 | 2848 |11 | -1 | 56 | 30 | 1.6 | 273.0 | 290.0
1997-A | R/162G | 4400 | 1.93 | 19653 | 2848 | 33 | -1 | 90 | 70 | 2.3 | 489.0 | 476.4
1997-A | R/25A | 3970 | 135 | 116.88 | 2848 | 17 | -1 | 85 | 109 | 4.4 | 4460 | 379.8
1997-A | R/25D | 6000 | 1.35 | 181.30 | 2848 | 25 | -1 | 50 | 109 | 45 | 619.0 | 627.0
1997-A | R/254 | 3850 | 135 | 11792 | 2848 |12 | 1 | 46 | 36 | 1.4 | 4170 | 4095
1997-A | S/69 365.0 | 029 | 96.78 | 1636 | 15| -1 | 73 | 71 | 5.1 | 417.0 | 3753
1997-A | J/146 | 5170 | 029 | 9500 | 1636 | 13| -1 | 62 | 78 | 48 | 5400 | 549.6
1997-A | 179 | 5320 | 035 | 6356 | 1403 |11 | 0 | 86 | 35 | 3.0 | 597.0 | 551.0
1997-A | L/87 9180 | 035 | 80.67 | 1403 | 47| 0 | 82 | 45 | 3.4 | 7820 | 887.3
1997-A | /127 | 4540 | 035 | 4500 | 1403 30| 0 | 60 | 30 | 3.4 | 689.0 | 4495
1997-A | L/43 639.0 | 035 | 61.24 | 1403 | 36| -1 | 79 | 69 | 3.9 | 6840 | 656.1
1997-A | L/176 | 5320 | 0.35 | 149.77 | 1403 | 14 | -1 | 110 | 50 | 3.4 | 597.0 | 566.9
1997-A | P/144 | 1930 | 047 | 10824 | 1216 | 5 | 3 | 80 | 30 | 2.8 | 2030 | 205.7
1997-A | P/138 | 2030 | 047 | 360 | 1216 |17 | 4 | 67 | 33 | 36 | 1930 | 237.9
1997-A | P/124 | 3580 | 047 | 166.19 | 12.16 | 24 | 3 | 48 | 42 | 31 | 371.0 | 355.7
1997-A | P/15 6550 | 0.23 | 13046 | 12.16 | 29 | 3 | 18 | 34 | 3.6 | 6580 | 652.6
1997-B | DI67 55.0 | 42.35 | 27.66 | 16.15 | 20 | -2 | 79 | 80 | 2.4 | 560 | 719

1997-B | E/6L 1450 | 49.18 | 3042 | 16.15 | 23 | -1 | 43 | 40 | 1.3 | 420 | 1446
1997-B | A/185 | 1000 | 49.18 | 150.89 | 16.15 | 14 | 2 | 80 | 95 | 36 | 770 | 810

1997-B | C/127 | 1000 | 49.18 | 3487 | 1615 |32 | 0 | 75 | 115 | 56 | 700 | 96.1

1997-B | D/74 650 | 49.18 | 14248 | 1615 | 0 | 2 | 81 | 50 | 20| 56.0 | 643

1997-B | DI/68 1220 | 4918 | 17271 | 1615 | 9 | 2 | 72 | 58 | 26 | 1120 | 105.3
1997-B | DI60 1290 | 49.18 | 5578 | 16.15 | 38 | 2 | 45 | 43 | 33 | 1290 | 1385
1997-B E/4 1000 | 49.18 | 7691 | 16.15 | 37 | -1 | 34 | 124 | 47 | 840 | 917

1997-B | FE/154 | 1800 | 49.18 | 186.47 | 2439 |22 | 2 | 92 | 50 | 1.7 | 1780 | 186.1
1997-B | C/128 | 259.0 | 2459 | 9284 | 1615 | 13| 1 | 110 | 86 | 7.7 | 2170 | 239.1
1997-B | E/157 | 1580 | 49.18 | 19125 | 1615 | 11 | 2 | 38 | 58 | 2.6 | 1360 | 133.8
1997-B | E/90 158.0 | 49.18 | 94.07 | 1615 |27 | -1 | 70 | 50 | 36 | 1050 | 1488
1997-B | R/162B | 504.0 | 32.84 | 2117 | 2439 |31 | -1 | 70 | 30 | 1.7 | 5300 | 4875
1997-B | cCI76 4200 | 2459 | 000 | 16.15 | 54| 0 | 38 | 90 | 6.5 | 4200 | 4184
1997-B | R/162L | 312.0 | 39.96 | 178.43 | 2439 | 27 | -1 | 110 | 45 | 1.7 | 3000 | 311.1
1997-B | R/162LA | 273.0 | 39.96 | 13176 | 2439 | 11 | -1 | 56 | 30 | 1.6 | 287.0 | 267.8
1997-B | R/162G | 489.0 | 49.18 | 194.06 | 2439 |33 | -1 | 90 | 70 | 2.3 | 441.0 | 491.6
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Time Well ql, R Q Qr |Ot|WI|Dw | Th | Ds | CI Cle

phase predicted
1997-B | RI25A | 4460 | 39.96 | 154.96 | 2439 | 17 | -1 | 85 | 109 | 4.4 | 437.0 | 449.0
1997-B | R/25D | 619.0 | 39.96 | 153.48 | 2439 | 25 | -1 | 50 | 109 | 45 | 5460 | 639.4
1997-B | R/254 | 4170 | 39.96 | 10678 | 2439 |12 | 1 | 46 | 36 | 1.4 | 3150 | 405.9
1997-B | R/265 | 1295 | 3996 | 000 | 2439 | 2 | 1 | 39 | 40 | 1.0 | 560 | 146.2
1997-B | S/69 4170 | 940 | 9201 | 1243 | 15| 1 | 73 | 71 | 51 | 3360 | 41758
1997-B | J/146 | 5400 | 9.40 | 4088 | 1243 | 13| -1 | 62 | 78 | 48 | 5060 | 555.6
1997-B | L/159 | 3960 | 27.34 | 6475 | 1335 |24 | 0 | 42 | 40 | 2.4 | 4970 | 365.1
1997-B L/g7 782.0 | 13.67 | 79.61 | 1335 | 47 | 0 | 82 | 45 | 3.4 | 756.0 | 735.0
1997-B | L/127 | 689.0 | 1367 | 3478 | 1335 |30 | O | 60 | 30 | 3.4 | 5800 | 642.9
1997-B L/43 684.0 | 13.67 | 60.97 | 1335 | 36 | -1 | 79 | 69 | 3.9 | 630.0 | 6837
1997-B | L/176 | 597.0 | 1367 | 10847 | 1335 | 14 | -1 | 110 | 50 | 3.4 | 5600 | 612.8
1997-B L/41 9860 | 9.76 | 3255 | 1335 | 41| O | 54 | 60 | 5.1 | 889.0 | 954.0
1997-B | P/144 | 2030 | 2590 | 12113 | 1137 | 5 | 3 | 80 | 30 | 2.8 | 1680 | 185.4
1997-B | P/138 | 1930 | 2590 | 1224 | 1137 |17 | 4 | 67 | 33 | 36 | 1680 | 1955
1997-B | P/124 | 3710 | 2590 | 13622 | 1137 |24 | 3 | 48 | 42 | 31 | 3590 | 3352
19978 | P/15 658.0 | 12.95 | 0.15 | 11.37 | 29 | -3 | 18 | 34 | 3.6 | 490.0 | 597.6
1998-A | DI67 56.0 | 053 | 63.76 | 1968 | 21| 2 | 79 | 80 | 24 | 560 | 77.7

1998-A | A/180 490 | 053 | 2858 | 1968 | 16| 2 | 82 | 90 | 31| 560 | 629

1998-A | DI73 56.0 | 053 | 5045 | 1968 | 2 | 2 | 79 | 53 | 21| 630 | 859

1998-A | E/6L 420 | 044 | 2858 | 1968 | 24 | -1 | 43 | 40 | 1.3 | 1350 | 1038
1998-A | A/185 770 | 044 | 12494 | 1968 | 15| 2 | 80 | 95 | 36| 850 | 713

1998A | DI71 700 | 044 | 14970 | 1968 | 0 | 2 | 50 | 43 | 27| 780 | 917

1998-A | ci127 700 | 058 | 64.11 | 1968 | 33| 0 | 75 | 115 | 56| 700 | 69.6

1998-A | DI74 56.0 | 044 | 162.24 | 1968 | 1 | 2 | 81 | 50 | 20| 710 | 754

1998-A | DI70 700 | 044 | 16894 | 1968 | 2 | 2 | 42 | 40 | 30| 850 | 933

1998-A | DI/69 780 | 044 | 17551 | 1968 | 5 | 2 | 40 | 58 | 27| 780 | 89.4

1998-A E/6 56.0 | 044 | 752 | 1968 | 36| -1 | 31 | 100 | 46 | 850 | 80.7

1998-A | E/142 770 | 044 | 5347 | 1968 | 0 | -3 | 37 | 52 | 21| 1000 | 1012
1998-A | DI/68 1120 | 044 | 17264 | 1968 | 10 | 2 | 72 | 58 | 26 | 1200 | 121.8
1998-A | DI/60 1290 | 044 | 5481 | 1968 | 39 | 2 | 45 | 43 | 33 | 121.0 | 1747
1998-A E/4 840 | 044 | 121.02 | 1968 | 38 | -1 | 34 | 124 | 47| 780 | 749

1998-A | FE/154 | 1780 | 0.44 | 157.06 | 3095 | 23 | 2 | 92 | 50 | 1.7 | 2300 | 215.4
1998-A | C/128 | 2170 | 029 | 13827 | 1968 | 14 | 1 | 110 | 86 | 7.7 | 2350 | 2055
1998-A | E/157 | 1360 | 044 | 18299 | 1968 |12 | 2 | 38 | 58 | 2.6 | 1560 | 144.1
1998-A | R/162B | 5300 | 023 | 3123 | 3095 |32 | -1 | 70 | 30 | 1.7 | 4970 | 541.1
1998-A | cCI76 4200 | 029 | 4601 | 1968 | 55| 0 | 38 | 90 | 6.5 | 470.0 | 4422
1998-A | R/162L | 3000 | 027 | 206.95 | 30.95 | 28 | -1 | 110 | 45 | 1.7 | 319.0 | 339.3
1998-A | R/162LA | 287.0 | 027 | 206.95 | 3095 | 12 | -1 | 56 | 30 | 1.6 | 284.0 | 329.6
1998-A | R/162G | 4410 | 0.44 | 187.88 | 3095 | 34 | -1 | 90 | 70 | 2.3 | 461.0 | 474.2
1998-A | R/I162HA | 4580 | 027 | 19539 | 3095 | 8 | -1 | 85 | 69 | 2.4 | 4830 | 491.1
1998-A | R/162H | 5460 | 027 | 14987 | 3095 | 25| -1 | 90 | 69 | 2.4 | 511.0 | 573.8
1998-A | RI25A | 4370 | 042 | 14951 | 3095 | 18 | -1 | 85 | 109 | 4.4 | 4260 | 429.9
1998-A | R/25B | 5320 | 0.42 | 19239 | 3095 | 48 | -1 | 52 | 109 | 45 | 497.0 | 553.3
1998-A | R/113 420 | 027 | 5217 | 3095 | 33| 1 | 32 | 40 | 08| 2060 | 1014
1998-A | R/25D | 5460 | 0.42 | 12932 | 3095 | 26 | -1 | 50 | 109 | 45 | 603.0 | 542.2
1998-A | R/254 | 3150 | 027 | 9752 | 3095 |13 | 1 | 46 | 36 | 1.4 | 3900 | 3380
1998-A | R/265 56.0 | 027 | 7342 | 3095 | 3 | 1 | 39 | 40 | 1.0 | 1350 | 107.8
1998-A | R/74 7980 | 021 | 2521 | 3095 | 6 | 0 | 45 | 100 | 5.0 | 7740 | 7657
1998A | RI/75 707.0 | 021 | 8267 | 3095 | 8 | 0 | 62 | 100 | 5.0 | 745.0 | 693.4
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Time Well ql, R Q Qr |Ot|WI|Dw | Th | Ds | CI Cle

phase predicted
1998-A | SI69 336.0 | 035 | 9218 | 1876 | 16 | -1 | 73 | 71 | 5.1 | 4000 | 345.1
1998-A | J/146 | 5060 | 0.35 | 11106 | 1876 | 14 | -1 | 62 | 78 | 48 | 541.0 | 5382
1998-A | L/179 | 3150 | 0.08 | 57.53 | 1920 |12 | 0 | 86 | 35 | 3.0 | 369.0 | 337.9
1998-A | L/159A | 1890 | 015 | 5782 | 1920 | 0 | 0 | 62 | 30 | 25 | 2480 | 215.2
1998-A | L/159 | 4970 | 015 | 5353 | 1920 | 25| 0 | 42 | 40 | 2.4 | 4910 | 519.4
1998-A | L/87 756.0 | 008 | 64.32 | 1920 | 48 | 0 | 82 | 45 | 3.4 | 7820 | 758.1
1998-A | L/127 | 5800 | 008 | 59.26 | 1920 |31 | 0 | 60 | 30 | 3.4 | 5880 | 593.8
1998-A | L/43 6300 | 0.08 | 69.84 | 1920 |37 | -1 | 79 | 69 | 3.9 | 660.0 | 663.8
1998-A | L/176 | 5600 | 0.08 | 13878 | 19.20 | 15 | -1 | 110 | 50 | 3.4 | 598.0 | 608.4
1998-A | L4l 889.0 | 005 | 3593 | 1920 | 42| 0 | 54 | 60 | 51| 9230 | 901.9
1998-A | P/139 280 | 018 | 2798 | 1920 | 0 | -1 | 30 | 30 | 08| 500 | 865

1998-A | P/144 | 1680 | 0.18 | 10050 | 1267 | 6 | 3 | 80 | 30 | 2.8 | 1770 | 186.3
1998-A | P/145 | 1180 | 018 | 6360 | 1267 | 2 | 4 | 75 | 40 | 40 | 2480 | 1436
1998-A | P/124 | 3590 | 0.18 | 11556 | 1267 | 25 | 3 | 48 | 42 | 3.1 | 3480 | 360.0
1998-A | P/15 4900 | 0.09 | 100.19 | 1267 |30 | 3 | 18 | 34 | 36 | 617.0 | 4802
1998B | DI67 56.0 | 1748 | 57.74 | 17.00 | 21| 2 | 79 | 80 | 24 | 420 | 763

1998-B | A/180 56.0 | 1748 | 815 | 17.00 | 16 | -2 | 82 | 90 | 31| 490 | 718

1998B | D/73 63.0 | 1748 | 5336 | 1700 | 2 | 2 | 79 | 53 | 21| 630 | 852

1998B | DI72 710 | 13.04 | 6544 | 1700 | 0 | 2 | 46 | 41 | 29| 770 | 977

1998B | E/6L 1350 | 13.04 | 815 | 17.00 | 24 | -1 | 43 | 40 | 1.3 | 1820 | 172.1
1998B | A/185 850 | 13.04 | 8374 | 1700 | 15| 2 | 80 | 95 | 36 | 840 | 795

19988 | D/71 780 | 13.04 | 126559 | 17.00 | 0 | 2 | 50 | 43 | 27| 740 | 932

1998B | cC/127 700 | 1814 | 52.16 | 17.00 | 33| 0 | 75 | 115 | 56| 77.0 | 739

1998B | DI/74 71.0 | 13.04 | 15084 | 1700 | 1 | 2 | 81 | 50 | 20| 77.0 | 815

1998B | DI70 85.0 | 13.04 | 170.89 | 17.00 | 2 | 2 | 42 | 40 | 30| 880 | 96.9

1998B | DI/69 780 | 13.04 | 171.86 | 17.00 | 5 | 2 | 40 | 58 | 27| 700 | 829

1998-B E/6 850 | 13.04 | 521 | 17.00 | 36 | -1 | 31 | 100 | 46 | 77.0 | 1058
1998-B | FE/142 | 1000 | 1304 | 4938 | 1700 | 0 | 3 | 37 | 52 | 21 | 1120 | 1157
1998B | DI/68 1200 | 13.04 | 159.30 | 1700 |10 | 2 | 72 | 58 | 26 | 980 | 1217
1998B | DI/60 1210 | 13.04 | 4467 | 1700 | 39 | 2 | 45 | 43 | 33 | 1190 | 160.3
1998-B E/4 780 | 13.04 | 10949 | 17.00 | 38 | -1 | 34 | 124 | 47| 700 | 718

1998-B | FE/154 | 2300 | 13.04 | 17848 | 2727 |23 | 2 | 92 | 50 | 1.7 | 2660 | 256.0
1998B | C/128 | 2350 | 907 | 9971 | 17.00 |14 | 1 | 110 | 86 | 7.7 | 2170 | 221.8
1998B | FE/157 | 1560 | 13.04 | 14720 | 1700 |12 | 2 | 38 | 58 | 2.6 | 161.0 | 1555
1998B | FE/156 | 1210 | 13.04 | 13313 | 1700 |18 | -1 | 70 | 80 | 42 | 1400 | 1182
1998-B | R/162B | 4970 | 1631 | 000 | 2727 |32 | -1 | 70 | 30 | 1.7 | 491.0 | 496.8
1998-B | CI76 4700 | 9.07 | 456 | 17.00 | 55| 0 | 38 | 90 | 6.5 | 4480 | 479.9
1998-B | R/162L | 319.0 | 18.19 | 15231 | 27.27 | 28 | -1 | 110 | 45 | 1.7 | 2720 | 338.1
1998-B | R/162LA | 2840 | 1819 | 77.75 | 2727 |12 | -1 | 56 | 30 | 1.6 | 2240 | 297.8
1998-B | R/162G | 461.0 | 13.04 | 141.08 | 2727 |34 | -1 | 90 | 70 | 23 | 4350 | 4855
1998-B | R/162HA | 483.0 | 18.19 | 18540 | 2727 | 8 | -1 | 85 | 69 | 2.4 | 4620 | 512.0
1998-B | R/162H | 511.0 | 18.19 | 163.99 | 2727 | 25 | -1 | 90 | 69 | 2.4 | 497.0 | 538.4
1998B | R/A12 | 707.0 | 1819 | 5247 | 2727 [ 33| 1 | 36 | 30 | 0.6 | 4820 | 711.8
1998B | RI25A | 4260 | 1264 | 51.36 | 2727 | 18 | -1 | 85 | 109 | 4.4 | 4550 | 405.8
1998-B | RI25B | 497.0 | 1264 | 13894 | 2727 | 48 | -1 | 52 | 109 | 45 | 4900 | 517.2
1998B | R/113 | 2060 | 1819 | 14107 | 2727 |33 | 1 | 32 | 40 | 0.8 | 2350 | 2324
1998-B | R/25D | 603.0 | 12.64 | 10342 | 2727 | 26 | -1 | 50 | 109 | 45 | 6280 | 613.4
1998B | R/254 | 3900 | 1819 | 5812 | 2727 | 13| 1 | 46 | 36 | 1.4 | 3720 | 397.0
1998B | R/265 | 1350 | 1819 | 10841 | 2727 | 3 | 1 | 39 | 40 | 1.0 | 1400 | 164.2
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Time Well ql, R Q Qr |Ot|WI|Dw | Th | Ds | CI Cle

phase predicted
1998B | RI/74 7740 | 632 | 1568 | 2727 | 6 | 0 | 45 | 100 | 5.0 | 651.0 | 7652
1998-B | S/69 4000 | 477 | 7788 | 1653 | 16 | -1 | 73 | 71 | 51| 3850 | 4114
1998-B | J/146 | 5410 | 477 | 10632 | 1653 | 14 | -1 | 62 | 78 | 48 | 539.0 | 5765
1998B | L/179 | 3690 | 366 | 4419 | 1613 |12 | 0 | 86 | 35 | 3.0 | 3360 | 384.8
1998B | L/159A | 2480 | 733 | 5331 | 1613 | 0 | 0 | 62 | 30 | 25 | 2800 | 262.8
1998B | L/159 | 4910 | 733 | 4751 | 1613 | 25| 0 | 42 | 40 | 2.4 | 4830 | 494.8
1998-B L/87 782.0 | 3.66 | 8588 | 16.13 | 48 | 0 | 82 | 45 | 3.4 | 7820 | 769.4
1998B | L/127 | 5880 | 366 | 6540 | 1613 |31 | O | 60 | 30 | 3.4 | 5950 | 583.7
1998-B L/43 660.0 | 3.66 | 60.81 | 16.13 |37 | -1 | 79 | 69 | 3.9 | 611.0 | 6818
1998B | L/176 | 5980 | 366 | 10877 | 1613 | 15 | -1 | 110 | 50 | 3.4 | 6300 | 636.9
19988 L/41 9230 | 262 | 3593 | 1613 | 42| 0 | 54 | 60 | 5.1 | 9450 | 9183
1998-B | P/139 500 | 580 | 586 | 1613 | 0 | -1 | 30 | 30 | 08| 350 | 106.4
1998B | P/144 | 1770 | 589 | 16197 | 1183 | 6 | 3 | 80 | 30 | 2.8 | 2170 | 177.7
1998B | P/145 | 2480 | 589 | 9827 | 1183 | 2 | 4 | 75 | 40 | 40 | 2100 | 247.7
1998-B | P/124 | 3480 | 589 | 117.74 | 1183 | 25 | 3 | 48 | 42 | 31 | 3680 | 3384
1999-A | A/180 490 | 222 | 556 | 2065 | 17| 2 | 82 | 90 | 31| 630 | 67.0

1999A | D/73 63.0 | 222 | 10276 | 2065 | 3 | 2 | 79 | 53 | 21| 630 | 864

1999-A | A/185 840 | 147 | 13213 | 2065 | 16 | -2 | 80 | 95 | 36| 77.0 | 80.0

1999-A | DI71 740 | 147 | 10279 | 2065 | 1 | 2 | 50 | 43 | 27| 66.0 | 101.0
1999-A | ci127 770 | 152 | 6084 | 2065 | 34| 0 | 75 | 115 | 56 | 840 | 77.3

1999-A | DI74 770 | 147 | 19621 | 2065 | 2 | 2 | 81 | 50 | 20| 77.0 | 934

1999-A | DI/69 700 | 147 | 171.94 | 2065 | 6 | 2 | 40 | 58 | 27| 700 | 86.1

1999-A E/6 770 | 147 | 1087 | 2065 | 37| -1 | 31 | 100 | 46 | 700 | 97.2

1999-A | E/142 | 1120 | 147 | 1635 | 2065 | 1 | 3 | 37 | 52 | 21 | 1050 | 135.9
1999-A | D/68 980 | 147 | 141.80 | 2065 | 11| 2 | 72 | 58 | 26 | 1190 | 1141
1999-A | DI/60 1190 | 147 | 7513 | 2065 | 40 | 2 | 45 | 43 | 33 | 1050 | 164.0
1999A | /79 4270 | 076 | 457 | 2065 | 29| 0 | 64 | 90 | 6.4 | 4637 | 43658
1999-A E/4 700 | 147 | 9434 | 2065 | 39 | -1 | 34 | 124 | 47| 700 | 67.8

1999-A | E/154 | 2660 | 147 | 167.99 | 3167 |24 | 2 | 92 | 50 | 1.7 | 1900 | 300.3
1999-A | C/128 | 2170 | 076 | 12001 | 2065 | 15 | 1 | 110 | 86 | 7.7 | 2240 | 207.9
1999-A | E/157 | 1610 | 147 | 17699 | 2065 | 13 | 2 | 38 | 58 | 2.6 | 1590 | 170.1
1999-A | E/90 1470 | 147 | 19500 | 2065 | 29 | -1 | 70 | 50 | 3.6 | 1540 | 169.6
1999-A | R/162B | 4910 | 0.88 | 3034 | 3167 | 33| -1 | 70 | 30 | 1.7 | 4900 | 501.4
1999-A | R/162L | 2720 | 103 | 19338 | 3167 | 29 | -1 | 110 | 45 | 1.7 | 3000 | 311.1
1999-A | R/162LA | 2240 | 1.03 | 12566 | 3167 | 13| -1 | 56 | 30 | 1.6 | 3150 | 259.2
1999-A | R/162G | 4350 | 147 | 17283 | 3167 | 35 | -1 | 90 | 70 | 2.3 | 469.0 | 464.4
1999-A | R/62H | 4970 | 1.03 | 17557 | 3167 |26 | -1 | 90 | 69 | 2.4 | 469.0 | 527.6
1999-A | Q/68 1470 | 135 | 4297 | 2065 | 0 | -1 | 73 | 104 | 5.0 | 161.0 | 106.0
1999-A | RI25A | 4550 | 135 | 13487 | 3167 | 19 | -1 | 85 | 109 | 4.4 | 4350 | 4445
1999-A | R/25B | 4900 | 135 | 56.86 | 3167 | 49 | -1 | 52 | 109 | 45 | 491.0 | 478.4
1999-A | R/25D | 6280 | 135 | 9020 | 3167 |27 | -1 | 50 | 109 | 45 | 5740 | 612.2
1999-A | R/254 | 3720 | 103 | 6123 | 3167 |14 | 1 | 46 | 36 | 1.4 | 3850 | 387.0
1999-A | S/69 385.0 | 038 | 67.25 | 1906 | 17 | -1 | 73 | 71 | 5.1 | 3850 | 399.2
1999-A | J/146 | 539.0 | 038 | 9409 | 1906 | 15| -1 | 62 | 78 | 48 | 5250 | 574.3
1999-A | /179 | 3360 | 082 | 5177 | 1816 | 13| 0 | 86 | 35 | 3.0 | 371.0 | 357.8
1999-A | L/159 | 4830 | 163 | 4932 | 1816 | 26 | O | 42 | 40 | 2.4 | 5040 | 5004
1999-A | L/87 782.0 | 082 | 2431 | 1816 | 49 | 0 | 82 | 45 | 3.4 | 7500 | 759.1
1999-A | L/43 611.0 | 082 | 6043 | 1816 | 38| -1 | 79 | 69 | 3.9 | 630.0 | 6385
1999-A | L/l 9450 | 058 | 64.47 | 1816 | 43| 0 | 54 | 60 | 5.1 | 9450 | 967.4
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Time Well ql, R Q Qr |Ot|WI|Dw | Th | Ds | CI Cle
phase predicted
1999-A | P/139 350 | 128 | 646 | 1816 | 1 | -1 | 30 | 30 | 08| 490 | 972
1999-A | P/144 | 2170 | 128 | 16483 | 1408 | 7 | 3 | 80 | 30 | 2.8 | 2100 | 222.6
1999-A | P/145 | 2100 | 128 | 9845 | 1408 | 3 | 4 | 75 | 40 | 40 | 2460 | 2195
1999-A | P/138 91.0 | 128 | 5948 | 1408 | 19| -4 | 67 | 33 | 36| 994 | 1359
1999-A | P/124 | 3680 | 128 | 15181 | 1408 | 26 | 3 | 48 | 42 | 31 | 3970 | 3725
1999-B | A/180 630 | 4811 | 556 | 1832 | 17| 2 | 82 | 90 | 31| 700 | 755
1999-B | DI73 630 | 4811 | 6830 | 1832 | 3 | 2 | 79 | 53 | 21| 630 | 743
1999-B | A/185 770 | 4386 | 116.28 | 1832 | 16 | -2 | 80 | 95 | 36| 913 | 753
1999B | D/71 66.0 | 43.86 | 193.38 | 1832 | 1 | -2 | 50 | 43 | 27| 770 | 728
1999B | cCi127 840 | 46.16 | 4395 | 1832 | 34| 0 | 75 | 115 | 56| 77.0 | 89.7
1999B | D/74 770 | 4386 | 19138 | 1832 | 2 | 2 | 81 | 50 | 20| 770 | 791
1999-B | DI/69 700 | 4386 | 17328 | 1832 | 6 | 2 | 40 | 58 | 27| 980 | 740
1999-B E/6 700 | 4386 | 622 | 1832 | 37| -1 | 31 | 100 | 46 | 840 | 915
1999B | D/68 1190 | 4386 | 17839 | 1832 | 11| 2 | 72 | 58 | 26 | 910 | 1125
1999B | cC/79 4637 | 2308 | 3859 | 1832 | 29| 0 | 64 | 90 | 6.4 | 483.0 | 4675
1999-B E/4 700 | 4386 | 8569 | 1832 | 39 | -1 | 34 | 124 | 47| 770 | 758
1999-B | FE/154 | 1900 | 4386 | 17527 | 27.75 |24 | 2 | 92 | 50 | 1.7 | 3220 | 210.3
1999-B | C/128 | 2240 | 2308 | 7259 | 1832 | 15| 1 | 110 | 86 | 7.7 | 231.0 | 211.8
1999-B | E/157 | 159.0 | 4386 | 17457 | 1832 | 13| 2 | 38 | 58 | 2.6 | 182.0 | 1457
1999B | E/90 154.0 | 4386 | 183.02 | 1832 |29 | -1 | 70 | 50 | 36 | 1680 | 150.2
1999-B | R/162L | 3000 | 40.81 | 19177 | 27.75 | 29 | -1 | 110 | 45 | 1.7 | 4130 | 309.7
1999-B | R/162G | 469.0 | 43.86 | 16450 | 27.75 | 35 | -1 | 90 | 70 | 2.3 | 4900 | 475.2
1999-B | R/162H | 469.0 | 40.81 | 105.87 | 27.75 | 26 | -1 | 90 | 69 | 2.4 | 4760 | 470.0
1999B | Q/68 1610 | 4032 | 16974 | 1832 | 0 | -1 | 73 | 104 | 5.0 | 161.0 | 129.1
1999-B | RI25A | 4350 | 4032 | 13542 | 27.75 | 19 | -1 | 85 | 109 | 4.4 | 483.0 | 440.2
1999-B | R/25B | 4910 | 4032 | 79.80 | 27.75 | 49 | -1 | 52 | 109 | 45 | 539.0 | 494.1
1999-B | R/25D | 5740 | 4032 | 147.94 | 2775 | 27 | -1 | 50 | 109 | 45 | 6720 | 582.8
1999-B | R/254 | 3850 | 40.81 | 9055 | 27.75 | 14 | 1 | 46 | 36 | 1.4 | 4130 | 378.4
1999B | S/69 385.0 | 1069 | 81.13 | 17.89 | 17 | -1 | 73 | 71 | 5.1 | 4060 | 3917
1999-B | J/146 | 5250 | 1069 | 107.43 | 1789 | 15| -1 | 62 | 78 | 48 | 5740 | 5525
1999-B | L/179 | 3710 | 1137 | 5197 | 1748 |13 | 0 | 86 | 35 | 3.0 | 4200 | 377.7
1999-B | L/159 | 5040 | 2274 | 5434 | 1748 |26 | 0 | 42 | 40 | 2.4 | 4900 | 492.1
1999-B L/43 630.0 | 11.37 | 66.25 | 1748 | 38 | -1 | 79 | 69 | 3.9 | 657.0 | 647.8
1999-B L/41 9450 | 812 | 6148 | 1748 | 43| 0 | 54 | 60 | 51| 9520 | 956.0
19998 | P/138 994 | 2335 | 2759 | 1277 | 19| -4 | 67 | 33 | 36| 857 | 1300
1999B | P/15 630.0 | 11.67 | 6951 | 1277 | 31| -3 | 18 | 34 | 3.6 | 4280 | 595.6
2000-A | DI67 420 | 012 | 3311 | 2232 | 23| 2| 79 | 80 | 24 | 353 | 726
2000-A | AJ180 700 | 012 | 1456 | 2232 | 18| 2 | 82 | 90 | 31| 770 | 821
2000-A | DI73 63.0 | 012 | 10225 | 2232 | 4 | 2 | 79 | 53 | 21| 560 | 895
2000-A | DI72 700 | 204 | 17383 | 2232 | 2 | 2 | 46 | 41 | 29| 630 | 981
2000-A | AJ185 913 | 204 | 11146 | 2232 | 17| 2 | 80 | 95 | 36| 91.0 | 909
2000-A | DI71 770 | 204 | 20156 | 2232 | 2 | 2 | 50 | 43 | 27| 700 | 1021
2000-A | Cl127 770 | 000 | 6257 | 2232 | 35| 0 | 75 | 115 | 56| 77.0 | 787
2000-A | DI74 770 | 204 | 15589 | 2232 | 3 | 2 | 81 | 50 | 20| 77.0 | 995
2000-A | DI70 91.0 | 204 | 15807 | 2232 | 4 | 2 | 42 | 40 | 30| 910 | 1172
2000-A | DI69 980 | 204 | 16869 | 2232 | 7 | 2 | 40 | 58 | 27| 910 | 1142
2000-A E/6 840 | 204 | 8486 | 2232 | 38| -1 | 31 | 100 | 46 | 91.0 | 99.8
2000-A | DI/68 91.0 | 204 | 18865 | 2232 | 12| 2 | 72 | 58 | 26 | 126.0 | 1109
2000-A | CI79 4830 | 000 | 3924 | 2232 | 30| 0 | 64 | 90 | 6.4 | 4780 | 4975
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Time Well ql, R Q Qr |Ot|WI|Dw | Th | Ds | CI Cle

phase predicted
2000-A E/4 770 | 204 | 7889 | 2232 | 40 | -1 | 34 | 124 | 47| 770 | 767

2000-A | E/154 | 3220 | 204 | 17427 | 3224 | 25| 2 | 92 | 50 | 1.7 | 3712 | 356.1
2000-A | C/128 | 2310 | 0.00 | 10176 | 2232 | 16 | 1 | 110 | 86 | 7.7 | 2450 | 224.0
2000-A | E/57 | 1820 | 204 | 16782 | 2232 | 14| 2 | 38 | 58 | 2.6 | 1750 | 194.3
2000-A | E/156 | 1400 | 2.04 | 159.69 | 2232 |20 | -1 | 70 | 80 | 42 | 161.0 | 146.3
2000-A | E/90 1680 | 204 | 17507 | 2232 |30 | -1 | 70 | 50 | 36 | 1750 | 192.9
2000-A | CI76 5250 | 0.00 | 1954 | 2232 |57 | 0 | 38 | 90 | 65 | 532.0 | 544.3
2000-A | R/162G | 4900 | 2.04 | 152.97 | 3224 | 36 | -1 | 90 | 70 | 2.3 | 5140 | 514.8
2000-A | R/162H | 4760 | 0.14 | 134.68 | 3224 | 27 | -1 | 90 | 69 | 2.4 | 490.0 | 495.4
2000-A | QI68 1610 | 202 | 20971 | 2232 | 1 | -1 | 73 | 104 | 5.0 | 1714 | 1333
2000-A | R/12 | 3920 | 0.14 | 6001 | 3224 | 35| 1 | 36 | 30 | 0.6 | 3680 | 4102
2000-A | RI25A | 4830 | 2.02 | 12627 | 3224 | 20 | -1 | 85 | 109 | 4.4 | 4650 | 470.4
2000-A | R/25B | 539.0 | 202 | 183.94 | 3224 | 50 | -1 | 52 | 109 | 45 | 564.0 | 554.7
2000-A | R/113 | 2590 | 0.14 | 7655 | 3224 | 35| 1 | 32 | 40 | 0.8 | 280.0 | 285.0
2000-A | R/25D | 6720 | 2.02 | 15585 | 3224 | 28 | -1 | 50 | 109 | 45 | 7140 | 6784
2000-A | R/254 | 4130 | 0.14 | 11630 | 3224 | 15| 1 | 46 | 36 | 1.4 | 392.0 | 436.6
2000-A | S/69 4060 | 000 | 7549 | 2117 |18 | -1 | 73 | 71 | 5.1 | 4284 | 4222
2000-A | J/146 | 5740 | 0.00 | 10991 | 2117 | 16 | -1 | 62 | 78 | 48 | 567.0 | 616.3
2000-A | L/A79 | 4200 | 0.00 | 6582 | 2023 | 14| 0 | 86 | 35 | 3.0 | 4200 | 4448
2000-A | L/159 | 4900 | 0.00 | 57.96 | 2023 | 27| 0 | 42 | 40 | 24 | 4690 | 5134
2000-A | L/127 | 6300 | 0.00 | 7955 | 2023 |33 | 0 | 60 | 30 | 3.4 | 6783 | 649.6
2000-A | L/43 6570 | 0.00 | 6625 | 2023 | 39 | -1 | 79 | 69 | 3.9 | 700.0 | 690.9
2000-A | L4l 952.0 | 0.00 | 76.32 | 2023 | 44 | 0 | 54 | 60 | 5.1 | 1013.9 | 988.0
2000-A | P/138 857 | 000 | 50.10 | 14.85 | 20 | -4 | 67 | 33 | 36 | 1142 | 1357
2000-A | P/15 4280 | 000 | 9029 | 1485 | 32| 3 | 18 | 34 | 3.6 | 671.0 | 4303
2000B | DI67 353 | 55.46 | 3000 | 1963 | 23| 2 | 79 | 80 | 24 | 355 | 618

2000-B | AJ180 770 | 5546 | 4337 | 1963 | 18 | 2 | 82 | 90 | 31| 840 | 845

2000-B | DI73 56.0 | 5546 | 73.93 | 1963 | 4 | 2 | 79 | 53 | 21| 706 | 69.9

2000B | DI72 63.0 | 60.96 | 166.51 | 1963 | 2 | 2 | 46 | 41 | 29| 635 | 710

2000-B | AJ185 91.0 | 6096 | 112.72 | 1963 | 17| 2 | 80 | 95 | 36 | 847 | 89.0

20008 | D71 700 | 60.96 | 184.56 | 1963 | 2 | 2 | 50 | 43 | 27| 777 | 752

2000-B | C/127 770 | 56.00 | 4250 | 1963 | 35| 0 | 75 | 115 | 56| 77.7 | 87.7

2000-B | DI74 770 | 60.96 | 101.11 | 1963 | 3 | 2 | 81 | 50 | 20| 765 | 80.9

2000-B | DI70 91.0 | 60.96 | 152.29 | 1963 | 4 | 2 | 42 | 40 | 30| 988 | 908

2000-B | DI/69 91.0 | 60.96 | 181.04 | 1963 | 7 | 2 | 40 | 58 | 27| 988 | 89.0

2000-B E/6 910 | 60.96 | 81.90 | 19.63 | 38 | -1 | 31 | 100 | 46 | 988 | 100.6
2000-B | DI/68 1260 | 60.96 | 174.68 | 1963 | 12 | 2 | 72 | 58 | 2.6 | 127.1 | 116.2
2000-B | CI79 4780 | 2800 | 1395 | 1963 | 30| 0 | 64 | 90 | 6.4 | 4730 | 477.9
2000-B E/4 770 | 60.96 | 32.85 | 19.63 | 40 | -1 | 34 | 124 | 47 | 695 | 881

2000-B | E/154 | 371.2 | 60.96 | 14029 | 2822 | 25 | 2 | 92 | 50 | 1.7 | 466.0 | 360.0
2000-B | C/128 | 2450 | 28.00 | 82.65 | 1963 | 16 | 1 | 110 | 86 | 7.7 | 247.1 | 2334
2000-B | E/A57 | 1750 | 60.96 | 139.73 | 1963 | 14 | 2 | 38 | 58 | 2.6 | 1765 | 155.8
2000-B | E/156 | 161.0 | 60.96 | 118.70 | 1963 | 20 | -1 | 70 | 80 | 42 | 153.0 | 146.4
2000-B | E/90 1750 | 60.96 | 130.65 | 1963 | 30 | -1 | 70 | 50 | 3.6 | 139.1 | 163.3
2000B | CI76 532.0 | 28.00 | 10.89 | 1963 | 57 | 0 | 38 | 90 | 65| 5789 | 533.0
2000-B | R/162G | 514.0 | 60.96 | 154.18 | 2822 | 36 | -1 | 90 | 70 | 2.3 | 5154 | 504.2
2000-B | R/L62HA | 4900 | 56.46 | 93.99 | 2822 |10 | -1 | 85 | 69 | 2.4 | 501.3 | 478.0
2000-B | R/162H | 4900 | 56.46 | 132.42 | 2822 | 27 | -1 | 90 | 69 | 2.4 | 508.3 | 4825
2000B | QI68 1714 | 6021 | 19926 | 1963 | 1 | -1 | 73 | 104 | 5.0 | 1765 | 145.0
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Time Well ql, R Q Qr |Ot|WI|Dw | Th | Ds | CI Cle

phase predicted
2000-B | R/25A | 4650 | 60.21 | 11881 | 2822 | 20 | -1 | 85 | 109 | 4.4 | 4729 | 460.6
2000-B | R/113 | 2800 | 56.46 | 7324 | 2822 | 35| 1 | 32 | 40 | 0.8 | 3036 | 2743
2000-B | R/25D | 7140 | 6021 | 17596 | 2822 | 28 | -1 | 50 | 109 | 45 | 706.0 | 708.7
2000-B | R/254 | 3920 | 56.46 | 72.83 | 2822 | 15| 1 | 46 | 36 | 1.4 | 4024 | 3715
2000-B | S/69 4284 | 2265 | 5377 | 1925 | 18 | -1 | 73 | 71 | 5.1 | 466.0 | 4288
2000-B | J/146 | 567.0 | 22.65 | 103.08 | 1925 | 16 | -1 | 62 | 78 | 48 | 577.3 | 590.3
2000-B | L/159A | 3500 | 4299 | 6401 | 1882 | 2 | 0 | 62 | 30 | 25 | 2365 | 319.9
2000-B | L/159 | 469.0 | 42.99 | 52.80 | 1882 |27 | O | 42 | 40 | 2.4 | 4869 | 4382
2000-B L/g7 896.0 | 21.50 | 49.04 | 1882 |50 | 0 | 82 | 45 | 3.4 | 9181 | 864.7
2000-B | L/127 | 6783 | 2150 | 7144 | 1882 |33 | O | 60 | 30 | 3.4 | 667.7 | 666.7
2000-B L/43 700.0 | 21.50 | 4342 | 1882 | 39 | -1 | 79 | 69 | 3.9 | 6955 | 707.4
2000-B L/41 | 10139 | 1535 | 70.86 | 1882 | 44| 0 | 54 | 60 | 5.1 | 987.6 | 10323
2000-B | P/144 | 2427 | 3430 | 12828 | 1371 | 8 | 3 | 80 | 30 | 2.8 | 264.3 | 216.0
2000-B | P/145 | 2570 | 3430 | 000 | 1371 | 4 | 4 | 75 | 40 | 40 | 2643 | 242.1
2000B | P/15 671.0 | 17.15 | 4839 | 1371 | 32| -3 | 18 | 34 | 3.6 | 6955 | 629.2
2001-A | DI67 355 | 058 | 4820 | 2399 | 24 | 2 | 79 | 80 | 24| 353 | 684

2001-A | AJ180 840 | 058 | 6911 | 2399 | 19| 2 | 82 | 90 | 31| 922 | 930

2001-A | DI73 706 | 058 | 10372 | 2399 | 5 | 2 | 79 | 53 | 21| 709 | 986

2001-A | DI72 635 | 214 | 17481 | 2399 | 3 | 2 | 46 | 41 | 29| 851 | 979

2001-A | E6L | 14120 | 214 | 14977 | 23.99 | 27 | -1 | 43 | 40 | 1.3 | 1744.1 | 1576.6
2001-A | A185 847 | 214 | 14495 | 2399 | 18 | 2 | 80 | 95 | 3.6 | 106.4 | 915

2001-A | D71 777 | 214 | 18571 | 2399 | 3 | 2 | 50 | 43 | 27| 922 | 1083
2001-A | Cl27 777 | 058 | 6888 | 2399 | 36| 0 | 75 | 115 | 56| 77.9 | 821

2001-A | DI74 765 | 2.14 | 16644 | 2399 | 4 | 2 | 81 | 50 | 20| 70.8 | 104.0
2001-A | DI70 988 | 214 | 15115 | 2399 | 5 | 2 | 42 | 40 | 30| 993 | 1281
2001-A | DI69 988 | 2.14 | 17048 | 2399 | 8 | 2 | 40 | 58 | 27 | 106.8 | 1202
2001-A E/6 988 | 214 | 86.92 | 2399 | 39 | -1 | 31 | 100 | 46 | 99.3 | 1142
2001-A | D/68 1271 | 214 | 17729 | 2399 | 13| 2 | 72 | 58 | 2.6 | 1347 | 147.3
2001-A | CI79 4730 | 029 | 3380 | 2399 | 31| 0 | 64 | 90 | 6.4 | 4892 | 4825
2001-A E/4 695 | 2.14 | 6011 | 2399 | 41 | -1 | 34 | 124 | 47| 779 | 737

2001-A | E/154 | 4660 | 214 | 14918 | 3281 | 26 | 2 | 92 | 50 | 1.7 | 567.2 | 492.7
2001-A | C/128 | 2471 | 029 | 10764 | 2399 | 17 | 1 | 110 | 86 | 7.7 | 2482 | 242.9
2001-A | E/57 | 1765 | 214 | 15968 | 23.99 | 15 | 2 | 38 | 58 | 2.6 | 1702 | 193.1
2001-A | E/156 | 1530 | 214 | 16391 | 2399 |21 | -1 | 70 | 80 | 42 | 1488 | 163.1
2001-A | E/90 1391 | 214 | 17793 | 2399 |31 | -1 | 70 | 50 | 36 | 1772 | 1702
2001-A | R/162L | 499.1 | 0.37 | 184.03 | 3281 | 31 | -1 | 110 | 45 | 1.7 | 4942 | 5347
2001-A | R/162G | 5154 | 2.14 | 183.70 | 3281 |37 | -1 | 90 | 70 | 23 | 526.8 | 545.6
2001-A | RIL62HA | 501.3 | 0.37 | 8540 | 3281 |11 | -1 | 85 | 69 | 2.4 | 5126 | 500.0
2001-A | R/162H | 5083 | 0.37 | 139.84 | 3281 | 28 | -1 | 90 | 69 | 2.4 | 5055 | 528.1
2001-A | RI25A | 4729 | 228 | 12143 | 3281 | 21 | -1 | 85 | 109 | 4.4 | 482.1 | 4587
2001-A | R/13 | 3036 | 037 | 7373 | 3281 |36 | 1 | 32 | 40 | 0.8 | 3132 | 3257
2001-A | R/25D | 7060 | 228 | 193.60 | 32.81 | 29 | -1 | 50 | 109 | 45 | 7161 | 722.9
2001-A | RI25C | 9320 | 228 | 48.99 | 3281 | 44 | -1 | 45 | 109 | 45 | 9429 | 911.1
2001-A | R/254 | 4024 | 037 | 10734 | 3281 | 16 | 1 | 46 | 36 | 1.4 | 4129 | 424.1
2001-A | L/I59A | 2365 | 131 | 7120 | 2229 | 3 | 0 | 62 | 30 | 25 | 3256 | 2589
2001-A | L/159 | 4869 | 131 | 58.94 | 2229 |28 | 0 | 42 | 40 | 2.4 | 4963 | 5105
2001-A | L/87 9181 | 065 | 64.78 | 2229 | 51| 0 | 82 | 45 | 3.4 | 9484 | 9246
2001-A | L/127 | 6677 | 065 | 9531 | 2229 |34 | 0 | 60 | 30 | 3.4 | 693.6 | 696.6
2001-A | L/43 6955 | 065 | 7012 | 2229 | 40 | -1 | 79 | 69 | 3.9 | 7148 | 7315
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Time Well ql, R Q Qr |Ot|WI|Dw | Th | Ds | CI Cle

phase predicted
2001-A | L/176 | 7442 | 0.65 | 139.84 | 2229 | 18 | -1 | 110 | 50 | 3.4 | 8139 | 825.0
2001-A | L4l 987.6 | 047 | 7870 | 2229 | 45| 0 | 54 | 60 | 5.1 | 990.9 | 1029.4
2001-A | P/144 | 2643 | 163 | 12624 | 15661 | 9 | 3 | 80 | 30 | 2.8 | 2786 | 275.3
2001-A | P/145 | 2643 | 163 | 000 | 1561 | 5 | 4 | 75 | 40 | 40 | 2714 | 292.0
2001-A | P/124 | 4243 | 163 | 17674 | 1561 | 28 | -3 | 48 | 42 | 3.1 | 4428 | 4386
2001-A | P/15 6955 | 0.82 | 86.36 | 1561 | 33 | -3 | 18 | 34 | 3.6 | 721.4 | 6982
2001-B | DI67 353 | 62.13 | 31.39 | 2095 | 24 | 2 | 79 | 80 | 24| 425 | 636

2001-B | A/180 922 | 6213 | 4514 | 2095 | 19| -2 | 82 | 90 | 31| 1061 | 985

2001-B | DI73 709 | 6213 | 8423 | 2095 | 5 | 2 | 79 | 53 | 21| 708 | 813

2001-B | DI72 85.1 | 63.84 | 166.99 | 2095 | 3 | 2 | 46 | 41 | 29| 857 | 90.0

2001-B | A/185 | 1064 | 63.84 | 131.04 | 2095 | 18 | 2 | 80 | 95 | 36 | 1132 | 105.7
2001B | DI71 922 | 63.84 | 139.67 | 2095 | 3 | 2 | 50 | 43 | 27 | 1000 | 947

2001-B | C/127 779 | 62.29 | 60.65 | 2095 | 36| 0 | 75 | 115 | 56 | 92.0 | 915

2001-B | DI74 70.8 | 63.84 | 131.79 | 2095 | 4 | 2 | 81 | 50 | 20| 920 | 798

2001-B | DI70 99.3 | 63.84 | 12892 | 2095 | 5 | 2 | 42 | 40 | 30| 107.1 | 1003
2001-B | DI/69 106.8 | 63.84 | 14533 | 2095 | 8 | 2 | 40 | 58 | 2.7 | 1143 | 105.3
2001-B E/6 99.3 | 63.84 | 59.11 | 2095 | 39 | -1 | 31 | 100 | 46 | 106.1 | 1115
2001-B | DI/68 1347 | 63.84 | 18267 | 2095 | 13 | 2 | 72 | 58 | 2.6 | 1428 | 127.2
2001-B | CI79 4802 | 31.14 | 2425 | 2095 | 31| 0 | 64 | 90 | 6.4 | 5025 | 489.0
2001-B E/4 779 | 63.84 | 37.04 | 2095 | 41 | -1 | 34 | 124 | 47| 708 | 928

2001-B | C/128 | 2482 | 31.14 | 91.95 | 2095 | 17 | 1 | 110 | 86 | 7.7 | 261.8 | 239.0
2001-B | E/57 | 1702 | 63.84 | 16542 | 2095 | 15 | 2 | 38 | 58 | 2.6 | 1786 | 155.6
2001-B | E/156 | 148.8 | 63.84 | 151.73 | 2095 | 21 | -1 | 70 | 80 | 42 | 1846 | 140.3
2001-B | R/162L | 4942 | 61.79 | 139.80 | 28.70 | 31 | -1 | 110 | 45 | 1.7 | 521.4 | 476.4
2001-B | R/162G | 5268 | 63.84 | 13401 | 2870 | 37 | -1 | 90 | 70 | 2.3 | 542.0 | 512.6
2001-B | R/L62HA | 512.6 | 61.79 | 9573 | 2870 | 11 | -1 | 85 | 69 | 2.4 | 4857 | 497.0
2001-B | R/162H | 5055 | 61.79 | 12531 | 2870 | 28 | -1 | 90 | 69 | 2.4 | 4857 | 492.6
2001-B | R/25A | 4821 | 68.22 | 117.71 | 2870 | 21 | -1 | 85 | 109 | 4.4 | 5000 | 472.6
2001-B | R/25B | 5459 | 68.22 | 14420 | 2870 | 51 | -1 | 52 | 109 | 45 | 5000 | 530.9
2001-B | R/13 | 3132 | 6179 | 69.27 | 2870 |36 | 1 | 32 | 40 | 0.8 | 3286 | 3005
2001-B | R/25D | 716.1 | 68.22 | 188.49 | 2870 | 29 | -1 | 50 | 109 | 45 | 750.0 | 698.4
2001-B | R/25C | 9429 | 6822 | 1.34 | 2870 | 44| -1 | 45 | 109 | 45 | 9286 | 896.4
2001-B | R/254 | 4129 | 61.79 | 8219 | 2870 | 16 | 1 | 46 | 36 | 1.4 | 407.0 | 388.9
2001-B | L/159A | 3256 | 3497 | 7338 | 2017 | 3 | 0 | 62 | 30 | 25 | 3242 | 3088
2001-B | L/169 | 4963 | 34.97 | 5210 | 2017 | 28 | 0 | 42 | 40 | 2.4 | 486.0 | 477.9
2001-B | L/127 | 6936 | 17.48 | 8759 | 2017 |34 | 0 | 60 | 30 | 3.4 | 6907 | 697.1
2001-B L/43 7148 | 1748 | 58.35 | 2017 | 40 | -1 | 79 | 69 | 3.9 | 7189 | 733.0
2001-B | L/176 | 8139 | 17.48 | 14475 | 2017 | 18 | -1 | 110 | 50 | 3.4 | 838.7 | 895.8
2001-B L/41 990.9 | 12.49 | 7561 | 2017 | 45| 0 | 54 | 60 | 5.1 | 972.0 | 10166
2001-B | P/144 | 2786 | 27.27 | 11666 | 1465 | 9 | 3 | 80 | 30 | 2.8 | 2044 | 2586
2001-B | P/145 | 2714 | 2727 | 000 | 1465 | 5 | 4 | 75 | 40 | 40 | 2819 | 265.1
2001-B | P/138 | 1286 | 27.27 | 56.09 | 1465 | 21 | 4 | 67 | 33 | 3.6 | 2044 | 1450
2001-B | P/124 | 4428 | 27.27 | 18150 | 14.65 | 28 | -3 | 48 | 42 | 3.1 | 4440 | 426.1
2002-A | DI67 425 | 111 | 4303 | 2565 | 25| 2 | 79 | 80 | 24 | 355 | 756

2002-A | A180 | 1061 | 111 | 6372 | 2565 | 20| 2 | 82 | 90 | 31| 995 | 1136
2002-A | DI73 708 | 111 | 12574 | 2565 | 6 | 2 | 79 | 53 | 21| 640 | 1027
2002-A | DI72 857 | 262 | 172.84 | 2565 | 4 | -2 | 46 | 41 | 29| 782 | 1212
2002-A | A185 | 1132 | 262 | 17584 | 2565 | 19 | 2 | 80 | 95 | 3.6 | 1060 | 1235
2002-A | D71 1000 | 262 | 20022 | 2565 | 4 | 2 | 50 | 43 | 27 | 710 | 1334
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Time Well ql, R Q Qr |Ot|WI|Dw | Th | Ds | CI Cle

phase predicted
2002-A | DI74 920 | 262 | 17508 | 2565 | 5 | 2 | 81 | 50 | 20| 865 | 1227
2002-A | DI70 1071 | 262 | 13890 | 2565 | 6 | 2 | 42 | 40 | 30| 781 | 139.3
2002-A | DI69 1143 | 262 | 17052 | 2565 | 9 | 2 | 40 | 58 | 27 | 852 | 139.1
2002-A E/6 106.1 | 262 | 80.81 | 2565 | 40 | -1 | 31 | 100 | 46 | 850 | 1225
2002-A | DI68 1428 | 262 | 19137 | 2565 | 14| 2 | 72 | 58 | 26 | 1060 | 167.4
2002-A | CI79 5025 | 085 | 52.38 | 25.65 | 32| 0 | 64 | 90 | 6.4 | 476.0 | 513.0
2002-A E/4 708 | 262 | 4171 | 2565 | 42 | -1 | 34 | 124 | 47| 779 | 769

2002-A | E/54 | 2357 | 262 | 13176 | 3338 |27 | 2 | 92 | 50 | 1.7 | 1776 | 2688
2002-A | C/128 | 2618 | 0.85 | 9856 | 2565 | 18 | 1 | 110 | 86 | 7.7 | 2480 | 259.1
2002-A | E/57 | 1786 | 262 | 163.73 | 2565 | 16 | 2 | 38 | 58 | 2.6 | 127.9 | 199.6
2002-A | E/156 | 1846 | 262 | 196.08 | 2565 | 22 | -1 | 70 | 80 | 42 | 1560 | 200.3
2002-A | CI76 608.6 | 0.85 | 2241 | 2565 |59 | O | 38 | 90 | 65 | 593.0 | 622.2
2002-A | R/162L | 521.4 | 2.18 | 166.89 | 33.38 | 32 | -1 | 110 | 45 | 1.7 | 5180 | 551.3
2002-A | RI162LA | 664.3 | 2.18 | 154.76 | 3338 | 16 | -1 | 56 | 30 | 1.6 | 7100 | 701.8
2002-A | R/162G | 5420 | 2.62 | 16567 | 3338 | 38 | -1 | 90 | 70 | 23 | 782.0 | 566.7
2002-A | RIL62HA | 4857 | 218 | 17859 | 3338 | 12 | -1 | 85 | 69 | 2.4 | 4900 | 513.7
2002-A | R/162H | 4857 | 218 | 130.73 | 3338 | 29 | -1 | 90 | 69 | 2.4 | 4900 | 502.3
2002-A | QI68 1500 | 247 | 23134 | 2565 | 3 | -1 | 73 | 104 | 5.0 | 177.0 | 1455
2002-A | RI25A | 5000 | 247 | 12653 | 3338 | 22 | -1 | 85 | 109 | 4.4 | 483.0 | 487.0
2002-A | R/25B | 5000 | 2.47 | 15576 | 3338 | 52 | -1 | 52 | 109 | 45 | 5040 | 507.3
2002-A | R/25D | 7500 | 2.47 | 208.94 | 3338 | 30 | -1 | 50 | 109 | 45 | 7100 | 769.8
2002-A | R/254 | 4070 | 218 | 10461 | 3338 | 17 | 1 | 46 | 36 | 1.4 | 3978 | 427.2
2002-A | R/265 | 2214 | 218 | 5312 | 3338 | 7 | 1 | 39 | 40 | 1.0 | 199.0 | 244.4
2002-A | L/I59A | 3242 | 140 | 7699 | 2436 | 4 | 0 | 62 | 30 | 25 | 3259 | 3452
2002-A | L/159 | 4860 | 1.40 | 51.99 | 2436 | 29 | 0 | 42 | 40 | 2.4 | 4747 | 5088
2002-A | L/127 | 6907 | 070 | 8853 | 2436 | 35| 0 | 60 | 30 | 3.4 | 7085 | 7206
2002-A | L/43 7189 | 070 | 7317 | 2436 | 41| -1 | 79 | 69 | 3.9 | 7227 | 7543
2002-A | L/176 | 8387 | 070 | 134.28 | 2436 | 19 | -1 | 110 | 50 | 3.4 | 850.2 | 9314
2002-A | P/144 | 2044 | 093 | 14240 | 1638 | 10 | 3 | 80 | 30 | 2.8 | 2480 | 2184
2002-A | P/145 | 2819 | 093 | 000 | 1638 | 6 | 4 | 75 | 40 | 40 | 2834 | 309.9
2002-A | P/138 | 2044 | 093 | 6291 | 1638 |22 | 4 | 67 | 33 | 36 | 141.7 | 2319
2002-A | P/124 | 4440 | 093 | 187.38 | 1638 | 29 | -3 | 48 | 42 | 3.1 | 7085 | 464.8
2002-B | DI67 355 | 83.07 | 3090 | 2227 | 25| -2 | 79 | 80 | 24| 500 | 631

2002-B | A/180 995 | 83.07 | 5737 | 2227 | 20| 2 | 82 | 90 | 31| 995 | 1039
2002B | DI73 640 | 8307 | 9590 | 2227 | 6 | 2 | 79 | 53 | 21| 716 | 752

2002B | DI72 782 | 7819 | 17242 | 2227 | 4 | 2 | 46 | 41 | 29| 784 | 865

2002-B | A/185 | 1060 | 78.19 | 14174 | 2227 | 19| 2 | 80 | 95 | 36 | 107.4 | 109.0
2002B | DI71 710 | 78190 | 214.88 | 2227 | 4 | 2 | 50 | 43 | 27| 855 | 828

2002B | DI70 781 | 7819 | 126.16 | 2227 | 6 | 2 | 42 | 40 | 30| 998 | 857

2002-B | DI69 852 | 7819 | 159.84 | 2227 | 9 | 2 | 40 | 58 | 27| 998 | 917

2002-B E/6 850 | 78.19 | 61.63 | 22.27 | 40 | -1 | 31 | 100 | 46 | 107.8 | 1021
2002-B | DI/68 1060 | 78.19 | 18831 | 2227 | 14 | 2 | 72 | 58 | 2.6 | 1426 | 107.0
2002B | CI79 4760 | 46.05 | 1752 | 2227 | 32| 0 | 64 | 90 | 6.4 | 479.7 | 465.0
2002-B E/4 779 | 7819 | 4445 | 2227 | 42| -1 | 34 | 124 | 47| 877 | 963

2002-B | C/128 | 2480 | 46.05 | 90.40 | 2227 | 18 | 1 | 110 | 86 | 7.7 | 222.0 | 237.7
2002-B | E/57 | 1279 | 7819 | 14975 | 2227 | 16 | 2 | 38 | 58 | 2.6 | 189.3 | 122.7
2002-B | E/56 | 1560 | 78.19 | 179.72 | 2227 |22 | -1 | 70 | 80 | 42 | 1647 | 146.2
2002B | E/90 191.0 | 78.19 | 166,67 | 2227 | 32| -1 | 70 | 50 | 36 | 2005 | 175.7
2002B | CI76 593.0 | 46.05 | 16.68 | 2227 |59 | 0 | 38 | 90 | 6.5 | 615.8 | 585.9
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Time Well ql, R Q Qr |Ot|WI|Dw | Th | Ds | CI Cle

phase predicted
2002-B | R/162L | 5180 | 71.65 | 163.33 | 29.17 | 32 | -1 | 110 | 45 | 1.7 | 6200 | 491.9
2002-B | R/162LA | 7100 | 71.65 | 14924 | 2917 | 16 | -1 | 56 | 30 | 1.6 | 7100 | 695.4
2002-B | R/162G | 782.0 | 78.19 | 178.15 | 2917 | 38| -1 | 90 | 70 | 23 | 542.0 | 755.0
2002-B | R/L62HA | 4900 | 71.65 | 151.82 | 29.17 | 12 | -1 | 85 | 69 | 2.4 | 5205 | 474.9
2002-B | R/162H | 4900 | 71.65 | 131.97 | 29.17 | 29 | -1 | 90 | 69 | 2.4 | 477.7 | 469.7
2002B | QI68 1770 | 7377 | 199.14 | 2227 | 3 | -1 | 73 | 104 | 5.0 | 1783 | 1648
2002-B | RI25A | 483.0 | 73.77 | 12069 | 29.17 | 22 | -1 | 85 | 109 | 4.4 | 4848 | 4705
2002-B | R/25B | 504.0 | 73.77 | 12937 | 29.17 | 52 | -1 | 52 | 109 | 45 | 513.4 | 4865
2002-B | R/25D | 7100 | 73.77 | 182.87 | 29.17 | 30 | -1 | 50 | 109 | 45 | 7270 | 6825
2002-B | R/254 | 397.8 | 71.65 | 7356 | 29.17 | 17| 1 | 46 | 36 | 1.4 | 363.6 | 367.4
2002-B | R/265 | 199.0 | 7165 | 4726 | 2917 | 7 | 1 | 39 | 40 | 1.0 | 1996 | 2015
2002-B | L/159A | 3259 | 3327 | 9522 | 2151 | 4 | 0 | 62 | 30 | 25 | 3150 | 314.0
2002-B | LS9 | 4747 | 3327 | 6587 | 2151 |29 | O | 42 | 40 | 2.4 | 4726 | 462.7
2002-B L/g7 949.4 | 16.64 | 69.03 | 2151 | 52 | 0 | 82 | 45 | 3.4 | 9540 | 9429
2002-B | L/127 | 7085 | 16.64 | 8062 | 2151 | 35| O | 60 | 30 | 3.4 | 6940 | 7150
2002-B L/43 7227 | 1664 | 7059 | 2151 | 41| -1 | 79 | 69 | 3.9 | 7446 | 7469
2002B | L/176 | 8502 | 16.64 | 119.28 | 2151 | 19| -1 | 110 | 50 | 3.4 | 826.0 | 926.4
2002-B | P/144 | 2480 | 23.43 | 103.73 | 1559 | 10 | 3 | 80 | 30 | 2.8 | 293.6 | 2385
2002-B | P/145 | 2834 | 2343 | 000 | 1559 | 6 | 4 | 75 | 40 | 40 | 2864 | 282.3
2002-B | P/138 | 1417 | 2343 | 5961 | 1559 | 22 | 4 | 67 | 33 | 36 | 171.8 | 159.0
2003-A | DI67 500 | 140 | 4839 | 2732 | 26| 2 | 79 | 80 | 24 | 426 | 832

2003-A | A/180 995 | 140 | 8371 | 2732 | 21| 2 | 82 | 90 | 31| 1136 | 1131
2003-A | DI73 716 | 140 | 12811 | 2732 | 7 | 2 | 79 | 53 | 21| 639 | 1083
2003-A | A185 | 1074 | 141 | 24655 | 2732 |20 | 2 | 80 | 95 | 36 | 1207 | 132.9
2003-A | DI70 998 | 141 | 15054 | 2732 | 7 | 2 | 42 | 40 | 30| 1065 | 1381
2003-A | DI69 998 | 141 | 18873 | 2732 | 10 | -2 | 40 | 58 | 27 | 1136 | 1340
2003-A E/6 1078 | 141 | 1647 | 2732 | 41| -1 | 31 | 100 | 46 | 1141 | 121.8
2003-A | DI/68 1426 | 141 | 20875 | 2732 | 15| 2 | 72 | 58 | 2.6 | 1420 | 1745
2003A | CI79 4797 | 070 | 677 | 2732 | 33| 0 | 64 | 90 | 6.4 | 4757 | 476.0
2003-A E/4 877 | 141 | 5815 | 2732 | 43| -1 | 34 | 124 | 47| 923 | 919

2003-A | E/154 | 8410 | 141 | 15459 | 3394 | 28 | 2 | 92 | 50 | 1.7 | 1036.6 | 883.7
2003-A | C/128 | 2220 | 070 | 10349 | 2732 | 19| 1 | 110 | 86 | 7.7 | 2556 | 223.1
2003-A | E/57 | 1893 | 141 | 17615 | 2732 |17 | 2 | 38 | 58 | 2.6 | 1846 | 215.1
2003-A | E/156 | 1647 | 141 | 19956 | 2732 |23 | -1 | 70 | 80 | 42 | 156.2 | 187.3
2003-A | E/90 2005 | 141 | 179.28 | 2732 | 33| -1 | 70 | 50 | 3.6 | 1846 | 2335
2003-A | CI76 6158 | 070 | 17.86 | 2732 |60 | 0 | 38 | 90 | 6.5 | 6248 | 6243
2003-A | R/162L | 6200 | 1.07 | 18649 | 33.94 | 33 | -1 | 110 | 45 | 1.7 | 624.8 | 654.9
2003-A | RI162LA | 7100 | 1.07 | 14122 | 3394 | 17 | -1 | 56 | 30 | 1.6 | 823.6 | 744.6
2003-A | R/162G | 5420 | 141 | 21481 | 3394 |39 | -1 | 90 | 70 | 23 | 553.8 | 575.6
2003-A | RIL62HA | 5205 | 1.07 | 20572 | 3394 | 13 | -1 | 85 | 69 | 2.4 | 511.2 | 556.3
2003-A | RI162H | 4777 | 1.07 | 15741 | 3394 |30 | -1 | 90 | 69 | 2.4 | 5609 | 500.1
2003-A | Q/68 1783 | 163 | 25494 | 2732 | 4 | -1 | 73 | 104 | 50 | 1704 | 184.9
2003-A | RI25A | 4848 | 1.63 | 13061 | 33.94 | 23 | -1 | 85 | 109 | 4.4 | 497.0 | 472.2
2003-A | R/25B | 5134 | 1.63 | 198.60 | 33.94 | 53 | -1 | 52 | 109 | 45 | 539.6 | 526.6
2003-A | R/13 | 3351 | 1.07 | 9093 | 3394 |38 | 1 | 32 | 40 | 0.8 | 3266 | 356.8
2003-A | R/25D | 7270 | 1.63 | 213.99 | 3394 | 31 | -1 | 50 | 109 | 45 | 7455 | 742.9
2003-A | R/254 | 3636 | 1.07 | 7557 | 3394 |18 | 1 | 46 | 36 | 1.4 | 369.2 | 380.2
2003-A | R/265 | 1996 | 1.07 | 5568 | 3394 | 8 | 1 | 39 | 40 | 1.0 | 1986 | 226.6
2003-A | L/I59A | 3150 | 121 | 11875 | 2643 | 5 | 0 | 62 | 30 | 25 | 3080 | 3386

135




Annexes

Time Well ql, R Q Qr |Ot|WI|Dw | Th | Ds | CI Cle

phase predicted
2003-A | L/1B9 | 4726 | 121 | 7688 | 2643 | 30 | 0 | 42 | 40 | 2.4 | 4726 | 496.7
2003-A | L/87 954.0 | 061 | 84.09 | 2643 | 53 | 0 | 82 | 45 | 3.4 | 9380 | 977.4
2003-A | L/127 | 6940 | 061 | 7999 | 2643 |36 | 0 | 60 | 30 | 3.4 | 7375 | 721.1
2003-A | L/43 7446 | 061 | 116.65 | 2643 | 42 | -1 | 79 | 69 | 3.9 | 7446 | 7915
2003-A | L/176 | 8260 | 0.61 | 140.09 | 2643 | 20 | -1 | 110 | 50 | 3.4 | 8950 | 910.3
2003A | L4l 9740 | 043 | 8256 | 2643 | 47| 0 | 54 | 60 | 5.1 | 966.6 | 1014.6
2003-A | P/144 | 2936 | 233 | 11951 | 1715 | 11| 3 | 80 | 30 | 2.8 | 2936 | 307.0
2003-A | P/145 | 2864 | 233 | 000 | 1715 | 7 | 4 | 75 | 40 | 40 | 2864 | 312.8
2003-A | P/138 | 1718 | 233 | 7231 | 1715 | 23| 4 | 67 | 33 | 36 | 186.2 | 201.9
2003-A | P/124 | 4582 | 233 | 198.03 | 17.15 | 30 | -3 | 48 | 42 | 3.1 | 4582 | 483.0
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ANNEX 7 : ANN model Results of hypothetical cases studied the effect of

input variables on chloride concentration

Normal condition

Increasing condition

Decreasing condition

Clo R Q@ Gr Lt Th CEk Clo R QG Gr Lt Th |CE Clo R O @ 1 Th Ck
300 106 22 22 &5 346 330 0 164 29 36 40| 363 00 47 16§ 91] 317
3[O8 105 22 22 65 342 330 8 164 29 36 40| 349 I 8 47 16 &5 91 316
30 16 105 22 22 65 337 330 16 164 29 36 40| 354 I 16 47 16 5 91 313
3[04 105 22 22 65 332 330 24 164 29 36 40| 349 30 024 47 16 85 91 309
30 32 105 22 22 65 327 330 32 164 29 36 40| 3 30 32 47 16 85 91 305
3[40 105 22 22 65 321 330 40 164 29 36 40| 338 30 40 47 16 5 91 299
30 48 105 22 22 65 315 330 48 164 29 36 40 333 30 48 47 16 5 91 293
3[0056 105 22 22 65 309 330 56 164 20 36 40| 327 30 56 47 16 5 91| 287
30 64 105 22 22 65 303 330 64 164 20 36 40| 3z 30 64 47 16 5 91| 281
[0 72 105 22 22 65 297 30 72 164 29 36 40 316 372 47 16 8 91| 275
330_80 105 22 22 E5 291 330 g0 164 23 36 40] 310 330 g0 47 16 B 91| 269
[0 18 0 22 22 6 336 330 0 0 29 36 40 351 [0 43 0 165 91 299
3[0O18 25 22 22 B5 335 330 0 25 29 36 40| 351 T[0O43 25 165 5 91| 298
330 18 50 22 22 65 335 33 0 50 29 36 40| 353 30 43 50 168 8 91| 297
[ O18 75 22 22 B5 335 330 0 75 29 36 40| 354 T[0o43 75 16 5 91| 29
330 18 100 22 22 65 336 330 0 100 22 36 40| 357 30 43 100 16 B 91| 296
3[0O18 125 22 22 65 337 330 0 125 29 36 40| 359 T[0O43 125 165 5 91| 29
330 18 150 22 22 65 338 330 0 150 29 36 40| 362 30 43 150 16 B 91| 296
3[0O18 175 22 22 65 339 330 0 175 29 36 40 364 T[0O43 175 16 5 91| 29
3018 200 22 22 B 341 30 0 200 29 36 40 367 [0 43 200 16 5 91 297
3[0O18 225 22 22 65 342 3 0 225 29 36 40 370 30 43 225 16 B 91| 297
33018 250 22 22 65 344 330 0 250 29 36 40| 373 330 43 250 16 8 91| 297
330 18 105 12 22 65 313 33 0 164 12 36 40| 323 0 43 47 12 B 91] 288
330 18 105 14 22 B5 321 330 0 164 14 36 40| 334 [0 43 47 14 5 91 293
330 18 105 17 22 65 327 33 0 164 17 36 40| 343 I 43 47 17 8 91 299
330 18 105 19 22 B5 331 330 0 164 19 36 40 350 [ 43 4 19 5 91/ 303
330 18 105 21 22 65 335 33 0 164 21 36 40 355 I 43 47 21 8 91| 308
330 18 105 24 22 65 338 330 0 164 24 36 40 359 I 43 & M 5 91314
330 18 105 26 22 65 341 33 0 164 26 36 40 361 W 43 47 26 5 91 319
3[0O18 105 28 22 65 343 330 0 164 28 36 40 363 T[0O43 47 28 &5 91| 325
330 18 105 30 22 65 346 330 0 164 30 36 40| 364 I 43 47 30 B 91 332
3[0O18 105 33 22 65 349 330 0 164 33 36 40| 364 T[0O43 47 33085 91 339
330 18 105 35 22 65 352 330 0 164 35 36 40] 365 I 43 47 35 B 91 37
330 18 105 22 0 65 32 330 0 164 28 0 40| 358 330 43 47 16 0 91| 292
[0 O18 105 22 6 BS 329 [0 164 29 6 40| 359 [0 43 47 1B 6 91| 296
3T[0OI8 105 2 12 65 332 3T[00O0 164 28 12 40| 360 330 43 47 15 12 91| 300
330 18 105 22 18 G5 335 330 0 164 29 18 40| 361 330 43 47 16 18 91| 303
30 18 105 22 24 65 337 300 164 20 24 40| 362 330 43 47 16 24 91| 306
30 18 05 22 30 65 339 300 164 29 30 40| 362 330 43 47 16 30 91| 300
30 18 105 22 36 65 341 300 164 29 36 40| 363 330 43 47 16 36 91| 312
33018 105 22 42 65 343 3000 164 29 42 40| 364 330 43 47 16 42 91| 315
330 18 105 22 48 G5 345 330 0 164 29 48 40| 365 330 43 47 16 48 91| 317
330 18 105 22 54 65 347 30 0 164 29 54 40| 366 330 43 47 16 54 91| 320
330 18 105 22 60 65 350 330 0 164 29 g0 40| 368 330 43 47 16 60 91| 323
330 18 106 22 22 30 336 330 0 164 25 36 30| 364 3W 43 47 16§ 30| 295
33018 105 22 22 39 337 30 0 164 28 36 39| 363 330 43 47 165 8 39| 29
3[0O18 105 22 22 48 337 300 164 29 36 48] 362 330 43 47 15 8 48| 297
3018 105 22 22 5T 337 [0 0 164 29 36 57| 361 330 43 47 165 8 57| 298
33018 105 22 22 66 336 3000 164 29 36 66| 359 330 43 47 165 B 66| 299
33018 105 22 22 75 335 30 0 164 289 36 75| 356 330 43 47 165 B 75| 299
30018 105 22 22 84 332 30 0 164 29 36 84] 352 330 43 47 165 5 84| 298
3018 105 22 22 93 329 300 164 29 36 93] 347 330 43 47 165 5 93| 297
330 18 105 22 22 102 324 330 0 164 29 36 102] 34 330 43 47 16 B 102| 294
3T[0O18 105 22 22 111 319 3700 164 28 36 111] 334 330 43 47 16 5 11| 2
3018 105 22 22 120 312 300 164 29 36 120] 326 330 43 47 16 B 120] 287
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ANNEX 8 : ANN model scenarios results

Oct. Scenario 1 Scenario2 Scenario 3
Ag No 2007 After
8 Predicted 2010 | 2020 | 2030 | 2010 | 2020 one ;feear 2010 | 2020
D/67 101 92 212 331 50 50 50 50 50
A/180 187 187 235 284 89 50 50 50 50
D/73 127 93 167 241 50 50 50 50 50
D/72 149 154 404 654 50 50 50 50 50
A/185 181 211 411 612 50 50 50 50 50
D/71 159 193 525 857 50 50 50 50 50
D/74 224 286 674 1062 78 50 50 50 50
D/70 175 207 493 778 50 50 50 50 50
D/69 168 217 534 851 50 50 50 50 50
E/6 146 152 251 350 92 50 50 50 50
D/68 186 279 706 1134 67 50 50 50 50
E/4 124 107 151 196 50 50 50 50 50
E/154 2770 2898 3334 3770 | 2717 | 2549 2584 2217 935
C/128 258 296 446 596 226 143 136 50 50
E/157 250 321 731 1141 118 50 50 50 50
E/156 223 261 562 863 98 50 50 50 50
E/90 267 327 680 1032 153 50 50 50 50
C/76 690 759 925 1090 774 986 541 203 50
R/162LA 2049 2133 2564 2995 1940 | 1727 1826 1469 220
R/162G 703 822 1282 1742 666 604 504 144 50
R/162HA 568 715 1225 1734 495 270 425 151 50
R/162H 504 615 988 1362 476 388 338 50 50
Q/68 245 258 399 541 50 50 84 50 50
R/112 2350 2385 2488 2590 | 2294 | 2093 2131 1686 126
R/25A 486 560 737 914 389 50 370 95 50
R/25B 519 608 872 1136 541 583 369 51 50
R/25D 720 829 1151 1473 654 391 590 307 50
R/25C 1007 1063 1231 1399 1001 961 860 553 50
R/254 410 473 721 969 348 182 224 50 50
R/74 782 789 813 838 675 319 676 465 50
R/75 844 879 918 956 773 458 761 548 50
S/69 506 558 697 836 565 726 404 179 50
J/146 687 760 950 1139 727 809 598 389 50
L/159A 567 586 699 811 564 604 422 163 50
L/159 590 647 844 1041 578 543 407 50 50
L/87 908 1008 1380 1752 911 959 689 273 50
L/127 683 788 1152 1516 688 720 487 103 50
L/43 791 865 1125 1386 849 1057 630 318 50
L/176 570 706 1162 1617 608 733 439 179 50
L/41 1038 1129 1449 1769 1098 | 1313 860 515 50
P/139 249 268 406 545 268 409 102 50 50
P/145 440 477 681 884 373 228 295 54 50
P/138 486 529 738 947 344 50 298 50 50
P/124 524 565 785 1006 340 50 324 50 50
P/15 776 870 1182 1495 643 199 594 229 50
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