Deanship of Graduate Studies

Al-Quds University

Groundwater Assessment and Protection Zone Plan in
Al- Fawwar Wells Field

Amjad Yaser Al- Darabi

M.Sc. Thesis

Jerusalem-Palestine

2015/1436



Groundwater Assessment and Protection Zone Plan in
Al- Fawwar Wells Field

By

Amjad Yaser Al- Darabi

B.Sc. of IT-Technical Palestine Collages - Pal@stin

Supervisor

Dr. Jawad A. H. Shoqgeir

A Thesis Submitted in Partial Fulfillment of Reqnments
for the Degree of Master in Environmental Studies,
Faculty of Graduated Studies, Al-Quds University.

Jerusalem-Palestine

2015/1436



Al-Quds University

Deanship of Graduate Studies

Department of Earth& Environmental Sciences
Environmental Studies

Thesis Approval

Groundwater Assessment and Protection Zone Plan in
Al- Fawwar Wells Field

Prepared by: Amjad Yaser Al- Darabi
Registration no.: 20811704

Supervisor: Dr. Jawad A. H. Shoqeir

Master thesis submitted and accepted, 11 of May5dbik names and
signatures of examiners committee members ardlaw/iiog:

Head of committee: Dr. Jawad Shoqeir Signature: ..., ¥}«

External Examiner: Dr. Marwan Ghanem Signature: ...........&

Internal Examiner: Dr. Amer Kanan Signature: (...

Jerusalem- Palestine

2015/ 1436









Declaration

| declare that, this thesis submitted for the degrkenvironmental sciences master
the result of my own research, except where otlsenacknowledged, and that this
thesis (or any part of the same) has not be sudxhitir a higher degree to any other

university or institution.

Signature: ................
Date:



Acknowledgment

| would like to thank GOD, who gave me the powed gatience to finish this work.

| would like to express my great appreciation amahks to my supervisor Dr. Jawad
A. H. Shogeir for his fruitful work and invaluabdgiidance during this work.

My thanks go also to Dr. Amer Mari, Mr. Hussam Wtéilr. Mohmoud Sabbeh and
Mr. Mahmoud Abu-garfha for their great help in gbeggical investigation.

| would like to thank the staff of the Center foh&@nical and Biological Analysis
specially Dr. Jihad Abbadi and Mr. Samah Nusaildleir great help.

| would like to thank Dr. Muath Abu Saada, Sharefubden and Eng. Muntaser Al-
Jabari for their help in this work.

| would like to thank staff of Ministry of Agriculire in Dura department and staff of
Ministry of Health in Dura department for their peh providing data.

| would like to thank Mr. Adeeb Awwadeh in Dura metological station (Majed
Abu Sharar School).

Great regards and thanks go to all faculty membetbe department of Earth and
Environmental Sciences.

My most sincere thanks to my family, friends andete@eryone who contributed to

progress this work, and provided help and encounagée



Abstract

Al Fawwar wells 1 & 2 are major source of drinkimgiter for number of communities
like Al- Fawwar camp, Hadeb Al- Fawwar, Al- Higrown and the southern part of
Hebron city. The increase in population led to @ased water demand and also there is
ability to increase the pollution level§he aim of this study is the delineation of
Wellhead Protection Areas (WHPA) for Al- Fawwar igell & 2 in Hebron
Governorate due to lack of studies in the West Bidwakt covers the protection of
public drinking water wells from potential sourcek pollution by considering the
groundwater protection regulation developed by ®amn Water Authority. It also
investigates the potential sources of pollutantt thffect the groundwater in the
catchment area that extend from Dura at west toFalvwar refugee camp at east,
Hebron city at north and Khursa and Tarama villagesouth.

The lithology of Al- Fawwar wells 1 & 2 was detemed by carrying out a geo-
electrical investigation by using Vertical ElecaicSurrounding (VES). Three main
geological formations in the study area were catelly Hebron formation,
Bethlehem formation and Jerusalem formation whichscst of dolomite, marl and

limestone.

The water budget of Al Fawwar wells 1 & 2 catchmemas calculated, the area of the
wells catchment was about 16 kithe volume of: precipitation was 7.93 MCM, water
import was 0.438 MCM, evapotranspiration was 5.7CM] surface runoff 0.91
MCM, groundwater recharge was 1.84 MCM spring potidtn was 0.354 MCM and
a wells abstraction was 0.691 MCM. The evapotraatipn was about 72% of
precipitation, the surface runoff was about 11.59@ the groundwater recharge was
about 23%. The water loss from precipitation wdsutated to be 83.5%.

The potential sources of contamination in the caemt determined to include;
agricultural lands (use fertilizers and pesticidésgk of sewage network (instead of
it, use cesspits to dispose wastewater); for tlesgroundwater quality of Al- Fawwar
wells 1 & 2 was evaluated for domestic purposese Tasults show that the
concentration of nitrate of Al- Fawwar wells 1 & W®as (101 and 104 mg/L)

respectively, that exceed the acceptable limitsitohte in drinking water according to



WHO and PWA standards for drinking watdre results of Fecal coliform (FC) and
Total coliform (TC) tests were (zero cfu/ 100 méftér chlorination of water) that

accepted wittWHO and PWA standards for drinking water.

The boundaries of Wellhead Protection Area (WHPA)AE Fawwar wells were
identified using two methods: Calculated Fixed RadiCFR) and Wellhead Analytic
Element Model (WhAEM2000). According to the resuifsusing CFR method for
Al- Fawwar well no. 1, the radius of 50 days zosé1.19 m, for 2 year is 195.6 m
and for 5 year is about 309.29 m. For Al- Fawwall we. 2, the radius of 50 days
zone was 38.2 m, for 2 year was 145.8 m and fore&r yas about 230.5 m.
According to the results of using WhAEM2000 metliodAl- Fawwar well no.1, the
travel time parameter § of 50 days is 0.49, (0.1< < 1), the radius (R) and the
eccentricity () is 16.31 m, 5.10 m respectively. For 2 yeay ig 7.18, ( > 1), the
boat shaped radiuseg, ILs and Ynax are 149.25 m, 15.77 m, 49.5 m respectively. For
5 year ()is 17.94, > 1, the boat shaped radiusgs Ls and Ynax are 330.53 m,
15.77 m, 49.5 m respectively. For Al- Fawwar well 2, the travel time parameter
( ) of 50 days was 0.93, (0.1<< 1), the radius (R) and the eccentricity Wwas
12.89 m, 5.2 m respectively. For 2 yeal (vas 13.55, ( > 1), the boat shaped
radiuses Lu, Ls and Ymax were 139.7 m, 8.55 m,2fMm8espectively. For 5 year)
was 33.87, > 1, the boat shaped radiuses Lu, Ls and Ymax @20e4 m, 8.55 m,
26.85 m respectively.

There were violations in the well filed that muséyented after delineation of WHPA
of Al- Fawwar wells 1 & 2 like grazing and presermdecesspit in Zone 1. Also there
were violations in the boundary of Zone 2 like gsof fertilizers and pesticides. By
this study, it's recommended to delineate WHPASs gablic drinking water wells
mainly by using the WhAEM2000 method.
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1 Chapter One: Introduction

1.1 Water Situation in Palestine

Water is the most important natural resource onpbaimet and perhaps the scarcest
commodity of the 21st Century. The groundwatehérnhost important component of

the freshwater resources of the world, mainly i d@nid and semiarid regions, where
the groundwater represents the main water resourcthese regions; adequate

groundwater management is a prerequisite for tetasable use of the scarce water
resources (Schelkes, et al., 2004, Tarazi, 2009).

The Mediterranean Region is suffering from sigmifit water shortage and the
demand on clean water is increasing. As a reqwdtsearch for new resources along
with protecting used ones becomes a very pronoupigedty for the researchers and
the decision makers in the region (Saleh, 2011% lBnge variations in rainfall and
limited surface resources have led to widespreactiyg of the fresh water resources,
resulting in a heavy reliance on groundwater asntiagor source for various uses
(Murad, 2004).

In Palestine, the main resources of fresh wateth@elordan River, the groundwater
underlying the West Bank (WB) and the coastal gneainly utilized through wells
and springs). But, only 10% of the ground wateroueses are allocated to
Palestinians because of the control of the Isaupation that drain water resources,
dispossess and exploit Palestinians of their waggits (Carmon et al. 1997, Saleh,
2011). So, this water shortages and also acuter wataity problems continue to
negatively affect the lives and livelihoods of maills of Palestinians in the WB
(PWA, 2012). So protection of existed water resesifitom possible contamination is
a central imperative of sustainable developmemrofindwater resources in Palestine
(Carmon et al, 1997).



1.1.1 Groundwater Recourses Protection

Water is essential to sustain life, and one of thest important factors for
development in any country including Palestinehis availability of adequate and
safe water supply to be used for all purposes.ngwaving access to safe drinking
water has tangible benefits of health and everyreshould be made to achieve a safe
drinking water quality (Ikhlil, 2009).

South Palestine is considered as semiarid areashvdhiaracterized by low rainfall,
high temperature and high evapotranspiration. Basans of water shortage are due
to; the scarcity of natural available water researand rapid increasing demand on
these resources as a result of the rapid populatiowth. Add to this, the lack of
proper management and the inefficient usage oktlheser resources in some cases
(Ikhlil, 2009). In addition, the Israeli occupation and their wapslicies that is
against the water rights of Palestinian populatierael controls on water resources,
so the Palestinian access to water is controlledl. iy addition, the available amount
of water to Palestinians is limited and it does anbugh their needs. Palestinian
consumption of water in the West Bank (WB) is ab@Qtliters a day per person,
which is below the 100 liters per capita that isly\deecommended by the World
Health Organization (WHO), whereas Israeli daily papita consumption, about 300
liters, which is about four times as much. In someal communities Palestinians
consumption of water is less than 70 liters, in saases it may reach 20 liters per
day, the minimum amount recommended by the WHO éimergency situations
response. Israel uses more than 80% of the water thhe Mountain Aquifer, the only
source of underground water in Occupied Palesttss all of the available surface
water from the Jordan River is prevented to use Ralestinians (Amnesty
International, 2009).

Also, the quality of groundwater is vital; becadsgman activates can change the
natural composition of groundwater causing undblrachanges in its quality
(Tarazi, 2009). Although that ground water is pctdd by layers of rocks and soill
that act as filters, but it is vulnerable to conitaamtion. Groundwater quality could be
influenced by many factors including climate, toggahy, aquifer lithology, surface

water recharge and human activities (Wu et al.,1201



The protection of groundwater is aim to protect ri@ained amount of groundwater
in the aquifer from pollution through prevent smheg of pollutants from any

possible pollution sources. There is different g/pef contaminants can enter
groundwater, like solid waste landfills, chemicpllls, leaking underground storage
tanks, food industry like olive mill wastewater aimdproperly managed hazardous
waste sites. Groundwater pollution also may refsoih the agricultural activities that

depend on use of fertilizers and pesticides, digodisposal of human, animal, and
agricultural waste (U.S. EPA, 1987).

In Palestine, there is a shortage of high qualigtew which is considered a main
problem; this resulted from overdraft of water atiee salinity of water. The

groundwater as well is in danger of being beconingtaminated as a result of
spelling of liquids that result from solid wastaslahe direct disposing of untreated

wastewater which may enters to the aquifer (PWA520

The protection of groundwater quality is a highopty because of many reasons
Geological survey of Irland, 1999, EI- Fahem, 2012)

o Groundwater is an important source of water fonldng water, and for
industrial, agricultural and other activities; biltese human activities can
increasing the risks to the groundwater quality;

o Protecting public health;

o If the pollution source of water eliminated, thdre tpolluted groundwater
cannot be treated easily because the slow moveohevdter in the ground so
the impact of human activities lasts for a longgjm

0 Reducing the cost of water treatment and ensurioggterm supply of clean
water;

o The national regulations require that pollution mine prevented (as part of

sustainable groundwater quality management).

So, to maintain safe groundwater resources in Badeshis needs to prevent the
pollution. Many methods are used in local and negiiccales to protect the valuable
groundwater recourses. One method of groundwateeqtion is depend on minimize

of the possible groundwater contamination througbtget the recharge zone by



assessing potential threats to groundwater in aneas the well as a Wellhead
Protection Area (WHPA) (Virginia commit, 1998, Maghand Tarazi, 2010).

1.1.2 Water Contamination Sources

The good and safe quality of groundwater that usmddrinking purposes is
considered the base of good human health because essential for life, but if this
water polluted with undesirable substances it be&sdangerous on humans health.
There are different possible threats to groundwttat can cause deterioration of
water quality (Schmoll et al., 2006). Pollutantsneofrom different activities on the
land and it can seep into the ground to move tovaawekll. Also, there are different
activities that have negative effects on groundwatainly when it not managed
properly. These activities include: commercial \atiss, industrial activities, urban

activities and agricultural activities, (Subah &ndrgane, 2010, El-Fahem, 2012).

In Palestine, the PWA established initial classificn of activities based on the most
common and relevant activities in a Palestiniantexnas shown ifable (1.1) The
table lists activity categories, typical activitiasthin each category, and the most

common pollutants associated with these activ(ildA, 2005, Tarazi, 2009).



Table (1.1):Activities and pollutants (PWA, 2005, Tarazi, 2009)

Activity categories Activities Pollutants
Treatment Plant Heavy metals, high
Sewerage sludge landfill organic,

Water and Wastewater nutrients (P, K, N*), Faecadl

Septic tank effluent bacteria,

Treated wastewater infiltration basins.
viruses, protozoa

>

Sulphate, chloride,

Municipal landfill ammonia, TOC*,
Solid waste disposal | Industrial landfill TDS*, Biological
Open dumps contaminants, fatty
acids, lactates
Waste Treatment Storage of hazardous waste
. . Hazardous substance
Disposal Waste handling

Hazardous materials,
Petrlouem,
hydrocarbons, benzene,
ethylbenzene

Storage of hazardous materials
Storage and Transport| Fuel storage
Oil and grease discharge

Pesticides, herbicides,
nitrate, TDS,
Agricultural productions Cropping practices heavy metals, High
nitrogen,

phosphorus loads and
biological contaminants.

Fly ash ponds and landfills Sulphate, heavy metals,

Waste briquettes, tars TDS, petroleum
hydrocarbons, PAH

Electricity generation

Manufacturing Food processing Nutrients _lFlgtSrlents, nitrogen, K, P,

* P: Phosphorus, K: Potassium, N: Nitrogen, TOCtaldrganic Carbon, TDS: Total
Dissolved Solids.

For effective groundwater protection managemers, iteeded to determine the types
of pollutants then locate and map their sourcesrbethe delineation of WHPA for

the target well.



1.2 Wellhead Protection Area (WHPA)

Groundwater protection and pollution prevention baneffective when the planners
of land use and the managers of water resourcegrasadwater wellhead protection

schemes (Geological survey of Irland, 1999).

Wellhead protection aims to protect groundwaterciwhis a source of public water
supply from the threat of contamination from nearbgsidential, industrial,
commercial, agricultural, waste management, orspartation activities (Virginia
commit, 1998). This protection occurs by implemehtestrictions on land uses and

human activities within the boundary of the Wellkieaea (Margane, 2003).

1.2.1 Wellhead Protection Area (WHPA) Definition

The US Environmental Protection Agency (U.S. EPA87) defined a Wellhead
Protection Area as “the surface or subsurface awesunding water well or well
field supplying a public water system, through whimontaminants are reasonably
likely to move toward and reach such well or wadld”. Protection zone is the land
area which determined to provide recharge to aipubinking water supply well,
designated on maps to determine the allowable (&l and activities. Protection
zones may comprise all or a portion of a Wellheemtdetion Area (WHPA) (Tarazi,

2009). Wellhead protection is a process as shovagure (1.1).

e Identifying the areas public}
Identify water supply wells

X

e Assessing the potential riskﬂ

Assess around these wells
\/ « Implementing measures to
Implement manage these risks

<

Figure (1.1} Process of Wellhead Protection Area (WHPA) (Vieegi commit,
1998).



1.2.2 Delineation ofNHPA

One of the most important elements in groundwatetegtion is the delineation of
WHPA. Where the delineation of the WHPA considesisdh process to determine the
boundaries of geographical area that should bedec within a wellhead protection
program, then we can manage this area of land tomize the potential of
groundwater contamination by human activities thatur on the land surface or in
the subsurface (Frind et al., 2002). Also, therdgstion of groundwater protection
area provides guidelines for the planning and bomp authorities to help them in
carry out their functions, and determine a framéwtorassist the location, nature and
control of activities within the boundary of protien zone so protect groundwater
sources and maintain the beneficial use of grouteiw&eological survey of Irland,
1999).

The delineation of WHPA needs determining of a grotiinputs that include: time of
travel (TOT) which is the time required for a contaant to travel through the
saturated zone from a specific point to reach tak. vilow boundaries, daily volume,
groundwater flow field and aquifer transmissiviggological survey of Irland, 1999,
Tarazi, 2009).

1.2.3 WHPA Plan

The benefit of protection area can be occurred dinltyere is ability to restrict

polluting activities within it. This is required @ation of legislation that regulates
land use planning or pollution control of the caynhe determinations of the zones
need specific requirements, which are met by emgctelevant restrictions or

introducing permitting systems (Schmoll et al., @00

Developing WHPA plan occurred through the followstgges (Mogheir and Tarazi,
2010):
o 1st stage: defines the area to be protected andagednfor wellhead
protection. This is the subsurface area surroundingell that supplies a
public water system, through which contaminantslizaedy to move through

and reach the well. The boundaries are scientijicalculated.



o 2" stage: creates a contaminant source inventory théthpurpose to identify
potential sources of contamination which may imghetpublic water supply
well.

o 3stage: is zoning and land use management.
1.2.3.1 Zoning System

Protection zones are particularly effective to conpollution from diffuse sources
(e.g. agriculture) (Schmoll et al., 2006). In whitle dimensioning of the protection
zones has to be done very carefully in order tara competing interests: as large as
necessary for safeguarding the water supply, adl smsapossible for avoiding
inadequate restrictions (Subah and Margane, 201GaBem, 2012).

According to Jordanian guideline (2006) for drinkiwater protection the zoning
system of water wells divided into (JMWI, 2006, Shket al., 2008):

o Zone 1 (Immediate Protection Zone): protects th&aekon point and its
immediate environment from any contamination arnerference.

0 Zone 2 (Inner Protection Zone): protection agapahogenic microbiological
constituents such as bacteria, viruses, parasitksvarm eggs.

o Zone 3 (Outer (Wider) Protection Zone): protectistom contamination
affecting water over long distances such as comtation by chemicals which

are non- or hardly degradable and which can trawvej distances.

The description of the dimension and the allowet/idgies of zone 1, zone 2 and zone

3 of water well arsummarized imable (1.2)



Table (1.2):Zoning system (JMWI, 2006, Borgstedt and Subah62680bah et al., 2008).

Description Zone 1 Zone 2 Zone 3
Comprises an area of |IStarts at the outer bordeProtection of the
dunum around each wellof Zone 1 and ends at|#ntire  groundwatef
25 m upstream of theVirtual line from wherg catchment area qf

_'the groundwater flow the abstraction point.
well, 15 m on both sides . o
will take 50-days until it

Area of the well and 10 M reaches the well. This

downstream of the well. | distance  should naot

exceed 2 km upstream

and 50 to 150 m

downstream  of the

extraction point.
Activities needed for the Connection to a locglAll  development,
water abstraction. All sewerage system Oragricultural,

Allowed installations required for installation of a properly industrial, and social

activities the operation of the we]lmanaged cesspit. activities are

has to be constructe

downstream of the well.

dOrganic agriculture.

allowed under the
condition that they
comply with the
laws.

1.2.3. Prevented Activities Based on WHPZ

There are restrictions on the activities in eachezof the wellhead protection area,

Figure (1.2) and Figure (1.3) shows the prevented activities in Zone 1 and Zdne

respectively.

In Zone 1, it is prevented, for any person to egcéke fence that bounded the area

around the well, also it is prevented to graze atsnmand dispose of any wastes
(Subah and Margane, 2010).



Groundwater Protection Zonel

o protect water resources from pollution

Don’t dispose wastes in this Den’t graze animals in this Don’t exceed this fence)
e area

—

Figure (1.2): Prevented activities in Zone 1 (Subah & Margand,020

In Zone 2, it is prevented, to use pesticides amtilizer, also to dispose or spill any
derivatives of petrol and oils and to dispose of wastes. In addition, the septic tank
in the boundary of Zone 2 must be disposed fredyémtprevent the leakage of the

wastewater from it (EI- Fahem, 2012).

Groundwater Protection Zone 2

o protect water resources from pollution

Don’t dispose wastes in this Don’t dispose of derivatives Don’t use of pesticides
area of petrol and oil and fertilizers

Figure (1.3): Prevented activities in Zone 2 (El- Fahem, 2012).



1.2.4 WHPA in Palestine

According to Palestinian water law, 2014 the watane defined as “a specified area
surrounding a water resource or a water facilityead at their protection from any

external activity or impact or any kind of pollutib The Palestinian water law

(Article 52) said that if the quality or quantity water under risk of contamination or
depletion, the Palestinian water authority (PWA)rcinate with other relevant

parties can consider the area that contain wat®uree as a protected zone in
accordance with a regulation issued by the Calmhédlinisters in this regard. So,

PWA in cooperation and coordination with relevantharities is the responsible

parties on water resources protection through #lmehtion of protection zones to
prevent pollution (Palestinian water law, 2014).

The principle of WHPA delineation depends on retitths placed on the use of land
through which are able to control the areas of hegltls, working toward the goal of
controlling contamination of water which may leadplace restrictions heavily on

projects which produce dangerous materials in thasas and this ensures no
contamination of the area surrounding the projébe identification of areas of the

wellheads reduces the use of cesspits in areaardaiot serviced by a public sewage
network which reduces the contamination of the virellareas densely populated
(PWA, 2005).

The PWA defines (within the scope of regulationsgdollution protection control for
groundwater) the following three zones) (PWA, 2005)

0 Zone | (Inner source protection) constitutes theicent prevention zone, is
located immediately adjacent to the groundwatercsoult is designed to
protect against the human activity which might hamemmediate effect upon

the source.

o Zone Il (Outer Source Protection) is the attenunatzone; it is larger than
Zone |. This zone is established to protect a fweth contact with pathogenic
microorganisms (e.g. bacteria and viruses), wharh @manate from a source

(e.g. septic system, latrines, sewers, animalg ktcated or held (animals)



close to the well, as well as to provide emergeresponse time to begin

active cleanup and/or implementation of contingepleys.

Zone lll (Source catchment) is defined as the reatembne that covers the
complete catchment area of groundwater source gélundwater within it
will eventually discharge to the source. It is defi, as an area needed to
support an abstraction from long-term annual grexatdr recharge (effective

rainfall).



1.3 Literature Review

There are many countries come a long way in pnoigclvater sources and the
development of protection plans to protect waterses and implement many of the
studies and the implementation of several projextshe protection of water sources,
but developing countries, and Palestine one of teginweek in this field because
they suffer from lack of financial capabilitiesjesatific and technical expertise in this
area and the absence of binding legislation byd#wsion maker to implement these
measures. In this part of thesis, there were diffestudies that related to the subject

of the thesis are summarized as following:

Teutsch & Hofmann, 1990: The aim of this study waslelineate of the protection
zone Il using large scale hydraulic test, then camajit with the measurements which
obtained from a forced gradient tracer test thaecaone Il. The results was show
that transport predictions result from the hydmadiata far from reality; the migration
of point-source pollution look unpredictable atdbcscale (zone II). The model
calculations based on parameters obtained frondatdmpumping test interpretation
and sieve analysis produce very similar resultse Tilgh prediction error for the
injection-point shows the magnitude of uncertairggssibly involved in the
delineation of wellhead protection areas. So, shusly concluded that the zone Il area
estimates differ by more than 100%, depending entype of data used. Therefore,
for the calculation of protection zone areas a eoraive approach with a large

safety margin is recommended.

Matthess, 1990: The aim of this study was to evaltlee German system of drinking
water protection areas, and compare it with othetegtion systems for other
countries. The results was show that the well h@adection zone area procedure
mustn't be applied on small or limited areas beeathat shows only general
assessments to minimize the errors of a prognastatment of the behavior of
chemicals in the environment. It should comparelitkavior of known substances
with different environmental conditions. For thisirpose, the available simple
techniques can be used for important parametersrumatural conditions. Then, the

obtained data can be used for an extended mogebtiuce better assessments.



Foster & Skinner, 1995: The aim of this study waselview the underlying principles
and describes the approach which is being adopte®ritain for groundwater
protection. The results show that the protectiogrofundwater depends on use both
of vulnerability map and source protection aredse delineation of protection zones
used to restrict different types of polluting aty this occurred by increase
awareness of risk, through make risk management &8skl minimization
programmes; make plans for land-use managemen; fegiulatory agencies and
water users prioritize their deployment of humanl &nancial resources; promote

public understanding of the problem of groundwatetection.

Bates & Evans, 1996: The aim of this study was valwates several different
delineation methods that are used for Wellheadeletioin programs, as determined by
the Safe Drinking Water Act Amendments of 1986 md USA , these method are 3
groundwater flow models: an analytical (GPTRAC)msanalytical (CAPZONE) and
finite difference (MODFLOW) model .The result wasosv that the choosing of the
appropriate model to be used in Wellhead protectia from the previous models
depend mainly on three critical variables which: @guifer transmissivity, porosity,

and anisotropy

Carmon et al, 1997: The aim of this study was tal@te the effects of urban
development on the quantity and quality of rainwatkich infiltrates into the soil on
its way to recharge the aquifer. The results wasvsthat it is feasible to reduce the
negative effects of urban development on the gtyaatid quality of groundwater in
aquifers underlying the area, And agriculture hasadverse effect on groundwater,
and conversion from agriculture to urban, a commoaurrence in Israel's coastal
plain provide an opportunity to improve matters fmoundwater: increase recharge
and reduce pollution and water-sensitive urbanrptanhas the potential to be viable
technically, economically and socially, and conitéto sustainable development.

Moinante & Ferreira, 2005: The aim of this studyswa define the WHPA around -
wells located in Montemor-o-Novo region by use @liéint methods. Calculated Fixed
Radius method, Wyssling method and Krijgsman antboterreira Method and

mathematical model ASMWIN was also applied. Thelltesas showe that analytical

methods are user friendly and easy to be appliedi,same of them, like Krijgsman



and Lobo-Ferreira method, can give solid solutiand also more precision in the
delineation of WHPA and Numerical models can als@ golutions in the case of
complex hydrogeologic systems but their use imghesavailability of large amount
of complex information and also more expertise,cvhnakes their application more

expensive.

Hammouri & El- Naga, 2008: The aim of this studyswa presents groundwater
vulnerability mapping for Jerash area, north Jorglamerated using EPIK and DRAS-
TIC models. These models have been implemented diyg uGIS to delineate
groundwater protection zones and to suggest a qirate plan to improve
groundwater quality of the major springs and wellbe result was showing the
vulnerability maps allow an initial assessment dfe trisk of groundwater
contamination in the area. The comparison of valbidity maps obtained from both
models indicates that there is a high degree oéeagent of the areas with high
vulnerability in DRASTIC and EPIK models in someeas. The obtained
vulnerability maps were compared with microbiol@diccontamination (fecal
coliform bacteria) and with nitrate levels. Thesea good correlation between the
areas with high microbiological and chemical patintevidences and the areas which
have shown high vulnerability from both EPIK and A&TIC methods.

Lee et al, 2008: The aim of this study was to ghaesbackground to the Groundwater
Protection Scheme datasets and outline some afdég to date in Irish. The result
was show that the ongoing vulnerability mappingl vabntinue to improve the
national groundwater vulnerability and groundwapeotection scheme datasets.
Apart from groundwater protection, the underpinniagers, in particular the subsoil
permeability map, have been proven to be necessanponents for other derived
maps, such as the recharge maps. All of these arapsssential to make appropriate
decisions in a spatial planning context, whichesdming increasing important with
the continuation of the Water Framework Directiveqess, and to model the impacts

of changing environmental parameters on futureuess.

Ahmed & Ali, 2009: The aim of this study was to aelsk the integrated role of
geochemical processes, agriculture and urbanizatiorvolution of groundwater

composition, and their impact on groundwater guaiit help in management and



protection of groundwater resources in Sohag afgahnis part of the Nile Valley,
Egypt using geochemical modeling techniques andrggdical information systems.
The results shows that groundwater properties arned spatially and its evolution in
the study area is generally controlled by the plestageochemical processes
represented by leaching, dissolution, and predipiiaof salts and minerals, ion
exchange, in addition to human activities represeiny agriculture and urbanization
as well as climatic and poor drainage conditionankement alternatives should be
followed in the study area to avoid degradatiorgafundwater quality and provide

sustainable development.

Al-Swiety, 2009: The aim of this study was to invgate the hydrogeological and
hydrochemical characteristics of the dug wells glddadi Abu Al-Qmrah in Dura
city. The results showed that dug wells in the gtaicka found to be discharging from
Hebron formation com from Upper Cenomanian-Turonkguifer which mainly
composed of limestone and dolomite. Evaporatioa vaties from 4mm/d in January
to 6.22 mm/d in July and 186.6 mm/month in the semend 121 mm/month in the
winter. The average of rainfall is 500mm, the ageraf surface runoff is 58.8 mm
(11.75% of the precipitation) and recharge is 154 (80.3% of the precipitation), the
annual volume of the precipitation in the studyaare 1.125 MCM. The average
concentration of EC is 1373 uS/cm, and TDS is @%@ which is 57.1 % from the
wells 100 mg/l; where the study concluded the increasomgTDS comes from
agricultural activities and mixing with sewage iquier. According to pseudo cross
section shows that the lithology of the wadi cotssisf several layers in different
depth with different thickness, the aquifer thickméowards the east in the wadi. This

explains why discharge of wells in the east is few.

Ikhlil, 2009: The aim of this study was to providelatabase of springs and dug wells
in Dura city, to identify the concentration of angand cations, to determine the
cause of the pollution that leads to increased eatnation of these ions, and
determine the adequate of water for domestic amidwdiyire use, and determine the
geological region as well as the location of spsiagd dug wells. The study showed
that only five wells were considered suitable fanking purposes according to WHO
from the forty eight springs and dug wells thateadsn this study, the rest forty three

springs and dug wells were unsuitable for drinkgposes, all the springs and dug



wells were suitable for irrigation purposes. Theuits show that most of samples
were contaminated with fecal and total coliformntoof the polluted springs and
dug wells which located in near houses where dicecttamination from seepage
takes place.

Tarazi, 2009: The aim of this study was presenang protecting the groundwater
from any pollutants caused by industrial instadiasi through the work of delineation
of Wellhead Protection Areas (WHPA) for municipalipply wells in Gaza

Governorate boundaries. The results showed th#ttalhdustrial installations located
in the WHPA should be carefully checked and ingzdgad by Environment Quality
Authority (EQA). Mitigation measures for pollutantaaused by these industrial
installations should be identified. In addition, £Qnust give licenses for the
establishment of any new industrial installatiomsdd on the delineation of WHPAS
using the previously mentioned methods. The studypared between three different
methods used to delineated WHPA: Calculated Fixadi®& Method (CFR),

Analytical Method (AM), and Wellhead Analytic ElemteModel (WhAEM2000), the

study showed WhAEM2000 method is the best methodause it uses a
hydrogeological computer model of groundwater flawd it provides a more accurate
delineation of the WHPA. It often produces a snralleea to manage than other
methods. And CFR method is the weakest method becdudoes not take into

account regional groundwater flow, causing a hylrayradient.



1.4 Objectives

The main objective of this study is to delineatel¥Wéad Protection Area (WHPA)

for Al Fawwar wells 1 and 2.
Sub objectives are:
1. Calculate the water budget of Al Fawwar wells cateht.

2. Map and determine of all types of potential sougsollutants that affect the

groundwater in the catchment.

3. Check the status of water sources in the study, #nearelevant legislations
and roles to assist public authorities to meet thi@tutory responsibilities for
the protection and conservation of groundwateruess; such as Palestinian
Water Authority, Palestinian Ministry of Health aihlestinian Ministry of

Agriculture and Dura Municipality.

1.5 Hypothesis

The lack of a local Palestinian law implementatimngroundwater sources protection

increase the contamination of groundwater sources.



1.6 Importance of the Study (Problem Statement)

Severe water shortages and acute water qualitygnsbcontinue to negatively affect
the lives and livelihoods of Palestinians (PWA, 201I'he present water supplies are
neither adequate to provide acceptable standartigiraj for the Palestinian people,
nor sufficient to facilitate economic developmehhis is a result of the limitation on
supply and restrictions on development of new watesources and supply
infrastructure (PWA, water demand management). mMprehensive and effective
legislative framework is essential for the smogperation of the water sector and for
it to meet its goal of providing an adequate watgply (Tarazi, 2009). Groundwater
protection measures have to be incorporated ingiated water management
activities as an important feature for sustainatdeelopment. Many countries have
developed and implemented policies for preventimg pollution of groundwater,
these commonly involve regulatory control of adies which generate or use
polluting materials, or control of the entry of pntial pollutants into underground
waters. However, protection zones are not appliedall countries (mainly the
developing countries including Palestine) desptgnition of their desirability, this
may be due to a number of factors, including thek laf sufficient detailed
information regarding the hydro-geological or exigt land uses that impede

enforcement of such a concept (Schmoll et al., 2006

This thesis studies the delineation of wellheadqmtion areas for Al- Fawwar wells
1 & 2 in Hebron Governorate (as a case study) Isec#uere is few studies in the
West Bank that covers the protection of public king water wells from potential
sources of pollutions by considering the groundwatetection regulation developed
by Palestinian Water Authority (PWA). This studycfises on WHPA which is an
important part of PWA regulations (environmentaukations) and it will help PWA

and EQA to grant license for environmental soumdl lase.

Al Fawwar wells are a major source of water, thesravuntil a few years ago the
source to provide the communities surrounding tieth fresh water, the increase in
population led to increased water demand and &scetis ability to increase the
pollution levels; because there are many sourcegatiuition in the region of

catchment area as wastewater, gas station, olivs, nagriculture (fertilizers,



pesticides), random drillingzigure (1.4) showsviolationsin the zero boundaries of
Al- Fawwar wells, like grazing of cattle’s and thead donkey which cause pollution
of groundwater. These violations are preventedeanbthe boundary of the water

well (Zone 1) according to Jordanian and Palestitaavs.

Figure (1.4): Violations in Al- Fawwar wells zero boundary, A:aging cattle’s, B: death

donkey



1.7 Study Area

1.7.1 Location

This study applied on Al Fawwar wells. Al Fawwaells 1 & 2 are located in Al Fawwar
refugee camp; is located within the Dura villageaary at an elevation of 760 m above sea
level. It is about 8 km south of Hebron city in teeuthern part of the West Bank. It is
bounded by Al Rihiya village to the east, Hebroty ¢o the north, Dura city and Hadab al
Fawwar village to the west and Yatta city to thathpsee Figure (1.5) (ARIJ, 2009).
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Figure (1.5): Study area, Al Fawwar refugee camp (Arij, 2009).

The study area include the catchment area thatAedeawwar wells which extended
from Dura at west to Al Fawwar refugee camp at,edsbron city at north and

Khursa & Tarama villages in south, with an areamproximately (16.25 KA), see
Figure (1.6).
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Figure (1.6): Study area- Al- Fawwar wells catchment area.

1.7.2 Population and Land Use

The number of population in the camp is about 8@X3BS, 2013) with about 1,092
housing units. The population density in the campery high; in 1997 it was 5,567
km? (ARIJ, 2009). The total area of Al Fawwar Refu@mp is approximately 870
dunums, around 500 dunums is built up area andtaB6Q dunums that are
considered to be arable, though only 139 dunumseeal agricultural land (ARIJ,
2009).

The number of population in the catchment areabisut 37,000 inhabitants and
includes about 7400 housing units (PCBS, 2013). drkea of agricultural land in the
study area about 4500 dunums area, and 6556 dumias area from 16206 dunums
total catchment area (ARIJ, 2009).



1.7.3 Climate and Rainfall

The climate in the study area is ranged from aridemi arid climate, characterized
by long, hot, dry summer and short, cool, rainyevgAwadallah & Owaiwi, 2005).
The average annual rainfall in the study area i® #8m according to Dura
meteorological station, see Figure 1.7 that repitssthe average annual rainfall in the
study area during the period from (2000- 2014). @kerage annual temperature is
about 16 °C and the average annual humidity is%0(Balestinian meteorological
department, 2014).
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Figure (1.7): Rainfall quantity in the study area from 2000- 2@Palestinian metrological
department, 2014).

1.7.4 Geology

Hebron is located on the crest of anticline strretextending from Berr Shava' area in the
south to Jerusalem area in the north forming thierétemountain series. The geology of the
Hebron district is composed of sedimentary carl®matks of Albian to Eocen age in
general (Arij, 1995). In the study area there dmed geological formations, Bethlehem
formation, Hebron formation (Upper Cenomanian) #atta formation (Lower Cenomanian)
(Sneh & Roth, 2012) seeigure (1.8) that represents the geological structure of theyst
area and the available water resources in it.
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Figure (1.8): Geological structure of the study area.

The stratigraphy of the study area ranges betweewet Cenomanian and Upper
Cenomanian. Yata and Hebron Formations which extegdthe age from Lower
Cenomanian to the end of Recent age Upper Cenomanid Bethlehem Formation Upper

Cenomanian. The characteristics of these geolofpoalations in the area are as follows:

1. Yatta Formation (Lower Cenomanian)

Yatta Formation is divided into two parts, the lowart of Yatta (YL), Beit Meir formations
in Israeli literature, and the upper part of Ygit&)), Moza formations in Israeli literature. It
overlies the Upper Beit Kahil formation and undeebirbn formation. The lower part of
Yatta is yellowish and brown, contains fine to medicrystalline dolomite and limestone,
with marly intercalation, marly at bottom. Its tkiess ranges from (40- 150 m), and the

upper part of Yatta (YU) stands out due to its haggntent of marl or clay and marly



limestone, usually highly enriched with fossilisedina sed-igure (1.9) Its thickness lies
between (10- 60 m) (SUSMAQ, 2001).
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Figure (1.9): Geological formations of Al- Fawwar catchment stagdea.

2. Hebron Formation (Upper Cenomanian)

Hebron Formation (Aminadav in Israeli literature) large distribution in mountains of
Hebron and Jerusalem. It consists of hard and mnesklomite or limestone and it follow
the upper cenomanian from upper cretacebigufe 1.9) It is highly karstic and it's a good
aquifer because of the high secondary porosityrgmatlted from the faults and the existence
of dolomite and because of the high relatively kh&ss, homogeneity of limestone and
dolomite composition. So, it is the most importaguifer within the West Bank, it is
considered as an excellent aquifer. The thicknéfisiformation ranges between (105- 260
m) (SUSMAQ, 2001, Qanam, 2003).



3. Bethlehem Formation (Upper Cenomanian)

The lower part of Bethlehem consists of limestomé dolomite, chalky limestone, with marl
and rich in faunal remains. The thickness is (20¥§0The upper part of Bethlehem is built
up of dolomite, massive, coarse crystalline andge$itane lenses well bedded. The thickness
is (25-100 m). The Israeli divide Bethlehem intaotwnits, the lower unit is referred to as
Kefar Sha’ul or as Avon on the east and in the Nam@d the upper part is called Weradim
formation (SUSMAQ, 2001).

The Hebron, Bethlehem, and Jerusalem Formations usteally considered from a

hydrogeological point of view, as a single systeihaquifers bounded below by the Yatta
Aquitard and the Cenomanian-Turonian Aquifer. Tdgsiifer represents the upper aquifer of
the Western Aquifer Basin under study. The Uppeuifsr is more important than the lower

one since 95% of groundwater extraction and spitog discharge from the western basin
passes through this aquifer (Sabbah, 2005).

1.7.5 Hydrogeology

The primary source of water in Palestine comes fignoundwater aquifers, geological
formations below the ground that contain water Wwhian then be extracted from wells and
springs. The two main aquifers in historical Patesare the Mountain and Coastal Aquifers.
The Mountain Aquifer system composed of three mapuifer basins, classified according
to flow direction into: the Western, Eastern andrtNeastern aquifer basins. The three
aquifer basins usage and extraction rates are rgegkén Table (1.3) The approximate
boundaries between the three basins are presamntédure (1.10) (PWA, 2012, Kouttab,
2013). Al- Fawwar wells and the catchment areéhefstudy are located within the Western
basin.

Table (1.3): Aquifer basins usage and extraction rates (mcin\yaSH MP, 2004).

Aquifer Palestinian | Israel Additional | Total Safe Yield
Basin Extraction | Extraction | Settler Use | Extraction

Western 20 340 10 372 362
Northeastern 42 103 5 145 150
Eastern 54 40 50 144 172
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(WaSH MP, 2004).

The Western Aquifer basin is considered the mogomant aquifer in the West Bank and
the largest of all groundwater basins in Histori€alestine (SUSMAQ, 2001, Kouttab,
2013). It covers an area of 9155 ¥mwhere the area located within the borders of\thest
Bank forms the main recharge area for this basitimated at about 1,596 Knthis area
provides the aquifer for more than 73% of the baswater (SUSMAQ, 2001). The recharge
area of the unconfined part of the Western aqisifside the West Bank is 1686 kif68% of

the total unconfined aquifer area). The area oats$ict Green Line (mainly discharge or



abstraction area except in the Jerusalem are&pi&mnf (32% of the unconfined aquifer area
(WaSH MP, 2004).

The Western Aquifer falls in the middle-to-late-@meeous Judea Group, it is divided into
two main sub-aquifers (upper and lower) separateda Hower permeability layer Yatta
formation, The upper and lower sub-aquifer rocks @ainly composed of a sequence of
hard, karstic and permeable limestone and dolomite a thickness of (600- 1000 m)
(Abusaada, 2011). Western Aquifer is the most fiuyjiflowing toward the Mediterranean
with a replenishment capacity of approximately 3@ZM/ yr, followed by the Eastern
Aquifer, with a capacity of 170 MCM/ yr (though ma50% of this is brackish) and finally,
the Northeastern Aquifer at 145 MCM/ yr, total aahrecharge of about 679 MCM from the
three aquifers (WaSH MP, 2004).

1.7.6 Soill

Hebron distributed to different climates in ternfisgemperature and the amount of rain where
there is a Mediterranean climate in the north aedtwf Hebron, and the dry climate in the

south and east; where the study area constituteethier of this region. There is a variable
geological formation and sedimentary rocks, anéemBhce topography: mountains, plains
and flat valleys, in addition to variation in lande and population distribution. These factors
combined have created the presence of many typgsilah Hebron in general and in study

area in particular (Awadallah and Owaiwi, 2005, LLRCO6).

Al- Fawwar catchment area includes two main sasbamtions: Terra Rossa and Rendzina
(seeFigure 1.11). Terra Rossa soil the parent materials from wigh soil is originally
initiated are mainly dolomite and hard limestonghwiumerous rock outcrops that could
reach to about 30% to 50% of the soil content. Glin@racteristic red to orange color of the
soil is the result of iron-bearing minerals oxidigior rusting within carbonate structures.
This type of soil is characteristic of the hilltapeas and high & medium gradient areas of
some mountain slopes and constitute model for aeBwil Mountains in the center of the
West Bank. These soil usually located in areas /laeMediterranean climate and rainfall
rate ranges from (400- 700 mm) and average tempesbetween (15- 20 °C). Soil depths
ranging from (0.5- 5 m) are found in the study afdas soil type has a pH range of (7.5 —
8.1) (LRC, 2006).



Rendzina soil Like terra rosa soil often brown dolind in shallow areas limestone or
calcareous rocks, parent materials are mostly mmad hard or soft chalk coated solid
Igneous crust. Rendzina has two distinct layetsipalayer, also known as brown rendzina,
and a bottom layer, known as pale rendzina. Thelagpr of rendzina, though rich in

carbonate, is relatively fertile and ranges fromitra to slightly alkaline. This soil usually

located in areas where a Mediterranean climaterainéall ranges from (300- 600 mm) and
average temperatures between (18 -20 °C). Soihdapinging from (0.5- 5 m) or (6 m) are
found in the study area. This soil type has a pijeaof (7.5- 8.0) (Awadallah and Owaiwi,

2005, LRC, 2006).

Al- Fawar Catchment Soil
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Figure (1.11): Soil types in the study area.



2 Chapter Two: Water Sector Legislations Framework in Palestine

2.1 Background

Palestine has one of the scarcest water availaljer capita supply) in the world.
The scarcity of water is due to both natural andh-made constraints; mainly
resulting from the Israeli occupation (ARIJ, 2018)oreover, the shortage of good
guality potable water mainly in villages that stikven’t piped water system and the
existing facilities suffer for most of them fromalkeages and interruptions in supply
deteriorating the water quality (PWA, 2006). Oviend water shortage in Palestine
will increase and becomes a greater problem asudt ref population growth, higher
standards of living, expected climate change, dmove all, Israeli practices and
restrictions imposed on both the water resourcesitarnsector's development (ARIJ,
2011).

Water sector aim is to provide adequate supply atiewto all the population. The
water sector in Palestine is currently going thfowg crucial period; the existing
situation is set in the context of unbalanced opypuoties (PWA, 2012). It also suffers
from fragmented institutional and legal framewowhich hinders developing the
sector and managing and maintaining water resouaoeks infrastructures (ARIJ,
2011). So, there is an essential need to reform amubiess legislation framework
(Figure 2.1) to improve the water sector role and managemewntater resources in
Palestine (Tarazi, 2009).

olicies

Water &
Environmental
Laws
/ Regulations \

Figure (2.1): Legislative framework (Mogheir & Tarazi, 2010).




Legislation is “a tool to incorporate water poligythin the national political-legal
framework and should aim to protect both individaald communal water right
issues”. Legislation of water sector must cover yrasgpects rather than water quality,
it also cover the sufficient quantity of suppliedter, the price of water and the access

assurance (Tarazi, 2009).

2.2 Legislation Framework Elements

The main elements of legislation frame work arefttiewing:
Water policies
Institutional roles

Water and Environmental laws

P w0 nd P

Regulatory framework

2.2.1 Palestinian Water Policies

The Palestinian develops water policy through aigrof principles that organize the
decisions and structure of water sector. The maitempolicy elements in Palestine
are (Nofal & Dudeen, 2007, Palestinian water [a@i4):

o All Water Resources in Palestine shall be consaigreblic property, and
PWA manages these resources to ensure the effycienstribution.

o Every person has the right to obtain his needsiakithg water with suitable
guality at specific prices determined accordingh Tariff Regulation.

o Water used for different purposes that include dimoge agriculture and
irrigation, industrial, tourism, trade and commerce

o The quantity of water specified for different sestand region determined by
PWA and other relevant parties according to theuahwater budget but the
provided water for domestic uses have the absplubeity over all other uses
in determining the allocation of available watesaerces.

0 Water indeed is an economic commodity; therefdre damage resulting from
the destruction of its usefulness (pollution) skido# paid by the party causing

the damage (pollution).



o0 The development of the water resources of the ®fakes territory must be
coordinated on the national level and carried outh@ appropriate local level.

o Water supply must be based on a sustainable develapfor all available
water resources.

o Public participation in water sector managementkhbe ensured.

o Water management at all levels should integratemaiality and quantity.

o Water supply and wastewater management should tegrated at all
administrative levels.

o Consistent water demand management must complerttent optimal
development of water supply.

o Protection and pollution control of water resoursksuld be ensured.

o Conservation and optimum use of water resourcesldhme promoted and
enhanced.

0 The Palestinian will pursue their interests in castion with obtaining the

rights of water resources shared by other countries

2.2.2 Institutional Roles

The roles and responsibilities of the differentitnsions must be clearly determined
within the legislation framework to avoid difficids in enforcement or overlapping
of responsibilities within the water sector actdePalestine is still suffering from the
overlaps in roles and responsibilities and mainithvpresence of Israel occupation
that scatter the roles and responsibilities (Kleewig& Barghouti, 2006, Tarazi, 2009).

2.2.2.1 Palestinian Water Sector Parties

The water sector in Palestine is regulated by tretewSector Regulatory Council
(WSRC), the Palestinian Water Authority (PWA) inoperation and coordination
with group of relative ministries, local and intational NGOS (PWA, 2006, Tarazi,
2009).



2.2.2.2 The Water Sector Regulatory Council (WSRC)

The Water Sector Regulatory Council establishedabyecision of the Cabinet of
Ministers. The Council enjoys a legal personalitpdais financially and
administratively independent. The objective of @auncil is to monitor all matters
related to the operation of water service providersluding production,
transportation, distribution, consumption and waster management, with the aim
of ensuring water and waste water service qualiy afficiency to consumers in
Palestine at affordable price. The responsibiliieslWC are (Palestinian water law,
2014):

o “Approval of water prices, costs of supply networ&ad other services
required for the delivery of water and waste watwvices, as well as review
and monitoring of these costs to ensure compliantethe policy adopted by
the Authority.

o The issuance of licenses to Regional Water Utlitesxd any operator that
establishes or manages the operation of a faédityhe supply, desalination,
or treatment of water or the collection and treatiref waste water, and the
levying of license fees, in accordance with thevjgions of this law and a
regulation issued by the Cabinet of Ministers.

o The Monitoring and inspection of compliance witte tterms, requirements
and indicators stipulated in licenses and permits.

o0 The development of performance incentives progrionsService Providers,
in accordance with a regulation issued by the Gabaf Ministers for this
purpose.

o The approval of internal bylaws, the financial administrative regulations
and organizational structure of the Council andr thebmission to the Cabinet

of Ministers duly issuance”.



2.2.2.3 PWA

The Palestinian Water Authority (PWA) was estaldsim 1995. It is responsible for
water resources management, development and mitaste planning in Palestine
and it is considered as the main regulatory andcypohaking body for the water
resources (PWA, 2006, Tarazi, 2009).

PWA is a public institution and enjoys a Legalgmerality; its budget is part of the
general budget of the State of Palestine. PWA mesipdities include (Palestinian
water law, 2014):

o0 Manage water resources in Palestine and apply iplascof integrated and
sustainable management of it

o Prepare general water policies, strategies andsplden ensure their
implementation in coordination with other relatives

0 Survey the available water resources and ensueetefé allocations of water
for different sectors according to the prioritiekatt ensure sustainable
management of water demand.

o Protection of water resources through the estahksit of protection zones to
prevent pollution, in coordination with relevantlaorities.

o License and development of water resources uiiti@ain cooperation and
coordination with the relevant authorities.

o Improve the management of water sector by develapofeplans and training
of the staff that work in the water sector.

o Coordinate and supervise scientific researcheseckla water and wastewater

to find creative and innovative solutions to exigtproblems in Palestine.



2.2.2.4 Ministries

There are several ministries which work in the watector with the PWA. These
ministries are presents in Table (1.1).

Table (2.1): Coordination between PWA and Palestinian ministimewater sector

# | Ministry name Roles in water sector

1 | Ministry of Planning & International | General planning, International (Dong

Cooperation coordination

2 | Ministry of Justice Water law
Water regulation

3 | Ministry of Finance Water pricing and tariff setf

Full cost recovery

4 | Ministry of Industry Sector planning

Hearing licensee

5 | Ministry of Health Water quality standards

6 | Ministry of Local Government Organization of ogtar level

Hearing licenses

7 | Ministry of Agriculture Sector planning
Hearing licenses

8 | Environment Quality Authority Environmental actiplanning

Risk assessments and monitoring

Hearing licenses

2.2.2.5Non Governmental Organizations (NGOS)

The main role of NGOS is providing financial ana@heological support to water
sector projects. These NGO'’s include Palestiniadrblpgy Group (PHG), Center on
Housing Rights and Eviction (COHRE) through thehtitp water program, Applied
Research Institute of Jerusalem (ARIJ) and mangrdttal and international NGOS
(Jayyousi & Srouji, 2009).



The NGOs contributed in the infrastructure develeptrprojects and applied water
research but the absence of formal coordinaticewtod duplication or improvement
of funds’ usage caused complications in developivegwater supply sector and in
managing and maintaining the infrastructure. Gdhyetae work of NGOs is in
competitively form with PWA without presence of papative between them to avoid
duplication of work and make better use of avaddiinds to the sector (ARIJ, 2011,
Klawitter & Barghouti, 2006).

2.2.3 Water and Environmental Laws

Palestinian Water Law a new water law established to develop and mange
water resources. It approved and signed by Presmfetme State of Palestine, on 2
June 2014. The Water Law includes vision, goalficp@nd strategic principles for
the management of the Palestinian water sectowdhfilinction in parallel with other

relevant legislation (Palestinian water law, 2014).

The objective of Water Law:

According to (Article 2) of Palestinian water lawrfthe year 2014, the water law
aims to:
o Develop and manage the water resources in Palgstine
0 Increase water resources capacity,
o Improve water resources quality to preserve andeptahem from pollution
and depletion,

o Improve the level of water services through thelenmentation of integrated

and sustainable water resources management paacipl

Palestinian Environmental Law establishes the general legal framework for
environmental protection in Palestine. It adopted the Palestinian Legislative
Council on 6 June 1999 and approved by PresidetfiedPalestinian Authority, on 28
December 1999 (UNEP, 2003).



The Objective of Environmental Law:

The protection of the environment (land, water,, amarine environment) by

preventing all types of pollution; promotion of gigthealth and welfare; preservation
of biodiversity and improvement of those areas Wtice environmentally degraded.
It also promotes public awareness and encourageaisable resource development
for the benefit of present and future generationstlee basis of intergenerational
equity. The law also covered the environmental mlagn and enforcement tools
(including impact assessment, licensing, inspectad administrative procedures,
and penalties), and incorporates the ‘polluter pagenciple and sets out

government/public sector duties, including the $dsr inter-sectoral coordination

(UNEP, 2003).

2.2.4 Regulatory Framework

PWA is the responsible of water sector regulatidiigese regulations should satisfy
the requirements of the various stakeholders angergmental requirements at
different levels (Tarazi, 2009, UNEP, 2003).

Regulation is sets of commands issued by goverrsneshiich are designed to control
behavior, with accompanying ‘police forces’ and g@ées that it aims to improve
access to services, ensure the quality of servické @momote efficiency in the
production and consumption of services, in additmmrotection of the customer. It
deals primarily with issues related to the cost guodlity of services, as they are
perceived by the individual consumer. The regutatshould apply equally to all
water service providers regardless of whether #reyprivate or public sector entities

(Tarazi, 2009). The main element of regulation #amork presents ikigure (1.2)
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Figure (2.2): Regulation framework elements (Tarazi, 2009).

2.3 The Need for Ground Water Protection

Water is essential to sustain life and a satisfgc(adequate, safe and accessible)
supply must be available to all. Improving accessdfe drinking-water can result in
tangible benefits to health. Every effort shouldrbade to achieve a drinking-water

guality as safe as practicable (Ikhlil, 2009).

Palestine depends on groundwater. Groundwatef vgaékr which occurs within the
'hydrologic cycle' below the land surface. It ipervasive resource, interacting with
the land surface, streams and lakes (ANECC, 1995).

Groundwater is the main source of water in Palestior domestic, agriculture and
industrial purposes (Carmon et al., 1997). Consattyyethe need to protect
groundwater resources is directly related to tHeevaf these resources and the risk of

devaluation or destruction of this resource duleuman activities (ANECC, 1995).



In Palestine, there is need to develop a groundvpatéection guidelines to provide a
national framework for the protection of the qualibf groundwater from
contamination and also focus on land-based managemk the groundwater
resource. Water quality is an important pillar &ory water management program and
one of the most important environmental issues taaing Palestine is the
degradation of groundwater quality so the managémiegroundwater must be dealt

within very effective ways (Tarazi, 2009).

According to national guidelines for groundwateotpction there is three major types

of protection are classified into three 'legislatigroups:

1. First legislative group includes a whole range w@ditional groundwater
management measures available, such as vulneyabiiaps, aquifer

classification systems and wellhead protectionglan

2. Second legislative group includes a range of laswl-planning measures

which can help prevent contamination occurringhappropriate locations.

3. Third legislative group includes a variety of ewwvimental protection
measures emerging which tackle modern waste mareageproblems in
progressive ways (ANECC, 1995).

This research will apply the first legislative gpowf water management (the
traditional measures) through make pollution sosiroap for Al- Fawwar wells (the

target wells in the study) and plan a wellheadguitbn zone for it.

2.3.1 Vulnerability Maps

Vulnerability is a technique that used to determitiee groundwater body's
vulnerability to contamination. It considered aseoof strategies that used for
assisting the development of groundwater protecfldre vulnerability defined as “a
relative evaluation of the potential exposure ofgeundwater resource (and
consequently, its beneficial use) to contaminatfoom planned and unplanned
sources”. Vulnerability map is necessary to deteemihe need for groundwater



protection and so determine the protection mechaniaccording to the loss of a
beneficial use of that groundwater resource. A ertdbility map will be designed in

this research on Al- Fawwar well field.

2.3.2 Wellhead Protection Plans

Pollution prevention is the key to maintain the lpulvater supply wells in Palestine
from pollution. So the delineation of well head teion plans in Palestine is
necessary. According to United State EnvironmeRtatection Agency (U.S. EPA,
1987), well head protection area defined as “serfaic subsurface area surrounding
water well or well field supplying a public watgrssem, through which contaminants

are reasonably likely to move toward and reach swedhor well field”.

According to Australian groundwater protection gglides public water supply wells

can be contaminated in many ways that include:

o Incompatible land-use practices within well recleaageas, eg. septic tanks;

o Leakage of contaminants into the well or arounddbtside of the casing, if
not properly sealed or poorly operated and maietgin

o Aquifer contamination by leakage of poor quality @ontaminated
groundwater from one aquifer to another via imprbpeonstructed or
corroded wells;

o Interaquifer leakage in well holes drilled for miakor oil and gas exploration
which are not properly abandoned; and

o Drill stems not properly cleaned, thus transfertiagteria or contaminants.

Before delineation of WHPAs it must identify anddte the source of pollutants that
can cause contamination of groundwater. Monitoriagd management of
groundwater in Palestine is very necessary anddbmsidered as essential part of
PWA responsibilities. This research will determaeell head protection plan to Al-

Fawwar well field.



2.4 Summary of Current Situation of Water Sector

Water is an important commodity and a vital inppudbmestic uses, agriculture uses
and industries uses, so our economy. For this,gheater resource monitoring and
reviewing are important elements to maintain aratgmt these resources. Good water
governance refers to a range of political, sogegnomic and administrative systems
that must be in place to regulate the developmeditnaanagement of water resources
and provision of water services at different lewdlsociety.

Palestinians polices and strategies in water sewtere established but the
enforcement of regulations is still very weak daoehe sovereignty issue over land
and water mainly in the presence of occupationrdlie also a scatter and unclear
roles and responsibilities of different water seqtarties that also affected on the
sector management and future development. It isoitapt to define roles,

responsibilities and regulation of water sectodévelop Palestinian water protection
guidelines. This research concentrated on WHPZ lwiscan important topic for

PWA regulation in the future.

The aim of WHPA delineation of Al- Fawwar wellstsprevent the contamination of
the groundwater within the catchment area. The fitense of Al- Fawwar wells
water is related to Hebron municipality but the hdaries of the catchment that fed
the wells are within Dura municipality and othemwuaunity councils. Generally,
PWA and West Bank water department are the redplengarties of water resources
management in the West Bank. So, the protectioAlofFawwar wells as water
source is under the responsibility of: PWA, MoH, rBumunicipality, Hebron
municipality and community council for Tarama, Hadsl- Fawwar and Al- Fawwar
camp. For this, it is important to regulate thepmassibilities between these parties to
prevent any pollution in the future for Al- Fawwaell and to make plan for control
and management of the wells and their catchmeat &, there is a need to regulate
the: strategies, regulations and evaluation of ghssible pollution sources in the
catchment area before give licensing of constractm prevent the pollution in the
future and put emergency plan to control pollutases and stop pumpage from well.



3 Chapter Three: Materials and Methods

3.1 Field Survey

Field survey was carried out in the study area dteminine the boundaries of the
catchment area and examine the current situatigkl-dfFawwar wells 1 & 2. Add to

this, investigate and mapping the possible pollusaarces that affect groundwater in
the catchment area using handheld Global Posigo8gstem (GPS). Then the
collected data was inserted and analyzed usingr{fEp me software) and (GIS

software) to draw the pollution source map and rothaps.

The methodology of the research is summarizdegare (3.1).

Methodology ‘
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Figure (3.1): Research methodology.



3.2 Geophysical Investigation

Geophysical survey methods measuring the elecprogderties of soils and rocks are
using artificially generated electrical currentsttiare imported into the ground and
measure the potential difference generated onrdeedurface. The current input and
the voltage measurements are obtained using staisteel electrodes. Resistance of a
material is defined as the Ohmic resistance betweersurfaces of the same material
with a prescribed boundary. Resistance in OhmspByaical property that can vary
from material to material but can also vary in Hane material from point to point
(Barounis& Karadima, 2011). The geophysical methaids one of the best modern
ways to determine the sources of groundwater addalways; it is also used for
identification of ranges overlap between freshwated saltwater or contaminated.
Furthermore, it is an accurate way that can detegmithe vertical changes of
resistance with varying depth and its ability tovgkeate into the remote depths by
vertical electrical sounding methods (VES) Schlurgbe array (Lashkaripour, et al,
2005).

3.2.1 The Principle of Schlumberger Array Technique

When doing resistivity sounding survey electrodes distributed along a line,

centered about a midpoint that is considered tlation of the sounding. Such
measurement needs to inject a continuous eleatrremt (low frequency) in the earth
by using two electrodes (A and B) as input, andgisither electrodes (M and N) as
output as represented ifkigure 3.2 (Barounis& Karadima, 2011, Thaher, 2010).
The resulting potential field voltage is measuretha surface by a voltmeter between
a second pair of electrodes. The subsurface groesidtivity can be calculated by
using the electrode spacing, geometry of the @detipositions, applied current and
measured voltage (Sbeh, 2009).
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Figure (3.2): Sketch diagram of Schlumberger array (Barounis&adana, 2011).

From the current (I) and voltage (V) values, anaxppt resistivity §a) value can be

calculated by the following equation:

Where, k is the geometric factor which depends tm drrangement of the four
electrodes, V is the potential or voltage andtheselectric current (Loke, 2000, Sbeh,
2009).

Resistivity meters normally give a resistance valRe= V/I, so in practice the

apparent resistivity value can be calculated byfdtHhewing equation:

Where, K is the geometric factor and R is the tasie (Loke, 2000).

The calculated resistivity value is not the trusisevity of the subsurface, but an
“apparent” value which is the resistivity of a hageneous ground which will give
the same resistance value for the same electradmg@ment. The relationship
between the “apparent” resistivity and the “truesistivity is a complex relationship.
To determine the true subsurface resistivity, arelision of the measured apparent
resistivity values using a computer program mustdreed out (Loke, 2000).



3.2.2 Field Experimental Design

To determine the lithology of Al- Fawwar wells, @ectrical investigation was
carried out depends on (Wenner- Schlumberger Armagdhod by using Vertical
Electrical Surrounding (VES) points. This technigdetermined the depths of the
subsurface rocks boundaries and identifying thetiébal proprieties of the different
lithology (Al- Swiety, 2009, Thaher, 2010). The ghgsical investigation was
conducted by staff from Water & Environmental ArsagyLab in Al- Quds University
(Figure 3.3.

" 8 o

Figure (3.3) Determination of Al- Fawwar wells lithology by ing Vertical

Electrical Surrounding (VES).

4 VES measuring points are accomplished in Al- Fawwells field using PASI
instrument. Schlumberger array is used in the 4 \fiets. The array spacing
distances are illustrated inrgble 3.1, the measurements were done with four
electrode array consisting of two current and twteptial electrodes. The VES is to
expand the electrode array from a fixed center.r&irreached more depth by

increasing the spacing between the outer electradasequently the resistivity of the



different successive horizontal rocks layers wdlreached. The different lithological

successive are mean different electrical respatifferent resistivity).

Table (3.1): Electrical sounding spacing during the investmati

Spacing number *AB/2 *MN/2
1 1 0.4
2 3 0.4
3 4 2
4 5 0.4
5 S 2
6 10 2
7 10 4
8 15 2
9 15 4
10 30 4
11 40 4
12 40 20
13 50 4
14 50 20
15 100 20
16 100 40
17 150 20
18 150 40
19 200 40
20 300 40

* AB: Current electrode, MN: Potential electrode.



3.3 Samples and Water Quality Evaluation

Evaluation of the water quality for domestic usessvbased on a comparison of the
biological, physical, and chemical parameters of Fawwar wells water with the
drinking water guidelines of WHO (1995) and the e8#hian drinking water
standards (PWA, 2005). The main parameters of conaere the fecal coliform
bacteria and nitrate. Samples of water from Al- waw wells were collected and
taken in glass bottlesigure 3.4), stored at 4°C in ice boxes. Collected samplagwe
taken immediately to the Central Public Health Labory of MoH in Ramallah.
Analysis of samples includes (Total coliform, Fealliform, pH, Nitrate).The
measured parameters were analyzed according tdasthiprocedures that used for

the examination of water and wastewater (APHA, 1995

Figure (3.4): Water samples collection from Al- Fawwar wells.



3.4 Water Budget Calculation

The water budget in Al- Fawwar well field was cdétad according to the following
equation: (Schmidt et al., 2012)

P=ET+SR+ Qpring + Quell abstraction + Q  ut +vvvvvvnrnnen 1)
Where:

P: Precipitation.

ET: Evapotranspiration.

SR: Surface Runoff

Qspring Springs production

Quen abstraction: Wells production

Q ut Groundwater recharge — (Q springs + Wells Absitvag
The data of precipitation (P) was obtained from &uaretrological data, where the
data of springs production {Qn) and wells production (f abstraction) was

obtained from PWA database.

The surface runoff estimated according to Gdidgdt equation (Al- Sweity,
2009):

SR =0.237*(P-252) ... )

Where SR is the average annual runoff and P iswtkeage annual rainfall. Both SR

and P are in mm/yr.



3.5 Delineation of WHPA Boundaries

To determine the boundaries of Wellhead Protecficea (WHPA) of Al- Fawwar

wells, two methodologies where tested as following

3.5.1 Calculated Fixed Radius (CFR) Method

The radius of the protection zone was calculatezbraking to the following equation
(SLE, 1999, Kraemer et al., 2007):

Where:
ris radius (distance from well) in meters.
Q is maximum approved pumping rate of the wefl/¢ay).
t is saturated travel times for each well captuneez(50 days, 2 years and 5 years).
b is saturated thickness of screened interval (@aing).
n is Aquifer porosity.
is 3.14.

3.5.2 Wellhead Analytic Element Model (WhAEM2000)

WhAEM2000 is a geo- hydrology computer model usgddelineating capture zones
for pumping wells; it's public domain developed lige U.S. Environmental
Protection agency (US EPA) (Kraemer et al., 2007).

The calculations of WHPA dimensions using WhAEM20088pend on several
parameters, including the magnitude and directioth® ambient flow near the well
or well field, which is challenging to characteridzdhe magnitude of the uniform flow
is denoted by Q (m?/day), and can be estimated from the hydraulicigrad and the
aquifer transmissivity kH (hydraulic conductivitytknes saturated aquifer thickness
H) (m?/day) (Kraemer, 2009).



The magnitude of the uniform flow rate is calcuthses:

The flow (Q ) is the total amount of water in the aquifer imtggd over the saturated

thickness, per unit width of the aquifer.

The shape and size of a simplified time-of-travaptare zone can be related to a

dimensionless travel time parameterdefined as:

Wheren is the aquifer porosity, ar@ [L*/T] is the pumping rate of the well.

When 0.1, the radius (R) centered on the well, inclgdarsafety factor for a non-zero

ambient flow field, is given by:

QT
R=1.1543 |[——..........
mHn (6)

When 0.1 < 1, the R is given by:

R=Ld1.161 +In(0:39 + )] ............. (7)



Where Lgis the distance from the well to the stagnatiomipdown gradient from the

well given by:

And where the eccentricityis the measure of the deviation from center afutar to
center of well given by:

= 140.00278 + 0.652] ............. (9)

When > 1, a uniform flow envelope, the so-called bdsged capture zone, can be

defined as:
X = CRTTETTRT (20)
tﬂ..’ﬂ.E
Where y is bounded by:
QRQ <y<'QR2Q ............. (11)

And clipped at the up-gradient distanggdiven by:

Lyu=Ls[ +In(@+ ) wovrerennn, (12)

And where (e = 2.718) (Kraemer et al., 2007, MogB&eTarazi, 2010

The previous calculation sequence and resultshemersinFigure (3.5)
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Figure (3.5): Simplified delineation techniques for a well pumgpiat rate Q, in an
ambient flow field Q , with aquifer saturated thickness H and porosjtsimd time of
travel capture zones of time T (Kraemer et al.,Z20@razi, 2009).



4 Chapter Four: Results and Discussion

4.1 Geophysical Investigation of Al- Fawwar Wells feld

4.1.1 Geophysical Fiel&urvey of Al- Fawwar Wells Field

The Geophysical method (Vertical Electrical Sougd{WVES)) was applied in this
study to evaluate the aquifer lithology of Al- Faamwells. The VES method is

useful to identify the litological and geologicdlazacteristics of the underground.

The geophysical investigation of the study areasists of two profiles, which are
labeled from A- A to B - B (Figure 4.1) Each profile composed of two Vertical
Electrical Sounding (VES) points. These four VESnp® were plotted on Google
satellite magFigure 4.1)
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Figure (4.1): Location of Geo-electrical sounding profiles.




The locations of the four VES points of the all fides are presented inméble 4.1).

The maximum depth for all VES stations is 150 m.

Table (4.1): Location of VES points in Al- Fawwar wells field.

Point no. East North Elevation (m.a.s.1
P1-1 156262 98257 722 m
P1-2 156126 98360 718 m
P2-1 156180 98222 714 m
P22 156120 98131 713 m

Data interpretation for lithological compositionased on the electrical resistivity

values describing irFigure 4.2).
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Figure (4.2): Resistivity’s of some common rocks, minerals antsgboke, 2000).



4.1.1.1 Vertical Electrical Sounding and Lithologial Description

The geophysical investigation was constructed Zilpsoand 4 VES points that are
used to explain the lithology of Al- Fawwar wells.

1. Profile 1 (A-A")

This profile is extended from south-east to norésty and it is north Al- Fawwar
wells field, 2 stations (P1-1 and P1-2) were takethis profile with (171 m) length
between each station as shownkig(re 4.1). The measurement was started from the
surface (the depth was zero) and the maximum deggbhed up to 150 m. The
minimum resistivity value was (5.m) and the maximum resistivity was (2489m)
(Figure 4.3).

AO.m Al-Fawar (profile-1)

o -

= =, [(Qm]

_— — 83
25 316
261
215
178
100 147
121
100
150 §25
175 68.1
36.2
46.4
316
26.1

300
Figure (4.3):(A - A ) vertical electrical sounding profile.

The lithological characteristics correspondinghe values of resistivity is illustrated
in (Figure 4.4 and described inT@ble 4.2. Along this profile there were 2 VES
stations, P1-1 from (0- 150m) depth and P1-2fromlBDm) depth.
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Figure (4.4): Lithology of the electrical profile (A - A).

Along the 1st station (P1-1) there were three mlayers: Top soil layer with
thickness (5m), the minimum resistivity value wadsttas layer (5 .m). Dolomite
layer with thickness (13m), this layer is aquifer fvater. The maximum resistivity
value was at this layer (2489n). And Limestone layer with thickness (132m)oals

it is aquifer for water. These two layers are edaio Hebron formation.

Along the 29 station (P1-2) there were 6 main layers: Top with thickness (1m).
Dolomite inter bedded with marl layer with thickse@m), this layer considered as
aquiclude layer. Limestone layer with thickness Y4this layer is aquifer for water.
Dolomite layer with thickness (10m). And Limestdager with thickness (52m). All

these layers are related to Hebron formation.



Table (4.2):Lithological description of (A - A) profile.

Point - ID | Depth (m) | Resistivity | Avg. Resis .m) Lithology

0-5 5- 60 22 Top soil

P1-1 5-18 419- 2489 1393 Dolomite

18- 150 10- 123 35 Limestone
0-1 70- 150 113 Top soil

1-3 406- 1307 1023 Dolomite + marl

P1-2 3-7 22- 94 45 Limestone
7- 17 526- 1119 845 Dolomite

17- 150 8- 180 69 Limestone

From Table (4.2)the resistivity of lime and dolomite was not horangus; because
the resistivity for each one determined accordmthe values present Figure (4.2)
as a pure component but in the field there is abtoation between limestone and

chalk or dolomite and marl so the resistivity chesh@t different depths.



2. Profile 2 (B-B")

This profile is extended from north-east to soudsty 2 stations (P2-1 and P2-2)
were taken in this profile with (110 m) length beem each station as shown in
(Figure 4.1). The measurement was started from the surfaeed@pth was zero) and
the maximum depth reached up to 150 m. The minimasistivity value was (6 .m)
and the maximum resistivity was (13527m) (Figure 4.5).
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Figure (4.5):(B - B ) vertical electrical sounding profile.

The lithological characteristics correspondinghe values of resistivity is illustrated
in (Figure 4.6) and described inT@ble 4.3. Along this profile there were 2 VES
stations, P2-1 from (0- 150m) depth and P2-2froniBDm) depth.
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Figure (4.6): Lithology of the electrical profile (B - B).

Along the 1st station (P2-1) there were 4 main risty@op soil layer with thickness
(6m). Dolomite inter bedded with marl with thicksgd.2m), this layer considered as
aquiclude layer. Limestone layer with thicknessn( 7this layer is aquifer for water.
And Dolomite layer with thickness (105m), this layis aquifer for water, the
maximum resistivity value was at this layer (1352m). All these layers are related

to Hebron formation.

Along the 29 station (P2-2) there were 4 main layers: Top witih thickness (6m),
the minimum resistivity value was at this layer (). Dolomite inter bedded with

marl layer with thickness (24m) and Limestone layéh thickness (77m).



Table (4.3):Lithological description of (B - B) profile.

Point - ID | Depth Resistivity Avg. Resis Lithology
(.m
0-6 20- 80 48 Top soil
6- 18 207- 5591 2124 Dolomite + marl
P2-1 18- 45 22- 427 161 Limestone
45 150 839- 13527 4595 Dolomite
0-6 6- 170 44 Top soil
6- 30 97- 539 285 Dolomite + marl
R i T 28.7 Alluvium + water
73-150 | 105-4261 1528 Limestone

Also, in Table (4.3)the resistivity of lime and dolomite was not horaogus and this

explained as previous discussion T@ble (4.2)page 58.



4.2 WWater Budget of Al- Fawwar Wells Field

4.2.1 Background

Water budget is a basic tool that can be used tuate the occurrence and
movement of water through the natural environméifater budgets provide a
foundation for evaluating its use in relationship dther important influencing
conditions such as other ecological systems anturles as well as social and
economic components (IWM, 2009). It assumed forewhtidget of any hydrological
system that the input = the output and any increaskecrease of one of them lead to

change in the storage (Ibrahem et al., 2012).

Water budget calculation can be useful to studywarderstand the dynamics of water
throughout the flow system. Water budget for Alwkar well field can be looked at

as water inputs, outputs and changes in storage. ifiputs into the study area
(precipitation, anthropogenic inputs such as wagtkient) must be equal to the
outputs (evapotranspiration, water supply abstasti and surface or groundwater
outflows) as well as any changes in storage withénarea.

4.2.2 Water Budget of Al- Fawwar Wells 1 & 2Field

The water budget in Al- Fawwar wells 1 & 2 fieldla#dated according to the
following equation (Schmidt et al., 2012):

P=ET+SR+ Qpring + Qwell abstraction T Q Ut rorrrneneenns (1)
Where:

P: Precipitation.

ET: Evapotranspiration.

SR: Surface Runoff

Qspring: Springs production

Qwell abstraction: Wells production

Q ut: Groundwater recharge — (Q springs + Wells Adzdion) (Schmidt et al., 2012)



In general, precipitation is the main input paramét the water budget, whereas the
actual evapotranspiration, recharge and runoffitarsajor output parameters (Xu &
Singh, 1998, Qannam, 2009).

Therefore, this chapter provides information abeath parameter in order to come

up with an answer about water budget of the weldfi

4.2.2.1 Precipitation

Rain is the main source of water in Palestine, twtieed the aquifers, streams and
valleys (PWA, 2011). It also used to irrigate lameas of agricultural lands. The
annual rate of precipitation in Palestine rangesmf{100- 650 mm) according to the
variation in topography. It is estimated that tle@duwme of precipitation in Palestine
around 10 billion CM, particularly 2947.1 MCM ingWest bank (MoA, 2013).

The annual precipitation in Al- Fawwar well field aw obtained from Dura
meteorological station during the period (1963- 20as presented in Appendix 1
The annual average of precipitation is 489 mm, thatl Al Fawwar field has an area
of 16 knf (16206207 rf), the area of AL- Fawwar field was calculated tsing

geometry tool of GIS software. Precipitation is thajor input of water balance in the

study area.

The annual volume of the precipitation over theaamas 7.93 MCM (7924835 it
was calculated according to the following equation:

P = (P (mm/ yr) * 1000/ Area (M) ............. ()

P (CM) = 489 mm* 1000/ 16206207°m
P = 7924835 CM/ million—» P = 7.93 MCM/ yr.

Changes of precipitation rate with years as presemtFigure (4.7)during the period
of (1963- 2014) may affect the water reserves mFawwar wells, so the protection
of Al- Fawwar wells from pollution is important tkeep this available source of

drinking water mainly with the increase of watem@ad because of increase of



population number and change of life style. Alser¢his need to develop a plan to
increase the benefit of precipitation amounts bycre@se the rate of

evapotranspiration and increase water infiltratmthe groundwater.

To ensure if the changes of rainfall rate with ya#fect the water level, a cross
section of Al- Fawwar aquifer was joined with thellxdrawdown as represented in
Figure (4.8) The depth of well no. 1 was 100 m and the depthedl no. 2 was 150
m, with distance between them 38 m. The aquifemétions were dolomite and
limestone. The water table arises from the limestfmmmation. The water levels of
Al- Fawwar aquifer obtained from PWA database (smow Appendix 2) used to
obtain the(Figure 4.7), by make comparison between the annual averagairdall
and water level of aquifers, it was find that thisrao any relation.

Well 1 Well 2 -
et

710 = S

700

90+

680+

670 100 m

ELY ] ——

660

#50-

G40 150 m
4301

620 .

Flevation a.s.

61!
#10-

600

590 1

580

570

]

568

Figure (4.7): Cross section of pumped confined aquifer and welvdown.

4.2.2.2 Runoff

Runoff measurements in the West Bank are very aacethe most of the available

data are estimations (Qnnam, 2009). According ponts of Ministry of Agriculture,



10% of precipitation is runoff in Palestine, whe88- 70% of precipitation is
evaporated and the remaining (25%) is recharggdoiandwater (MoA, 2013).
In this study, Surface Runoff (SR) estimated acogydo Goldschmidt equation (Al-
Swiety, 2009):

SR =0.237 * (P- 252) ............. 3
Where, P is precipitation.

SR = 0.237 * (498- 252) = 56.17 mm/ yr
SR (CM) = (56.17 mm/1000) * 16206207 m
SR = 910286 CM/ million—» SR = 0.91 MCM/ y

Goldschmidt equation estimates that the annuabserfunoff in Al- Fawwar wells
field was 56.17 mm (0.91 MCM) which represent 11.5%the average annual
precipitation, this results was agreed with theorepf MoA that 10% of P is runoff.

4.2.2.3 Evapotranspiration (ET)

Evapotranspiration is the loss of water from a vagel surface through the combined
processes of water evaporation, soil evaporatiod afant transpiration (ET
definition). The actual evapotranspiration can beasured directly in the field by
device known as lysimeters (Qannam, 2009), butnigs available in the study area
until the year of 2014 (MoA, 2014).

The ET was calculated in Al- Fawwar field by applyidifferent methods that are

described as following:

1. Hydrometeorological method was applied to obtdia ET as the following
eqguation (Qnaam, 2003):
AET =P - (Q+R) ..ccovre.. (4)

Where, P is precipitation.
Q is surface runoff.
R is recharge.



Before the calculations of ET the recharge (R) wakulated according to the

following formula (Schimidt et al., 2013):

R =0.534* (P-216) ............. (5)

R = 0.534 * (489 — 216) = 145.78 mm /yr
Then, ET = 489- (56.17 + 145.78) = 287.05 mm/ yr.

2. Empirical equation (Turc formula) was used ttaobthe ET by applying the
following equation:
AET (Turc) =P /[0.9 + (P/LY¥]%°............. (6)

Where: L = 300 + (25* t) + (0.05%)
t: is the temperature (°C). The average temperdturthe last 12 years is 16.3°C.

L =300 + (25 * 16.3) + (0.05 * 16°p —> L =924
Then, AETrur)= 489/ [0.9+ (489/924)°° — AETrue= 450 mm.

3. According to the Ministry of Agriculture (MoA)amfall report, 60- 70% of
precipitation was lost as evapotranspiration. Adoag to this, the ET was calculated
as:

ET=(65*P)/ 100 ............. @)

Then, ET = 65 * 489/ 100 = 317.85 mm/ yr

In order to calculate the water budget in the stadya, the average between ET
values that resulted from equations (4, 6 and M)bei used to represent the average
annual ET in this area.

Avg. ET=287.05 + 450 + 317.85—» Avg. ET = 351n&3/ yr which is represent
70% of annual precipitation.

ET (CM) = (351.63 mm/1000) * 16206207 m

ET = 5698589 CM/yr—»  ET =5.70 MCM/ yr



4.2.2.4 Springs Production (Qyring)

Delbah spring is located to the east of Dura towd west of Al Fawwar wells. It's
far about 1.71 km from Al- Fawwar wells. The usageDelbah spring is for
drinking. The maximum annual discharge of Delbatingpaccording to PWA reports
is 35532 CM/yr (0.354 MCM/ yr).

4.2.2.5 Wells Production (Qel abstraction)

Al- Fawwar wells are located in Al —Fawwar camputboof Hebron city between

Dura and Yatta. They were drilled in 1962 under mistrations of Jordan to the
West Bank. The usage of Al- Fawwar wells for drmmki The annual pumpage of both
wells according to PWA, 2000 reports is 545279 QMAIso, there are about 163
drilling and dug wells in the catchment area of #tedy used for drinking and

agricultural purposes. These wells were survivetthis research (Appendix 3), where
the total abstraction of these well is 146000 CK/Spo the total wells production in
the catchment area is 691279 CM/ yr (0.691 MCM/ yr)

4.2.2.6 The Remaining Lateral Outflow (Q )

The remaining lateral out flow was calculated adoay to the following equation:

Q u = (Groundwater recharge) — (Qprings + Quwells abstraction) -+« +++ -+ 8)

Where, Groundwater recharge = (P) — (ET + SR)
Groundwater recharge = (489}351.63 + 56.17)
Groundwater recharge = 81 mm/ yr.

If we take in consideration the result of equatatiat was used to calculate the value
of recharge R = 0.534 * (489 — 216) = 145.78 mm Tyren we take the average of
both values of groundwater recharge, Avg. of grovatdr recharge = (81 + 145.78)/2
= 113.49 mm/ yr which represent 23% of precipitatithese results was agreed with

the result of MoA rainfall report.



The average annual groundwarter recharge is 118mRyr
Groundwater recharge (CM) = 113.49 *1000/ 16206207.
Groundwater recharge (CM) = 1839242, MM/ yr

Then, Q = 113.49- (21.87 + 42.66)
Q 4 =48.97 mm/yr.

Al- Fawwar wells water budget was summarizeétigure (4.8)

Water Budget for Al- Fawwar Wells Field

P=FET+ SR+ Q.'.-pring + Qwell abstraction + Qom'

Inflow

mm/a

489

Precipitation

o Recharge Area size is 16 Km?
0 2 Abstraction wells

0162 dug and drilling wells
o1 Spring

Outflow MCM/a | mm/a
EvapoTransp. 370 351.63
Surtace runott’ 091 3617
GW recharge 1.84 113.49

— Q spring 0.35 21.87
— Q well abstr. 0.69 42.66
— Q out 0.79 48.97

Remaining lateral outflow

Figure (4.8): Water budget of AL- Fawwar wells catchment area.




4.3 Groundwater Quality Evaluation of Al- Fawwar Wells

4.3.1 Background

The groundwater quality is very important to det@emsuitability of the water for
various water use purposes (Sabbah, 2005). Watalitygus defined to be the
chemical, biological and physical characteristitsvater. The use of water (drinking,
irrigation ...etc.) is the main factor in determinitige required water quality. Water is
said to be good or acceptable for a special uses, tharacteristics meet the standards
for that use (Qannam, 2009). The water quality eg¢edatisfy the standards for each
purposes of use in order to avoid any negativeceffagainst the user. This means
that the contents in water must fit the situatiefsch never affect the health of the
consumers over the life of consumption (Ikhlil, 2D0

4.3.2 Pollution Sources in the Catchment Area of AlFawwar Wells 1 & 2

In the study area there are many potential sowstesntamination as represented in
(Figure 4.9)that include;

1. The presence of agricultural lands (that dep@mdase of chemical fertilizers and
pesticides) represent about 4503 dunum, in whidh @hum of it had about 123
greenhouses. The quantity of used chemical fertdizn the greenhouses ranges from
(0.5 = 1 ton) annually (MoA, 2014).

2. The presence of urban area that use cesspdspose wastewater. The no. of
houses that still use cesspit and septic tank laoete6630 houses and there is only
about 770 houses (in Al- Fawwar camp) that conrkeitiesewage network in the year

of 2002 (Dura municipality).

3. The presence of two olive mills, four gas staiand other industry utilities.

(There coordination’s in Appendix 4 and photos alfytion sources in Appendix 5).
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Figure (4.9): Pollution sources in the catchment area.

4.3.3 Previous Water Quality Analyses in the Catchent Area

There is previous studies in the study catchmesd #rat gives a possible pointers of
pollution; like (Ikhlil, 2009) that was sampled atebted 48 springs and dug wells in
Dura for different water quality parameter. Theutessshowed that only 5 wells are
suitable for drinking purposes according to WHOndeads and the rest 43 springs
and dug wells are unsuitable for drinking purposesaddition to (Al- Swiety, 2009)
that was sampled dug and drilling wells in Wadi abugmra, his results showed high
concentration of nitrate. Also, (Al- Jabari, 201sgmpled and tested Al- Fawwar
wells for total phenol parameter that result froliveomills wastewaters, her results
showed that the concentration of total phenol wa402and 3430 g/L in the wells
that exceeded the maximum allowable concentratibnpleenol compounds in
drinking water (0.5 g/L) and according to WHO standards the total pheontent of

water to be chlorinated should be kept below @iL). Moreover, there is a previous



analysis of Al- Fawwar wells 1 & 2 taken from PW¢ain the year (1984- 2004), the
analysis of nitrate concentration shown as figune Appendix 6, the nitrate
concentration exceeds the allowable limits of Rades1 standards and WHO
guidelines for drinking water. Also there is a afion of nitrate concentration from
year to another this may depend on the quantitysed fertilizer or the amount of

disposed wastewater.

4.3.4 AL- Fawwar Wells Water Quality Evaluation

In this part of the study, the water quality of Adawwar wells was evaluated for
domestic water quality. The physical charactessticclude (pH and TDS) was
determined, also the chemical characteristics del(Cl and NQ’) was determined
and the biological characteristics (include fecaliform and total coliform) was
determined as presented in thable (4.4) These analyses were measured in the
Central Public Health Laboratory of MoH. The resuttompared with the World
Health Organization (WHO) guidelines and Palestirstandards for drinking water.

Table (4.4) Water quality measurements of Al- Fawwar welleamparison with the

Palestinian standards and World Health OrganizaWgHO) guidelines for drinking

water.
Parameters Well no.1| Wellno.2| Palestinian standasi WHO
(2004) guidelines

Basic | Conditional* (2004)

pH 7.4 7.5 6.5- 8.5 9.5 6.5-8.5

TDS (mg/L) 559 626 1000 1500 500- 1000

CI" (mg/L) 75 72 250 500 250

NO; (mg/L) 101 104 50 70 50

TC (c/ 100 ml) 0 0 0 3 0

FC (c/ 100 ml) 0 0 0 3 0

* Conditional Palestinian standards: are the maxmallowable limits, in the absence of
other resources of better water quality.



4.3.4.1 Chemical and Physical Quality Evaluation

One of the most important parameter for chemicalitpu evaluation of water is
nitrate. It must be controlled in drinking waterchase of its negative effects on the
human health mainly the infants less than 2 yeltsAxcording to WHO and PWA
standards for drinking water, nitrate concentrationt is 50 mg/L. The presence of
nitrate in water is considered indicator of grownaker contamination by wastewater,
animal manure or nitrogen fertilizer. The resulie\s that the concentration of nitrate
in Al- Fawwar wells is (101and 104 mg/L) that extelee acceptable limits of nitrate
in drinking water. So the water is not suitable fininking. Other anaion was
measured which is chloride (LIThe results show that the concentration ofirCAl-
Fawwar wells was (75 and 72 mg/L) that are accéptaiih the limits of WHO and
PWA standards for drinking water.

Total dissolved solids (TDS) concentration was meas is considered a secondary
drinking water standard and it is regulated becafsts esthetic effect rather than a
health hazard (Qannam, 2009). The results showtlikbatoncentration of TDS in Al-
Fawwar wells was (559 and 626 mg/L) that are aed#ptwith the limits of WHO
and PWA standards for drinking water. Also the eabf pH was measured, the
results shows that the pH value in Al- Fawwar wellas (7.4 and 7.5) that are
acceptable with the limits of WHO and PWA standdoatdrinking water.

4.3.4.2 Biological Quality Evaluation

To determine the suitability of water to be useddomestic purposes the biological
evolution is very important. The infectious diseasaused by pathogenic bacteria,
viruses, protozoa or parasites are the most comamah widespread health risk
associated with drinking water. According to WH®$3B), the examination for total
and fecal indicator organisms is the most sens#mnwe specific way for assessing the
hygienic quality of water (Qannam, 2009, Ikhlil,08), therefore this test was used in
this study.

According to WHO and PWA standards for drinking evatthe FC and TC count

must be zero in 100 ml of water. Ministry of HealfoH) examines the FC and TC



of Al- Fawwar wells periodically. The results ofese measurements from 28/1/2013
to 9/9/2014 (23 water samples) were taken from DRig@artment. The results of FC
during the previous period were zero /100 ml thatsuitable with WHO and PWA
standards for drinking water. The results of TCavenow that 18 sample was zero
count and 5 samples were (3, 15, 60, 5, 3 colod@hil) before chlorination of water.
These results agreed with the result of nitratettes repent high nitrate value in the

water; the source of this pollution is expectededrom wastewater.

4.4 Delineation of WHPA for Al- Fawwar Wells

4.4.1 Background

U.S.EPA (1987) defined five criteria that may bedisingly or in combination to
define the area around a well in which contaminamdsld represent a threat to
drinking water drawn from the well: distance, drawah, time of travel, flow
boundaries and assimilative capacity. Various nutlagies for the delineation of
wellhead protection areas have been proposed,dteeyarying in complexity, cost,
level of data and hydro-geological analysis reqluiféghese methodologies include:

Calculated fixed radius
Analytical methods

Hydro-geological mapping

o O O O

Numerical modeling (Groundwater protection scherh@99, Frind et al.,
2002).

In this research the delineation of WHPA boundafms AL- Fawwar well was
identified by using 2 methods: Calculated Fixed iRadCFR) and Wellhead Analytic
Element Model (WhAEM2000). These methods depend tlom time it takes
groundwater to travel a specified horizontal diseanThree well zones were
delineated, the first zone is 50 days time of tr&§Ve®T), the second zone is 2 years
TOT and the third zone is 5 years TOT. Differenitiea of the radius of WHPA were

obtained using these methods.



4.4.2 Calculations of WHPA of Al- Fawwar wells

4.4.2.1 Calculated Fixed Radius (CFR) method

Calculated Fixed Radius (CFR) method was used lioedde the protection zones
dimensions for AL- Fawwar well. The delineated aweas divided into Time of
Travel (TOT) zones (50 day, 2 years and 5 yeareso(SLE, 1999). This method
estimates the zone of contribution for a specitiete of travel. This method also
known as the “cylinder method”, it is easy to usel & is based on simple hydro-
geological principles that require limited techhiexpertise (Mogheir & Tarazi,
2010).

The radius was calculated according to the follgam@gquation (SLE, 1999, Kraemer
et al., 2007):

Where:
r: radius (distance from well) in meters.
Q: maximum approved pumping rate of the welf/tray).
t: saturated travel times for each well captureez(®® days, 2 years and 5 years).
b: saturated thickness of screened interval (vasirg).
n: porosity.
: 3.14.

The pumping rate (Q) of the well is equal (wellWld operating hour). So, the
maximum approved pumping rate of Al- Fawwar wekdgial 270 il day.

The required data about Al- Fawwar well no. 1 ttindate WHPA using the CFR
method (equation 8) are shownTiable (4.5)



Table (4.5): Al- Fawwar well no

. 1 data (PWA database).

Parameter Symbol Value Unit
Well flow L 18 n/ hr
Operating hour hr 15 hr/ day
Porosity n 0.2 _
Screened interval (well casing) b 3.048 m
Time of travel TOT 50/ 730/ 1825 day
Maxi. approved pumping rate Q 270 *Irday

From the data in th&able (4.5)the equation (8) was applied to obtain the follayvin

radiuses:

The Radius for TOT 50 dayBso days= ((270* 50)/ (3.14* 0.2* 3.048%)° = 51.19 m.

The Radius for TOT 2 yeark; years= ((270* 730)/ (3.14* 0.2* 3.048)}° = 195.6 m.

The Radius for TOT 5 yearBs years = ((270* 1825)/ (3.14* 0.2* 3.048§)° = 309.29

m.

Figure (4.10) represent the zones boundary of Al- Fawwar wetratel of time 50

days, 2 years, and 5 years.
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Figure (4.10): The zones boundary of Al- Fawwar well no. 1 by gs&FR at travel

of time 50 days, 2 years, and 5 years.

The required data about Al- Fawwar well no. 2 ttindgate WHPA using the CFR

method (equation 8) are shownTiable (4.6)

Table (4.6): Al- Fawwar well no. 2 data (PWA database).

Parameter Symbol Value Unit
Well flow L 15 n/ hr
Operating hour hr 10 hr/ day
Porosity n 0.2 L
Screened interval (well casing) b 3.048 m
Time of travel TOT 50/ 730/ 1825 day
Maxi. approved pumping rate Q 150 *Irday




From the data in th&able (4.6)the equation (8) was applied to obtain the follayin
radiuses: the radius for TOT 50 day/ge days= 38.16 m, the radius for TOT 2 years,

I'2 years= 145.8 m and the radius for TOT 5 yedi§years= 230.53 m.

The Calculated Fixed Radius method is a simple atethat usually used where the
hydro-geological information is poor or where tiraed resources are limited and
because it also requires little technical expertidewever, it cans both over- and

under-protect (Groundwater protection scheme, 1999)

4.4.2.2 Wellhead Analytic Element Model (WhAEM2000)

The U.S. Environmental Protection Agency Wellheadalgtic Element Model,
WhAEM2000 is a computer tool to support stepwisegpessive modeling, and
delineation of source water areas for pumping w&isemer et al., 2007, Mogheir &

Tarazi, 2010).

The required data about Al- Fawwar well no.1 thak e used in the calculations to
delineate the boundaries of WHPA are showiable (4.7)

Table (4.7):Al- Fawwar well no. 1 data (PWA database).

Parameter Symbol Value Unit
Well flow 18 m hr
Operating hour hr 15 hr/ day
Porosity n 0.2

Aquifer thickness H 88 M
Hydraulic conductivity k 3 m/ day
Depth to water DTW 30 M

Z coordination elevation Y4 718 M
Far from well to sea F 66600 M
Time of Travel TOT 50/ 730/ 1825 Day
Well flow per day Q 270 fday




The delineation of WHPA dimensions using WhAEM20@86pend on several
parameters and equations as described in sectibr2)3The calculations of these

equations are detailed as following:

Well flow per day = Well flow * Operating hr

Well flow per day = 18 * 15 = 270 thday

The hydraulic gradient (i) = (Z coordination- DTWhar from well to sea

i = (718 - 30)/ 66600 = 0.0103

The magnitude of the uniform flow rate (Q= kHi

Q =3*88*0.0103 = 2.73 fday

The reference timegE (NHQ) (2 Q ?)

To= (0.2 *88 * 270)/ (2 * 3.14 * 2.73 = 101.74 day

The shape and size of a simplified time-of-travaptare zone can be related to a

dimensionless travel time parameters TOT/ T,

1. For TOT =50 day
=50/ 101.74 = 0.492
When 0.1 < <1, then
R =L41.161 + In(0.39 + )]
Where s=Q/ (2 Q )
Ls= 270/ (2*3.14*2.73) = 15.77 m
Rsoday= 15.77 * (1.161 + In(0.39 + 0.492)) = 16.31 m
The eccentricity = LJ0.00278 + 0.652]
=15.77 * (0.00278 + 0.652 * 0.492) = 5.10 m

2. For TOT 2 years (730 days)
=730/ 101.74=7.18
When >1,then
Q/2Q <y<'Q/2Q —» 270/ (2*2.73) <y < 270/ (2*2.73)»
Ymax=49.5m
Ls=15.77m
Lu=Ls[ +In(e + )], wheree=2.718
Ly=15.77 * (7.18 + In (2.718 + 7.18)) = 149.25 m



3. For TOT 5 years (1825 days)
= 1825/ 101.74 = 17.94
When > 1, then
Q/2Q <y<'Q/2Q —» Ymax=49.5m
Ls=15.77m
Lu=Ls[ +In(e + )], wheree=2.718
Ly=15.77 * (17.94 + In (2.718 + 17.94)) = 330.53 m

Figure (4.11)represent the zones boundary of Al- Fawwar well ra travel of time

50 days, 2 years, and 5 years.

5 YEARS

2 YEARS

Figure (4.11): The zones boundary of Al- Fawwar well no. 1 byngsWhAEM2000

at travel of time 50 days, 2 years, and 5 years.



The required data about Al- Fawwar well no. 2 thditbe used in the calculations to
delineate the boundaries of WHPA are showiable (4.8)

Table (4.8): Al- Fawwar well no. 2 data (PWA database).

Parameter Symbol Value Unit
Well flow 15 m hr
Operating hour hr 10 hr/ day
Porosity n 0.2

Aquifer thickness H 88 M
Hydraulic conductivity Kk 3 m/ day
Depth to water DTW 13 M

Z coordination elevation V4 718 M
Far from well to sea F 66638 M
Time of Travel TOT 50/ 730/ 1825 Day
Well flow per day Q 150 ftday

The hydraulic gradient (i) = 0.0106
The magnitude of the uniform flow rate (9= 2.79 n¥/ day
The reference timegE 53.89 day

1. For TOT =50 day

When 0.1 < <1, then
Rsoday= 12.3 mand =5.2 m.

2. For TOT 2 years (730 days)
=13.55
When > 1, then Yhax=26.85m, L=8.55m and .= 139.7m

3. For TOT 5 years (1825 days)
= 33.87
When > 1, thenY nax=26.85m, L=8.55m and .= 320.4m.



The WHPA radius according to different TOT thatcegdted by using CFR method
and WhAEM2000 for AL- Fawwar wells 1 & 2 is sumnmad inTable (4.9).

Table (4.9): WHPA radius for Al- Fawwar well by using CFR & WhAM2000

ethod CFR WhAEM2000
(0.1< 1) >1
TOT r (m)
R(m) | (m) | Ls(m) | Lu(m) | Ymax(m)

Al- Fawwar Well no. 1
50 day 51.19 049 | 16.31] 5.10 . . .
2 year 195.6 7.18 . | 1577 149.25 495
5 year 309.29 17.94 - - 15.7¢Y 330.53 49.5

Al- Fawwar Well no. 2
50 day 38.2 093 | 12.89] 5.2 . . .
2 year 145.8 13.55 - . 8.55 1397 26.85
5 year 230.5 33.87 - _ 855 3204 26.85

Note: WHPA direction - 55

Note: the protection area for the 2 wells can begexto produce on protection area

that collects the 2 wells, where the center of phetection area will be on the

midpoint between the 2 wells.

WhAEM2000 method provides more accurate delineatibthe WHPA than CFR
method. The WhAEM2000 is geo-hydrology computer etaaf groundwater flow,

provides a more accurate delineation of the WHRAftén produces a smaller area to

manage than CFR method. The CFR method doesn't itikeaccount regional

groundwater flow, causing a hydraulic gradient. t8e WHPAs identified by this

method may be either too large or too small, regylin wellhead overprotection or

under protection.

According to the Jordanian and Palestinian lawZane 1, it is prevented for any

person to exceed the fence that bounded the aveadithe well, it is also prevented

to graze animals and dispose of any wastes. Whetteei well field of AL- Fawwar

there are many violations like grazing of animaspaesented ifrigure (4.12) and



also there is a septic tank in the zone. The dimension of Al- Fawwar according
to CFR r is 51.19m and according to WhAEM2000 R6i81 m and is 5.1 m so
should be prohibited in these dimension to grazmals or dispose waste. Where, in
Zone 2 it is prevented to use fertilizers and ped#s. Where in the boundary of Zone

2 there are agricultural lands.

Figure (4.12): Violations of Laws in the boundary of Al- Fawwar Ngefield by

grazing of animals in zone 1.



5 Chapter Five: Conclusion and Recommendations

5.1 Conclusion

From this research the following conclusions camitined:

The lithology of Al- Fawwar wells 1 & 2 was conckd three main layers were
identified; Hebron formation, Bethlehem formationdaJerusalem formation that

consist of dolomite, marl, and limestone.

The evaluation of water quality of Al- Fawwar wells & 2 was showed high
concentration of nitrate in both wells that excelee acceptable limits of nitrate in
drinking water according to WHO and PWA standdaigdrinking water; so it make
water unsuitable for drinking. It is concluded tmgrate contamination result from
sewage disposal system because there is no sestensin the catchment area and
they depend on use cesspit and the use of animalnmmaor nitrogen fertilizers

because there is agricultural lands and greenhaniske catchment area.

Water budget of Al- Fawwar wells 1 & 2 field wadadated. The annual volume of:
precipitation was 7.93 MCM, evapotranspiration sag) MCM, surface runoff was
0.91 MCM, groundwater recharge was 1.83 MCM, sppraguction was 0.35 MCM,
wells abstraction was 0.691 MCM and the remainatgrhl outflow was 0.79 MCM.
The evapotranspiration was representing about 72%r recipitation, the surface
runoff was representing about 11.5% and the groateiwecharge was representing

about 23%. The water loss from precipitation wdsutated to be 83.5%.

WHPA delineated to Al- Fawwar wells 1 & 2 by usitvgp methods:

1. The Calculated Fixed Radius (CFR)

For Al- Fawwar well no. 1, the radius of 50 daysieavas 51.19 m, for 2 year was
195.6 m and for 5 year was about 309.29 m.

For Al- Fawwar well no. 2, the radius of 50 daysieavas 38.2 m, for 2 year was
145.8 m and for 5 year was about 230.5 m.



2. Wellhead Analytic Element Model (WhAEM2000)

For Al- Fawwar well no. 1, the travel time paramdte of 50 days was 0.49, (0.1<

< 1), the radius (R) and the eccentricity yvas 16.31 m, 5.10 m respectively. For 2
year () was 7.18, ( > 1), the boat shaped radiuses Lu, Ls and Ymae 4498.25 m,
15.77 m, 49.5 m respectively. For 5 yea) (vas 17.94, > 1, the boat shaped
radiuses Lu, Ls and Ymax were 330.53 m, 15.77 n§ ABrespectively.

For Al- Fawwar well no. 2, the travel time paraméte of 50 days was 0.93, (0.1<

< 1), the radius (R) and the eccentricity vas 12.89 m, 5.2 m respectively. For 2
year () was 13.55, ( > 1), the boat shaped radiuses Lu, Ls and Ymax 4298.7 m,
8.55 m, 26.85 m respectively. For 5 yea) (vas 33.87, > 1, the boat shaped
radiuses Lu, Ls and Ymax were 320.4 m, 8.55 m,2fM8espectively.

In Zonel for AL- Fawwar wells 1 & 2 it must prevegriazing and using cesspit. And

in Zone 2 it must prevent using fertilizers andspss

WhAEM2000 method is better than CFR because ietslgydrology computer model
of groundwater flow, provides a more accurate @glion of the WHPA. It often

produces a smaller area to manage than other nsethod

CFR method is weak method because it does not ialce account regional
groundwater flow, causing a hydraulic gradient. tdRdentified by these methods
may be either too large or too small, resultingmellhead overprotection or under

protection.



5.2 Recommendations

According to the results of this research, it'soramended to:

o Delineate WHPA for Al- Fawwar well and other wellsing WhAEM2000
method.

o Study and apply of wellhead protection area betbee construction of any
new urban area.

o Create sewage network in the catchment insteadsefseptic and cesspit
tanks.

o Recommended to build ponds to collect surface funater from streams
during winter month to use it in agriculture insted abstraction from wells.

o Prevent the random drilling of wells by applying twater and environmental
laws.

0 Long-term spatial and temporal monitoring of theevajuality, especially the
fecal coliform count, N@and CI concentrations.

0 Make rehabilitation of Al- Fawwar wells to maintatras a source of drinking
water in the catchment area.

o Build vulnerability map for Al- Fawwar wells catclamt area.
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Appendix 1. Average of rainfall in study area during periooni 1963- 2014 (Palestinian meteorological statif{i4).
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Appendix 2: Water Level Data of Al- Fawwar Wells

Al-Fawwar well no.1 Water Level Data

Year Rainfall WD m Well Depth m | Aquifer Water Level m
1968 487 mm 11 150 708
1969 496 mm 12 150 707
1970 357 mm 14 150 705
1971 527 mm 15 150 704
1972 684 mm 11 150 708
1973 341 mm 13 150 706
1974 11 150 708
1975 464 mm 12 150 707
1976 376 mm 15 150 704
1977 514 mm 13 150 706
1978 470 mm 12 150 707
Al-Fawwar well no.2 Water Level Data
Year Rainfall WD m Well Depth m Aquifer Water Leval
1968 487 mm 25 100 694
1969 496 mm 37 100 682
1970 357 mm 49 100 670
1971 527 mm 57 100 662
1972 684 mm 44 100 675
1973 341 mm 46 100 673
1974 38 100 681
1975 464 mm 49 100 670
1976 376 mm 55 100 664
1977 514 mm 50 100 669
1978 470 mm 64 100 655




Appendix 3: The Data of the Drilling and Dug Wellsin Wadi abu Al-Qmra Area in Dura.

Name ID Type Location East | North Elevation | Well depth m Water use Use | Productivity
=0 (C:B?"@4 "A+4 1 Open dug well North .S.A| 152800 101460 852 10 richdgural Yes 10
< 08D #"A 2 Drilling well North .S.A | 152861 101400 845 20 rAayltural Yes 2m3
< 08D #"A 3 Drilling well North .S.A | 152838 101357 842 20 rikyltural Yes 2m3
< 08D #"A 4 Drilling well North .S.A | 152856 101348 843 20 rAayltural Yes 5 m3
< 08D #"A 5 Drilling well North .S.A | 152882 101349 845 20 riayltural NO
EO=8<4 FAG:DH|'A 6 Drilling well North .S.A | 152886 10130p 847 19 riyltural Yes 2m3
EO=8<4 FAG:DH|'A 7 Drilling well North .S.A | 152901 10129 846 20 riyltural Yes 3m3
EO=8<4 FA G :DH |'A 8 Drilling well North .S.A | 152909 101295 844 19 rAaylltural Yes 2m3
EO=8<4 IGO8D#'A 9 Drilling well North .S.A | 152908 10130 843 26.5 Agricultural Yes 1m3
EO=8<4 IG 08D #'A 10 Drilling well North .S.A | 152917 101322 842 28.5 Agricultural Yes 2m3
="DJ K/8C "9 #"A 11 Drilling well North .S.A | 152836 101219 845 27 gricultural Yes 2m3
"L8 "A 12 Drilling well North .S.A | 152882 101115 859 27 gricultural Yes 2m3
FC:9>C"#"A 13 Drilling well North .S.A | 152918 101211 848 23 gricultural Yes 3m3
M= N4 OPQ#"A 14 Drilling well North .S.A | 152934 101370 843 25 gricultural Yes 1m3
="DJ K/8C 8714 "A 15 Drilling well North .S.A | 152955 101243 849 27 gricultural Yes 2m3
KC'@4 >R!S"l "A 16 Drilling well North .S.A | 152954 101240 845 25 gricultural Yes 1.5m3
KC'@4 >R!S"l "A 17 Drilling well North .S.A | 152979 101231 846 27 gricultural Yes 1m3
KC'@4 >R!S" "A 18 Drilling well North .S.A | 153020 101196 852 27 gricultural NO
0O) 4 T\UHV/B#"A 19 Drilling well North .S.A | 153066 101243 844 35 gricultural Yes 1m3
0) 4 TYUHV/B#"A 20 Drilling well North .S.A | 153086 101191 845 32 gricultural Yes 4m3
< W)DX"A 21 Drilling well North .S.A | 153247 101089 843 28 gricultural Yes 0.5m3
Y E08J:CJ"A 22 Drilling well North .S.A | 153335 101160 841 25 gricultural Yes 6m3
Y E08J:CJ"A 23 Drilling well North .S.A | 153310 101201 841 30 gricultural NO




Y E08J:CJ"A 24 Drilling well North .S.A | 153294 101256 837 35 gricultural Yes 6m3
T)9 L T)UH"A 25 Drilling well North .S.A | 153306 101153 844 27 gricultural Yes 5m3
1#ZE: LM:;#"A 26 Drilling well North .S.A | 153369 101155 850 37 gricultural Yes 2m3
:C.L C<4 +J"A 27 Drilling well North .S.A | 153334 101196 842 30 gricultural Yes 2m3
C.L C<4 +J"A 28 Drilling well North .S.A | 153336 101209 841 33 gricultural Yes 4m3
C.L C<#J"A 29 Drilling well North .S.A | 153337 101210 841 36 gricultural Yes 2m3
:C.L C<4 :+J"A 30 Open dug well North .S.A] 153361 101205 840 13 gricdultural No
KC'@4 S" "A 31 Drilling well North .S.A | 153319 101225 839 30 gricultural No
TCO=0=J:D#"A 32 Drilling well North .S.A | 153347 101266 836 30 gricultural No
TCO0=0 0*4 :+["A 33 Open dug well North .S.A] 153328 101331 827 8 richdtural Yes 5m3
0O) 4 T)9L\"A 34 Open dug well North .S.A] 153313 101332 838 7 richdtural Yes 6m3
WI]8C 0*4 +JE ) 35 Open dug well North .S.A] 153214 101382 849 8 richdgural Yes 6m3
T)9 L VU)J"A 36 Open dug well North .S.A] 1532%6 101215 835 8 richdtural Yes 2m3
T)9 L V/8#"A 37 Drilling well North .S.A | 153159 101323 838 35 gricultural Yes 1m3
KC'@4 >R!"A 38 Spring North .S.A| 153113 101363 840 8 Agriaaltu | Yes 6m3
T)9L V/8#"A 39 Drilling well North .S.A | 153158 101324 838 35 gricultural Yes 1.5m3
;D4 +J C<4 +J"A 40 Open dug well North .S.A] 154076 101135 812 31 gricultural Yes 2m3
E 8DP4 " +Q#"A 41 Open dug well North .S.A] 154093 101150 814 8 richdtural Yes 5m3
MO 84 "A 42 Open dug well North .S.A] 154097 101141 823 8 richdgural No
;D4 +J C<4 +J"4
="DJ 43 Open dug well North .S.A] 154049 101145 811 5 richdgural No
_C=:4 >2U#\0J"A 44 Open dug well North .S.A] 154033 101146 811 9 richgtural Yes 5m3
_C=:4 >2U#\0J"A 45 Open dug well North .S.A|] 153995 101114 811 9 richdtural Yes 3m3
>C:*4 ((H"A 46 Open dug well North .S.A] 154106 101106 813 0 richdtural No --
(GH~a"A 47 Open dug well North .S.A] 154158 101149 824 9 richdgtural Yes 2m3
(GH 2J"A 49 Open dug well North .S.A] 154168 101119 815 6 richgtural Yes 1m3




(GH 2J"A 50 Open dug well North .S.A] 154166 101102 811 8 richdgural Yes 1m3

(GH 2J"A 51 Open dug well North .S.A] 154149 101089 810 8 richdgural Yes 8m3
="DJTUH :D#\Db"A 52 Open dug well North .S.A| 153739 101144 826 7 richgtural No
="DJTUH :D#\Db"A 53 Open dug well North .S.A] 153688 101132 826 6 richgtural No
"Q] T)UH :D # TUH 54 Open dug well North .S.A] 153647 101186 825 7 richdgural No
c),?:L :D#"A 55 Drilling well North .S.A | 153461 101254 829 25 gricultural No

c),?:L :D#"A 56 Drilling well North .S.A | 153419 101213 835 22 gricultural Yes 5m3

KC'@4 4 X"A 57 Open dug well Meddal.S.A 153436 101395 835 9 ricgfural Yes 5m3

KC'@4 :D#"A 58 Open dug well Meddal.S.A 153459 101360 834 10 grichltural Yes 1m3

E 8DP4 "A 59 Open dug well Meddal.S.A 153515 101355 836 ricfural Yes 1m3

E 8DP4 "A 60 Open dug well Meddal.S.A 153479 101289 838 ricgfural Yes 1m3
BBBBBBB 61 Drilling well Meddal.S.A| 153477 101287 840 -- gricultural Yes

BBBBBRB 62 Open Well Meddal.S.A' 153464 1012B9 837 7 Adtical Yes 2m3

(C:2+4 d L"A 63 Open Well Meddal.S.A' 153530 101249 839 12 Adtical Yes 1m3

Z B"L8 "A 64 Open Well Meddal.S.A 153595 1013P6 834 10 Adtical Yes 2m3
e+C"4 "A 65 Open Well Meddal.S.A 153665 101341 830 9 Adtical No

="DJ TUH "DJ "A 66 Open Well Meddal.S.A 153634 101258 834 10 Adtical Yes 3m3

("+4 "A 67 Open Well Meddal.S.A' 153635 101291 832 8 Adtical Yes 4m3

>C:*4Z B"L8 "A 68 Open Well Meddal.S.A 153537 1012p5 835 11 Adtiral Yes 1m3

of'[ "Q] "A 69 Open Well Meddal.S.A' 153483 1011B2 838 12 Adtical Yes 2m3

(G"@4 "#"A 70 Spring Meddal.S.A] 154527 101016 806 6 Agrigaltu | Yes 2m3

M0 84 (3+/ 71 Spring Meddal.S.A] 154490 101084 804 0.5 Agtigal Yes 0.5

MO 84 (3+/ 72 Spring Meddal.S.A] 154443 101057 810 0.5 Agtigal Yes 0.5

MO 84 (3+/ 73 Spring Meddal.S.A] 154401 101055 810 Agricaltu | Yes 1m3

="DJ"A 74 Open Well Meddal.S.A' 154381 101061 815 Adtical Yes 1m3




="DJ\ D! (<+] 75 Open Well Meddal.S.A 154593 1009p8 805 Adtical Yes 10m3
="DJ\ D! (<+] 76 Open Well Meddal.S.A 154637 10090D7 805 Adtical Yes 11m3
:)]Z8 TDH"4 :+J:D#['A 77 Open Well Meddal.S.A' 154657 1008P6 806 10 Adtical Yes 3m3
f8b"4 EO8JW]BC :D# 78 Open Well Meddal.S.A' 154714 100845 814 Adtical Yes 2m3
f8b "+b K/8C 79 Open Well Meddal.S.A 154719 1008B7 815 Adtucal Yes 1m3
="DJT)UH D # 80 Drilling well Meddal.S.A| 154584 100736 787 Agitural Yes 3m3
="DJ T)UH :D # 81 Drilling well Meddal.S.A| 154578 100741 791 Agrtural Yes 4m3
"DJ K/8C 87!:4 "A 82 Drilling well Meddal.S.A| 154553 100758 798 35 grieultural Yes 3m3
Z ?2:9J"A 83 Drilling well Meddal.S.A| 154538 100730 798 Agitural Yes 3m3
Z ?2hC "A 84 Drilling well Meddal.S.A| 154521 100737 805 Agrtural Yes 3m3
="DJ"DJ"A 85 Open Well Meddal.S.A' 154497 100756 800 12 Adtical Yes 3m3
d+/8 CG6"A 86 Open Well Meddal.S.A 154464 1007[73 802 10 Adtical NO
c),? 08D # "A 87 Open Well Meddal.S.A' 154452 10078 800 10 Adtical NO
d+/8 CG6"A 88 Open Well South.S.A| 154489 100792 796 5 Agtiral NO
U4 ="DJ:)4="A 89 Open Well South.S.A| 154559 100697 815 12 Adjuical Yes 6m3
="DJ)4= "A 90 Open Well South.S.A| 154577 100692 804 4 Agnical Yes 4m3
="DJ :)4= "A 91 Open Well South.S.A| 154590 1006[76 799 Agtical Yes 3m3
?"@4 >C:*4 "A+4 92 Open Well South.S.A| 154599 100671 793 Agtical Yes 2m3
j'@4 "A 93 Open Well South.S.A| 154603 100659 798 6 Agrical Yes 1m3
:C4 (I"+4 "A 94 Open Well South.S.A| 154624 100644 794 10 Adjucal Yes 6m3
f8b k8CO T)J "A 95 Open Well South.S.A| 154807 100799 805 7 Agtiral NO
f8b"4 E08J Y :+J 96 Open Well South.S.A| 154823 100774 803 4 Agical Yes 5m3
f8b"4 (<+]"A 97 Open Well South.S.A| 154889 100747 812 6 Agrical Yes 2m3
f8b"4 k 8C0O "A 98 Open Well South.S.A| 154935 100736 810 5 Agtical Yes 2m3
f8b"4 E08J "A 99 Open Well South.S.A| 1549685 100705 816 5 Agrical Yes 2m3




J o1 ("4 (<+] 100 Open Well South.S.A| 154929 100692 822 4 Adjucal Yes 1m3
(DC:*4 T)<4 (<+]| 101 Open Well South.S.A| 154979 100645 808 5 Adftical NO
f8h"4 E08J :D # ")U)- "A 102 Open Well South.S.A| 154962 100565 806 6 Adirical Yes 1m3
KC'@4 T)J 103 Open Well South.S.A 154687 100217 796 2 Adjrical NO
KC'@4 EZ ] 104 Open Well South.S.A 154623 100338 804 8 Adjrical Yes 1m3
KC'@4 ]19"A 105 Drilling well South.S.A 154920 100257 785 igitural Yes
< 4 X"A 106 Open Well South.S.A| 155027 100171 786 Agtiral Yes
f8PH "3Q4 "A 107 Open Well South.S.A 154983 100083 773 14 Adjrical Yes 1m3
M 084 "A 108 Open Well South.S.A 154961 100036 771 Agtical Yes
="DJ"'A 109 Drilling well South.S.A | 154981 9998b 761 Aoritural Yes
="DJ"A 110 Drilling well South.S.A | 154952 9997H 763 Axritural Yes
8;mD4 EO0O=8<4 "A 111 Open Well South.S.A 155022 99710 805 8 Agtical NO
TCO0=0 8] "A 112 Open Well South.S.A| 155072 99623 754 30 Adjrical Yes 4m3
(+4:4 T)J 113 Spring South.S.A| 154847 99116 785 3 Agricaltur| Yes 50m3
8n4 "A 114A Well South.S.A 156197 9820y 718 100.5 Domesti | Yes 432m3
8n4 "A 114 B Well South.S.A 156237 98202 720 100 Domestiq Yes 360m3
="DJ F2G "A 115 Dug well Al Majnonh| 154447 99004 773 5 Agrtoudl Yes 4m3
(]8P;D4 (<+] 116 Spring Al Majnonh| 154394 99124 777 Agr -Dome Yes 10m3
(]8P;D4 I<+] 117 Dug well Al Majnonh| 154391 99090 780 6 Agricudl Yes 4m3
="DJ 118 Dug well Al Majnonh| 154300 99014 773 5 Agricudl Yes 4m3
(@)n? 119 Drilling well Al Hijra 155946| 99537 773 27 Agultural Yes 3m3
(@)n? 120 Drilling well AlHira | 155842 99647 782 28 Agricultural | yeg 3m3
TCO0=0fmC 121 Drilling well Al Hijra | 155872 99586 775 30 Agricultural | yeg 3m3
TC0=0 f mC 122 Drilling well Al Hira | 155813| 99602 773 31 Agricultural | yeg 3m3
(? @#"IC 123 Drilling well Al Hijra | 155749 99688 784 30 Agricultural | yeg 4m3
(? @#"IC 124 Drilling well Al Hira | 155792| 99672 784 30 Agricultural | yeg 3m3




Agricultural

(? @# 1)2X 125 | Drilling well Al Hira | 155603| 99733 790 30 Yes 5m3
#= D# 126 Dug well Al Hira | 155699 99616 772 20 Agricultural | g
S*#8 127 Dug well Al Hijra | 155697 99674 773 23 Agricultural | ygg 5m3
S48 128 Dug well AlHijra | 155641 9968( 781 22 Agricultural | ygg 5m3
S*# 8 129 Drilling well Al Hira | 155649 99616 773 30 Agricultural | yeg 3m3
S48 130 Drilling well Al Hijra | 155627| 99592 772 30 Agricultural | ygg 3m3
S8 X 131 Drilling well Al Hira | 155658/ 99580 769 17 Agricultural | yeg 5m3
TCO=0:4X:D# | 132 Drilling well Al Hijra | 155678 99576 768 30 Agricultural | ygg 3m3
TC0=0S"/ 133 Drilling well Al Hijra | 155638/ 99553 768 30 Agricultural | ygg 3m3
S*8 K/8C 134 Drilling well Al Hira | 155618/ 99560 770 30 Agricultural | yeg 3m3
S*#8 K/8C 135 Drilling well Al Hijra | 155604/ 99550 770 30 Agricultural | yeg 3m3
S*#8 K/8C 136 Dug well Al Hira | 155546 99531 773 19 Agricultural | yeg 3m3
TCO0=0:D#0C 137 Dug well AlHijra | 155564 9952( 770 16 Agricultural | yeg 6m3
TC0=00"6 138 Drilling well Al Hijra | 155457| 99472 771 30 Agricultural | yeg 3m3
TC0=00"6 139 Drilling well Al Hijra | 155449 99468 771 30 Agricultural | ygg 3m3
TC0=00"6 140 Dug well AlHijra | 155398 99444 771 9 Agricultural | yeg 5m3
(+4:4 T)J 141 Spring Al Hijra 155533 99374 760 10 Agr -Dome Yes 12m3
="DJ :DH 142 Dug well Wad Sweety 152778 100201 865 7 AgmB | Yes 3m3
="DJ\ Db 143 Dug well Wad Sweety 152737 100173 862 7 AgmB | Yes 5m3
‘L8 Y :+] 144 Dug well Wad Sweety 152834 100121 852 7 AgmB | Yes 5m3
E 8DP4 ") # 145 Dug well Wad Sweety 152583 99991 838 12 AgmB | Yes 5m3
E 8DP4 ")# 146 Dug well Wad Sweety 152532 99993 839 12 Agmp Yes 5m3
E DP4 ") # 147 Dug well Wad Sweety 152524 99927 835 12 AgmB | Yes 5m3
E 8DP4 K),24 :+J| 148 Dug well Wad Sweety 152499 99966 837 12 Agrmrb Yes 5m3
E 8DP4 k ="# 149 Dug well Wad Sweety 152427 100008 841 13 Bgree | Yes 5m3
="DJ\ Db 150 Dug well Wad Sweety 152472 99982 840 14 Agm® | Yes 5m3




"L8 p 151 Dug well Wad Sweety 152497 99807 836 8 Agmaeo | Yes 5m3

q X V/8# :D# 152 Dug well Al Majoor | 153171 99717 821 6 Agr -Dem | Yes 5m3
qX:)</ 153 Dug well Al Majoor | 153165 99783 827 6 Agr -Dem | Yes 5m3
="DJ IG 154 Dug well Al Majoor | 153055 998483 827 6 Agr -Dem | Yes 5m3

< T)# 155 Dug well Al Majoor | 153414 99797 814 6 Agr -Dem | Yes 5m3

< 08D # 156 Dug well Al Majoor | 153280 99824 821 6 Agr -Dem | Yes 5m3
="DJ K/8C \ Db 157 Dug well Al Majoor | 152760 99917 826 9 Agr -Dem | Yes 5m3
="DJ K/8C\ Db 158 Dug well Al Majoor | 152808 99933 826 9 Agr -Dem | Yes 5m3
WC:C"n4 k8)J (<+] 159 Spring Al Majoor | 152718 99871 824 1 Agr -Domg Yes 3m3




Appendix 4: Coordination of Pollution Sources in tke Study Area

Name ID Type Location East North

Al janob comp- G.S 1 G.S N.E 155460 101226
Dura comp- G.S 2 G.S Central 153347 101520
Yamane Sharawna G. G.S wW 152745 101814
Al Fawwar G.S 4 G.S E 155377 99302
Al janob O.M 5 o.M Central 15391y 101239
Aljamaia 6 oM E 155369 98718
Loley Comp 6 I.C Central 1539156 101295




Appendix 5: Photos for Pollution Sources in the Catchment.
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Appendix 6: Nitrate Concentration during the Period of (198804) in Al- Fawwar
Wells 1 & 2.
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