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ABSTRACT

Assessment of Water Pollution Indicators for the Springs and Wells
of Wadi Abu al-Qamrs Watershed
By: EMJAHED AL-SHOBAKI JAMAL SARAHEEN
MONTHER SWAITI
P"alestine Polytechnic [ niversity
Supervisors:
Env. Eng. Wael Awadallah

Dr. Majed Abu Sharkh

Water quality is a concept referring to the chemical, hiclogical and physical characteristica
of the watcr. The required water quality is determined by the purpase for which the water is
o be used (domestic, urban. agricultural or industrial). The evaluation of the warer. for any
purpose, is based on the characteristios of the warer,%mnarud 0 a standard for that larger
use, By “standard™ is meant the concentration of 4 constituent which causes no negative

effect to the health of the consumer aver the life of’ consumption (i.e. WHO),

Springs in the Hebron District are an important source of water for domestic as well az
irrigation purposes. Previous investigators (Awadallah and Owaiwi, 2005) reported that the
District contains springs/dug wells that discharge, annually, more than 2 million cuhie

meters of water. In some Palestinian communitics a spring is the only sourcs of water.

This study is ol considerable importance as it will discuss in details the springs {dug wells)
of Wadi Abu al-Qamra, an area located to the south of Dura City in the south-wesiern part of
the Hebran District, The Wadi discharge, interms of springs and dug wells, besides its water

quality parameters will he measurad or assessed.

Our study indicated that the Wadi has 61 springs (and dug wells) which sre mostly of private
ownership. Also most of the available water in the ares comes trom dug wells rather than
expased spring. This means that penple draw the water mainly by pumping In the whote

catchments, 17 and 44 wells are exisling.




I'he (315 mapping of the project meluded dischargs, water use. location. catchment boundary
and topography, and aerial photo digitizing for the Wadi. Also it incloded mapping and
classifving the water quality data using diflerem criteria. The GIS mupping shows that mosi
of the springs (dug wells) are located in the northwestern part of the Wadi calchment,
Exposed springs are existing at low topographic levels and at the middle of the calchment
with elevations approaching the least values over the Wadi section. The Wadi upstream is
located at the northwestern area of the Wadi, while the Wadi downstream is at the

southeasrern part and this indicates the flow direction.

The study clearly demonstrated that, irrigation is the daminant water use. Although, drinking
and other uses are available. but they arc only of minor importance.

In fact, the Wadi path surrounding areas is the main irigated arable land in Dura City and is
used for vegetables production

The discharge of the springs (dug wells), expressed as 4 classes in the GIS mapping. is
mostly within the range of (1-3) and (3-10) me/d. Only fow springs and wells were exceeding
a discharge value of 15 m'/d. The overall discharge of the Wadi's springs and dug wells is al
a value of 131,000m’ fvear,

In this pruject we moasured chloride (CT), MNitrate (NO3T), pH, Dissolved Oxygen (DO},
Electrical conductivity (EC) and salinity (SAL).

e important stage in this project. measured chloride and nitrate for different springs
(wells) and used to assess pollution effects cither coming from agricultural sources or
sewage from residential sources. The GIS mapping of this stage showing spatial
classification of the springs (and dug wells), water quality classes according o NO3 & Cl
levels and acceptable/non acceptable water for drinking.

Based on our water quality resulls, we observed nitmate values of 212.8=129 (mg/l)
faverage  standard deviation). The nitrate values vary from 0.5 1w 431.0 me!l for the
wells/springs. This larpe range of nitrate value reflecrs the variations in the factors affacting

the Wadi water quality which ¢hange along and across the Wadi.

Chloride values for the wells/springs were 98.1£54.2 my/l and fall within the range 84 w
248.7 mg/l. It°s clear that nitrate is more effected by land wse changes rather than chloride.
The electrical conduetivity and TDS of the warer of différent wells/springs were with values

of 890.9 + 705.9 psfem, 770.2 + 325.1 mp/l, respectively

The pH values of the water of the different wells/springs were al 7.9 = 0.5 while DO the

valne was mostly > 6.0 ma/l indicating nerobic water type. This is due to continuous aeration



af the water stared in the water — bearing reck formation due o fractures and chanmels in the
rocks.

The GIS mapping revealed that the most polluted springsfwells are available ar the Wadi

upstream and those close to residential areas. Sewage and fertilizers (manure) are the main

pollution sources.
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CHAPTER 1 INTRODUCTION

CHAPTER ONE

Introduction

1.1 General

Water quality is a concept referring 1o the chemieal, bivlogical and physical
characterisiics of the water. Accurate and reliable waler quality data are required 1o
characterize ground water for use m resource management, Generally speaking. a

certain water gualily should comply with the standards of the targel water use.

A spring's water quality is determined by severul factars, These include the chemical
composition of the water entering the aquifer, the composilion and solubility of the
rucks with which the water comes into contact along flow paths. the length of time
the walter is in contact with the rocks as it moves from recharge o discharge areas,

and the mixing of Iresh groundwater with residual formation water or scawaler.

Land use aetivities in a spring's recharge basin and the up coning of poorer quality
waler [rom deeper zones due to groundwater withdrawals may also impact water
quality, This study deals with the variztion of water quality for the springs along
Wadi Abu al-Qamrah in Dura ares.

1.2 Background

Springs constitute major sources of domestic and irri gation water for many villages
in the West Bank. Villages not connected 1o municipal water are depending on spring
water on their living, Most of these springs are iynored and water losses are hi uh

such as Water losses by evaporation and percalation through the ground.
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In Hebron District. there are more than 170 springs with an average discharge
exceeding 0.01 liter/séc. These springs are used for domestic and irrigation purposcs.

Many of the springs zre available in Dura area and specially in Wadi Abu al-Qamrah.

ln the project area, springs are the major source of water for irrigation purpose, in
which water quality should be good and suitable for agriculture use the evalustion of
the water, for any purpose, is based on the characteristics of the water compared 1o
standards for that use. Detailed information concerning water quality and related
issues, for (he study area, is lacking, Therefure, this study is conducted to investigate

water quality of Wadi Abu al-Qamrah springs in Dura arsa of the Hebron District.

1.3 Previous Studies:

Adul-Taber and Aliewi (1994-1997) carried out several studies to cvaluats the water
qualily af springs in north and central of the West Bank. They showed that the
springs, in general, are suitable for domestic purposes from the chemical point of
view 2ad can he relied on for any furure development. In the stady of the effect of
contamination from wastewater on the shallow aquifer, they concluded that most of
the springs and wells within the heavily populated areas were probably contaminaed
with wastewater through infiltration from septic tanks and the flowing sewags

STCaImas.

Aba Sharki (1995) in the unpublished study for University Graduates Union
cvaluzted the water quality of the springs of Hebron City, Hs concluded that most of

the springs arc contzamizated with coliform snd safe from the chemical point of view.

Abed Rabbo ef al (1995) presented the results of a smdy of the biological

~haracteristics of the networks, cisterns, and springs in Nablus, Jenin, Qalgiliya, and




CHAPTER 1 INTRODUCTION

Tulkarm areas, based on coliform testing, The study showed that about one third of
these water resources are free of coliform cortamination and thus satisfactory [or
drinking. according to the World Heslth Urganization guidelines (WHOQ, 1993),
Abed Rabbo ef af, (1999) prasented the results of an extensive study of springs and
wells throughow the West Bank. The study aimed 10 determine. the levels of
hiological and chemical pollution and recommended mesns of improving the

Situationm,

1.4 Problem Identification:

Most of the Wadi springs/wells have not been covered in previous studies, Also the
Wadi is a wajor economical and income site for Dura acea due to it role in the food-
security of the areqa because its water and land ape enabling the production of

signifieant sericultural (vegetables) products.

Awadallah and Owaiwi (2005) carried oul a comprehensive study on the
hydrogeclogy and hydrochemistry of the springs and dug wells of the Hehros
Districts. The study concluded thut the ehemical composilion of the springs and dug
welis are mostly coping within the stundards with regard to the following pammeters:
PH. torbidity, EC, Cl, TDS, salinity, DO. hardness. TSS, T8, Na, K., Cu, Mg, NH,.
HCO,, and POy The study showed thar palluted dug wells and springs are mostly

locared in the residential unsewered areas where direel contaminations from seplave

tlaxe place.
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1.5 Objectives of the Project:

Springs, in the West Bank, arc an imporant source of water for domestic and
mrigation purpeses, This project concerned with the quality of the springs water n
the project arca. The pencral objective of this study is to evaluaie the water quality of
springs discharging alongy Wadi Abu al-Quamrah tn Dura ares, Move specifically, the

main ebjectives of the present study may be classificd as follows:-

- Determine the concentrations of chloride and nitrate in the waler of dillerent
springs/dug wells in the study area. This is because both of these constituents are
importent o mdicate agncultural or domestic sources of pollution.

- Provide an overall picture of the water quality of springs in the Wadi.

- Delermine the physical characteristics of spring's water, such as pll value, electrical
concuetivity, total dissolved solid.

- Determine the binlogical characteristics of spring water using the toral coliform

hacteria as an indicator,

FEvaluare the suitability of the water for agricultural and demestic purposas

- ldentity the catchment's boundaries and spring location by means of the GI'S

Genarate o GIS mapping and data base for the Wadi spatial data as well a5 water
guality and hydraulic dats will be used to generate multi-layer mapping by GIS

PID_L;I'FI L.

Ilenlity sources ol pollution in the Wadi.

- (Give sugpestions and recommendations with respect to the improving of the

quality, and protecting of springs water sources.

5
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1.6 The Project Area:

The study zrea, named Wadi Abu al-Qanirah. is located in Dura City ol the Hebron
area which will known later as Wadi Abu al-Qamral waltershed. The watershed is
siluated between latitude 83-120 N and 138-183 E referenced on the Palesumian Grid
in caslern Dura city, with an elevation ranging from 700-800 m {above Seu Level)
and cxtended over a total areéa of 0.5 square kilometer, The watershed receives an
average annual rainfall of 450 mm with more than 90% of the rainfall received
during the winter season (November- March). The minimum and maximum
lemperature varies i the range of 10 °C o 25 C. The soils ol the watershed are
characterized by light sandy to clay loam, and the major land use/cover patterns in

the watershed are; agricultural and residential,
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1.7 Work plan

Fimt Semester 2006 M Second Semester 2007
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I.8 Organization of the report;

The subject matter of the project I8 presemied in six chaprers. The fum chapter
entitled "Introduction” vutlines the subject, objectives of the project, summary about
previous studies, project area. and the organization of the report. I'he seeond chapter
entitled "Litcralure Review" explains the phyvsical, chemical and biolugical
Characleristics of water, and guality of water required for domestic uses and
mmigation. Chapter three "Fieldwork and Metliods" discusses the detailed methods
and tools used in this study. It discusses the used of GP'S and GIS as tools for
analyzing and interpreting the data, The fieldwork, the laboratory methods are also
discussed rthere, Chapter four "Description the study Arca discusses different feanurcs
and characteristics ol the study arca”. Chapter five enritled "Results” presents the
spatial datn and the GIS mapping achieved at this stage of the study and chapter six

contains conclusions and recommendations.
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Literature Review
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CHAPTER TWO

Literature Review

2.1 Hydrological Background

The meaning af the hvdrologie cvele is the circulation of water evaporated from the
oceans. seas and the land surface, its transporl through the atmosphere to the land
and its return to the oceans via surface and atmospheric routes. Although called a
cvele, the process is much more complex than a mere cycle. All Kinds of short cuts

and parallel processes take place.

The rate at which rain falls over an area and ils duration are ol unportance. The rain
duration equal to the lime of concentration, or the time required for the walter 1o Tun
from the farlhest part of the carchment to the point in question. Lhis (s critical, since
the shorter the duration of a rainlull, the greater may be its average intensity. |he
greatest intensity to be expected for the critical duration theretore will produce the

greatest nanotf,

Of the precipitation upon a certain catchment area:

- some runs o immediately to appear in streams or fload How
- some evaporates from land and water surfaces
- some. the snow. remains where it falls, with some evaporation, until il melly
- sume. known as interception, is caught on leaves ol vegelation and evaporates
- some termed infiliration, seeps into the ground. OF the infilration:
= o part is taken up by vegetation and transpired through the

leaves
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*  some percolales through the soil o emerge again o form
springs and streams which make up the dry weather Now

» a part1s held by the capillarity of the soil

* while small portion may penetrale intw deep porous

underground strara.

Simply, runofl is the flow of rainwater over the surface and ocewrs when raintall
intensity is greater than the soil infiltration capacity. The factors that affect run-off
rate are numerous and interrelated, OF these, the rainfall s most important, The total
precipitation and its disuibution are important sincs rains oceurting during the
growing season for vegetation. Solar radiation and iis varistion on the watershed will
atfect evaporation. The amount and type of vegelative cover affect infiltration and
loss of water by evaporranspiration. The topography of the area. its degree of
roughness and slope. The geology of the area, including the perviousness or
impervidusness of the sobiermancan formations, s imporient. Runoff can be

measured by several methods among them is the plot method.

Infiliration rates depend on several factors, the more important of which are

discussed below.

Rainfall characteristics: a small rainfall may all be abgorbed and produce no runott.

Heavy rains impaet the scil surface by impact of the raindrops and reduce entrance

ard gause erosion.

Seil characteristics, the smaller the pore size in the topscil, the smuller will he

nfiltration. Small soil particles, as in elay, mean small pores, while sand or gravel is

at the other extreme. Mixtute of fine and coarse tends 1o pack and reduce pore size.

T'he Soil cover ar the type of surface cover is important in several ways, I prolects
¢ soil from compaction by rain and also provides detention on the surface and

therehy increases infiltration opportuniry.
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Infillcation capacity is defined as the maximuin rate al which a given soil at a4 given
condition can absarb rain ag it rains. Thus the capacity will be equal to an abserved
rate of infiltration in the rainfall intensity equals or exceeds it. Runo (1 acenrs if the

rainfall intensity exceeds the infiltration capacity.

Sail moistre is the term used Lo water trapped in the soil by molecular atlraction
forges.. Soil meisture moves under the influence of the gravitational fores and the

foree resulting Irom the difference in capillary action.

Lvaporation ¢an be measured by the pan method., Cvapetranspiration 13 the total

ameunt of water taken up by vegetation sor transpiration and building of plant ligsue

and the evaporation of the soil moisture. during Lhe growing ot some particular crop

(Awadallah and Wishahi, 2004).

12




CHAPTER 2 Literaturc Review

The general slobal hydrologic cycle can simply be represented schematically as
shown in Figure (2.1).

* Transport

Eandnnsai.inn‘
Y n—

L
LR

ﬁ'«'&@.@g;mbn
1 \\I 11\\ .

N \

s— A

Transpiration

.v— ¥ 4 J
= ol N i

Uptake
Groundwaler Flow

Figure (2.1): Movement of Water through the Hydrologic Cycle

Source of the figure: [45].
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For the West Bank area. an overall water balance was reported by Rofe and Raffety
(1963) and shows that {he actual evaporation. infiltration and surface runol¥ represent
60.9%, 26.8% and 6.3% of the annual rainfull, respectively. These data are
represented in Figure (2.2),

Legend
O Eveporation
| @ Tnfiltration |

| O Kool

Figure (2.2): Water Balance
Source of the figure: [45).

2.2 Groundwater

It is well-kinown that minor amounts of the carth's water are considered as accessible-
freshwater. This fresh water is either a surface-waler, a groundwater or blocked in
glaciers as ice. Groundwater is found in natural rock formations. These formations,

called aguifers, are a vital natyral resource with many uses,

World widely, groundwater is the most important and erucial water source and is g

development-limiting factor,
Where water infilirates the ground, gravity pulls the water down through the porcs

until it reaches a depth in the pround where all of the < paces are filled with water. At
this point, the soil or rock fractures become saturated, and the water leval which

14
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results is called the water tahie. The water table is not always at the same depth
below the land surface. During periods ol high precipitation, the water table can rise.
Convessely, during periods of low precipitation and high evapotranspiralion. the
water table falls. The urea below the waler table is called the saturated zone, and the
water in the saturated zone is called groundwater. The area above the water Luble is

the unsaturared zone.

Groundwater is found in uquifers which consist of soil or rock in the satwrated zone
that can vield significant amounts of water. In an unconfined aquifer the top of the
aquiler is defined by the water table. Confined ayuifers are bound on the lop by
impermesble material, such as clay. Water in a confined aguiler is normally under
pressure and can cause the water level in a well 1o nse above the water wble. If the
water rises above the ground surface it is designated a flowing artesian well.

‘ater maving from an aquifer and entering a stream or lake is called groundwater

discharge, whercas any waler entering an aquifer is culled recharge [22].

2.3 Springs and Shallow (hand-dug) wells:

2.3.1 Wells with focus on dug-well type:

The most common types of wells are named by the method used 1o construct them;
ie., drilled, jetted, driven, dug, or bored. Since constructing a well exposes the
uronndwater spurce 1w surface a5 well as subsurface conlaminants, inatallation must

be carefully donc,
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Mg welis (Figure 2.3) are constructed with hand or power tals. e usually 3-30
[eet in diameter and less than 50 [eet deep, which may result in an inadequate supply
of water during dry peticds. It sand mixed with clay and silt surrounds the well, 2

lerger storage area can he provided to avoid water shortages,

overlipping locking cenve

—

groundd surface

tnsaursied
i,

b BoLes

L

saterated
i bl o

"\-._;'F
™

— pedorated pipe

4

|:‘EE| &

E EF nak

Figure 2.3: Dug well schematic disgram
Source of the figure: [45).

2.3.2 Springs

Typically, springs tap a shallow groundwater source with a variable flow rate (Tigure
=4). To be vsed us a drinking water source, (wo eriteria must be met. First, the spring
must provide adequate, good-quality water to meet household needs throughout the
year. The origin of a spring is difficult o determine bur ideally, better springs are
those emerging from rock formations. It is desirable w0 ask the loeal health
department to do a sanitary survey ol the area belore developing a spring, This
imspection should deteet any present and future henlth hazards in the vieinity of the
spring. Protection is the second requiremnent for proper spring development. Since the

SPring’s source is at a higher elevation than its cutflow. protecring this source is vital,

16
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Surfzce water runofl should be divertad by constructing a curtzin drain or beam
upstream of the spring, The arca should be fenced to prevent amimals from
contaminating the spring source. Yearly water testing for voliform bacteria is
necessary to monitor rthe sanitary condition of the spring. The ancasement
surrounding a spring should be watertight, open al the bottom, and have a heavy.
averlapping lid to prevent surface contamination of the reservoir. There should be an
entry point to facilitate inspection, cleaning, and emplying the spring box. In
addition. the spring bex chould ke equipped with a down-facing, screened overtlow
pipe and be surrounded by a concrete apron on ground sloping (Cormell Cooperative
Exlénsion, 1991). We can say that springs cierge at the roeks contact Zones when
fracturad upper rock strata meets impervious rock strata. Springs appear when the
witer table meets the ground level and therefore they may only need a cateh-Dasm to

collect the water and pump it
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Figure 2.4: Spring schematic diagram
Source of the fipure: [45].
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2.3.3 Fuctors affecting spring/well discharge

Groundwaler und surface water wre nol wsoluted components of the hvdrolopic
system, but instead interact in a varicty of phyvsiographic and climatic landscapes.
Thus, development or contamination of one commonly affects the other, Therefore,
an understanding ol the basic principles ol interactions between groundwater and
surface warer (GW-SW) 15 needed for effective management of watcr resources.

In recent years, as Winter (1993) points out. studies of GW -SW interactions have
expanded in scope to include studies of headwater streams, lakes, wetlunds, and
estuaries,

The intersction between proundwater and lakes has been studicd sinee the 19605
because ol concerns related to eutrophication as well 25 acid min. To understand
GW-SW interactions, it is neccssary to understand the effeets of whal Tath (1970)
citlls the “hydrogeologic environment”™ on groundwater flow systems — that is, the

cffects of topography, geology, and climate.

Differences in surface topography are often mirrored by ditferences in potential As
Hubben (1940) shows, given a really umform precipitation and infiltration rawe over
an undulating surface. a groundwater tlow system will develop driven by a water-
table surface that is a subdued replica of the land surface. The resulting groundwater
flow pattern is not enly controlled by the configuration of the water table but also by
tic distmbulion of hvdraulic conductivity in the rocks, In addition (o pographic and
gealogic effecrs, proundwater flow is affected by climate (precipitation being the
source of recharge). Groundwaler moves along [low paths that are arganized in space
and form a flow system. In nawure. the available subsurface flow domain of a region
with irregular wpography contains multiple flow systems of different orders of
magnitude and relative, nested hierarchical order. Based on thelr relative position in
space, Toth (1963) recopnizes three distinet types of flow svetems — logal

idernediate, and regional — which could be superimposed on ene another within s

18
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groundwater basin, Water in a local flow system flows to a nearby discharge area,
such as a pond or stream. Water in a regional flow system ravels a greater distance
than the local Oow system. and often discharges to major rivers, Jarge lakes, or 1o
oeeans. An nermediate flow system is chacacterized by one or more 1opographic
highs and lows located between its recharge and discharge aress, bul, unlike the
regional flow system, it does not cecupy both the major topographic high and the
bottom of the bkasin. Regional flow systems zre al the top of the hierarchicel

organization, all other ow syslems are nested within them.

Flow systems depend on hoth the hydrogeolegic characteristics of the suil/rock
material and landseape position. Zones of high permeahility in the subsuiface
function as drains, which cause enhanced downward gradients in the malerial
overlying the upgradient part of the high-permeability zone (Freeze and Witherspoon
1967), Areas of pronounced topogrephbic relief tend to have dominant local flow
systewns, and areas ol nearly flat reliel tend to have dominanr intermediate and

regional flow systems.

In topographyv-controlled How regimes, groundwaler maves in systems of predictable
patterns, and various identifiable natural phenomena are regularly associated with

differant segments of the flow svstems.

2.3.4 Pumpinyg effect on water level

In water wells, the remaoval of water on a econtinuous basis results in g drop in water
leve] from the static (non-pumping) level Lo the dynamic (pumping) level. This drop
in water level 15 a manifestation of he drop In pressure necessary o cause waler 1o
flow from and through the aquifer into the well. The pumping level is & funetion of
the pumping rate with higher flow resulting in lower (deeper) pumping fevels. The

verbical distznce between the pumping level and the ground surface constitutes the
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"l portion of the well pump head, The 1ifl varies with flow, but at far less than the
secend power relationship of frictionl resistance. The total depth of the well and the
distance the pump is submerged below the water surface has na bearing upon pump
head (ASHRAE Transactions, 1998)

2.4 Water Consumption for Different Uses

Water is essential lor achicving suslainable development, and it is this respurce that
will play a large role in delermining whether or not the development ocals are
achicved. The core concemn is how ta achieve equilable aceess and adequate water
supplics, while at the same time prolecting and prescrving supplies and maintaining
cavirenmental secusity. Water is the key resource for food security. for good health.
lor providing cleun hydroelectric energy, for protecting ccosystems and aguatic
biodiversity. and for industrial development. Together thuse make lor a complex set
of relationships rtefleciing water demand and water supply relative to sive of
population and the multiplicity of end uses. While the world pupulation increased
threelvld during the twentieth century, water withdrawals increased six fold. Current
water withdrawal at the global level accounts for abour 10 per cent of the warld's
i0lal renewable water resources and of this withdrawal gbout half is consumed. I the
next two decades, water conswnplion is projected (o double bur stil] remaining well
below the critical rutio of waler consumption 1o supply generally set at 40 per cent, If
Waler censumption per capita at the global scale reaches (he currenl level in
ceveloped countriss, gver 90 per cent of the available water resources would be

utilized by 2025,

A person needs to consume shout threa liters of fresh water per day in order Lo
maintain adequate hydralion {mainly direct drinking) (Fetter, 1994), Eor instasce. in

an industiizl society such as the United Siates, personal water consumption for all
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domestic uses is between 200 and 200 liters per dav (Fetter, 1994). When the
industrial and energy production usage is added in 1o the equation, fresh water usage
exceeds 5,000 liters per day on a per capitn basis (Fetter, 1994). Sources [or [tesh
water include surface wator such as lzkes and rivers, groundwater, min water,
desalination of cecan water, and treatmient and reuse of wastewarer. Surface water
and groundwalter are the only two sources that have widespread use. Groundwater
accounts for approximately 25 percent of the fresh water used for auricultural,
industrial, und domestic use (Driscoll, 1986). Groundwater accounts for shout 50
percent of the water used the drinking water supply in the United Siates (Driscoll,
1986). Groundwater is a valuable resource, which needs to be properly ussd and

imanaged.

With regard to agricultural water, the use of apprapriate irrigation system eonld raise
the water use cfficiency by reducing evaporation, water losses and irrigating with
waler quuntities not cxcceding the plunt's water requirement. Change in the
eificiency of waler use, could result in a doubling of agricultural productivity per
uail of water utilized. A significant problem arises in that, although there is enough
water at the global level. availability does not coincide with the regional distribution
ol the world's population, In many tropical regions, annual rainfall occurs curing a
short rainy season, and most of it is lost in runofl. Fable 2.1 illustrates the dillesent
water uses at global level with great variations between developing and developed

countries [or different water uses (i.e. domestic. agricultural and industrial),
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Table2.1: Percentage of Watsr Resources Devoied Annually to Domestic, Industrial
and Agricultural Uses for 17 Selected Countries (data of 2001 -2002) [23].

L Country i Dormesiie Tndustrial T2 Acovienloural Use Population |
Use
Eaypl | [} | 5 ' a8 i 57.675.000
[ South Afisca 17 h 11 | (] 40,433,000
Canada B ) 0 | 5 — [ 29245000
Guateniala | 9 | 17 | 74 [ 10322000
[izxico =8 5 I 55 T sr.ai1000]
USA | 12 16 | 42 I 754 020,000 |
Lrlrm = ‘ 10 = | 85 | 155,792.000
Perh) 18 g ' 72 21,058,000 \
| Crina | g t T &7 [ 1,200.000.000 |
Fmﬂ | 15 | 1 7% | 5,423,030
Jorndats ' 22 3 ' 73 4,936,000
Turksy 16 i1 | 2 — | 58774000
. Franss 16 69 | L5 27 550,000
F«Eemﬁlm:di | =y B ' i 12 363,000
| Coiled Kingdom 23 7 [ 4 — 57008200
Paissda | 1o | z | 20 T 14836600 |
bmmlm | 53 | 2 | 23 | 17.803.000 !

2.5 WATER QUALITY

Water quality is a concept Teferming 1o the chemical, biolozicel and physical
charaeteristics of the waler The reguired waler guality is determinzd by the purpose
for which the water is 10 be used (domestic, urban, agricultural or industrial). The
svaluation of the watcl, for any purpose, is based on the charucteristics of the water
compared to a standard for that use. BY “grandard” is meant ths concentration of 2
constiuent which causes ha pagative effect 10 the health of the consumer OVel the
li% of consumption (24]. However, local requirements, dependent on the availablity
of water ISSOULTES: the national economy. the politizal situation and goientific
progress. may modify these standurds, The water guality short-tsrm deviations from

4 stancard for a specific purpose do not mean that the water is unsuitable for thet
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purpase. Suitability here is judged by the amount and the length of the deviation time

ag well as by the nature of the constituent invelved.

The water that is used for drinking, cocking. bathing, cleaning and in residential,

institutional and public buildings is referred w as domestic water. The suitebility of
its quality as domestic water is judged on physical, microbiological and chemical
characteristics. The physical characleristies, such as wrbidity, woral suspended sclids.
colour. odour and taste. are the first concern in the evaluation process, as they are the
ensiest paramelers 1o detect. Microbiological charactenistics are second. as people are
more Camiliar with waterbome-microbiological diseases than they are with
witerborite  chemical diseases, detection is easy and ftreatment cosls are
comparatively low. HMowever, though it i 2o less important. the nesd for the
(dentification and evaluation of the chemical characteristics is not appreciated by the
public, as waterbome-chemical discases are less well-known. Also, the testing and
wealment for the chemical parameters are difficult and require expensive high

technology.

Batable water is witer that can be usad safely for domestic purposes. Tt must havs the
following characteristics:

« Tts turbidity, color, ador and taste must be within acceptable and permissible limits,
« [t must be tree of pathogens.

+ Tis conleat of Hazardous chemicals must be within penmissible limits [24].

More details are given in the following:
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2.5.1 Physical Guality Evaluation

1. Turbidity: Warer containing visible material in suspension is termed as turdid.
Turbidity in water consists of clay, silt, finely divided organic matter, mecroscopic
organisins. Turbidity may result from living or dead algae or other organism. 1t 18
generally caused by soil erosion in natural warers. River water is nurmally most
turbid when sterms are most numerous, Turbidity depends on fineness and
concentration of particles in the water
2. Color: Pure waler is colorless. Color is imparted to water by malerial m solution

or in colloidal suspension or mineral and is distinguished from rurbidity which may
gause an apparent color.

3. Odor and Taste. Pure water is edorless and tastcless but potable waler while

being essentially odorless is pleasant to the taste, Taste in water is generally due 1o

presence of disselved salts.

4. Temperature: Natural water is seldom below 3°C. In a water supply system. Lhe

desirable temperature is 5°C 10 10°C, temperature above 23°C Is not desirable.

2.5.2 Microbiological Quality Evaluation

The biological characteristics of water are very important in the evalualion of it
suitability for dormestic purposes, as the infectious diseases caused by pathogenic
hucleria. viruses, protozon or parasites are the most commeon and widespread health
risk associated with drinking water. In our micrebiologival evaluation of the water
samples, the faccal and total coliform bacleria indicators were used. An indicalor
organism is an organism that is universally present in high numbers in the facces of
humans and warm-blooded animals, readily detecied by simple methods and not

prowing in natural water. Furthermore, it is important that ifs persisteace In water
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and (he degres of removal in treatmant be similar to that of waterhorne nulhiogens.
Culifarms have heen recogmized as indicators for a long time. as they are easy 1o
dotect and anumerate in water (1homann & Mueller 1982). Our evaluation is based
on the WHO (1995} recommendation that the Jong-term count of the total and thecal

coliform must be zero.

Datails about ditferent microbialogical indicators for water are shown below:

1 Total Coliforms: As mentioned saflier Water may canlain Various kinds of
argunic life such as bacteria and microscopic organisms. Coliforms are important
harmless micro-organisms which arc found in the human intestine. Harmlcss
orpanists of coliform group live loneet water than pathogenic hacueria. Thercfore.
water is safe if it is free of bacteria in it. Also colilorm organisms & considered
suitable indicators of pollution because thiey die in a short time and can be identifisd

easily.

The quality of water for sublic water supply iz determined by the presence 0T
ahysence of total coliform. In order ihat the water is safe for drinking water and i3 free
[rom pathogenic bacteria, it is wenerally nocessuy that o one coliform organism is

prescit.

1 Fscherichia coliform: The fecal colitorm group includes all of e rod-shaped
bacteria (hat are non-spore forming, Gram-Megative, lactose-Fermenting in 24 hours
at 44.5 °C, and which can graow with or without oxygen, Feeal coliform is a type of
fcal bacleria. Another type ol focal bacteria is Fecal Streptococcus. Fecal
Streptococcus is @ group of bacteria parmally present in laree numbers in the

intestinal tracts of warm-blooded animals other than humans.
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Some strains of Escherichia coliforms, related to feeal coliftrm [amily, can cause

intestinal illness. This is found in the digestive tract of cattle.

1.5.3 Chemical Qualiry Evaluation

I'he ¢hemical characteristics which decide the suitability of water for domestic use
ars the concentrations ol the various tons which can be health hazards if they exceed
a certain threshold or if thev can change the aesthetic quality of the water by causiig

an undesirable color, taste or odor or water hatdness,

A comparison of the water quality of the resources studied with the WEHO (1995)
puidelines is the basis for evaluation, since there are no published Palestinian
nalional standards to this date. The harduess of water is defined as its content of
divelent metallic ioas which react with sodium soups to produce solid scaps or
seummy residue and which react with negative ions when the water is heated in
boilers to produce solid hoiler scales {De Zuane, 1950}, The evaluation of hardness
sould help in determining the need for water sofiening required o reduce the amount
of detergents consumed, thus helping 1o protect the enviromment through the
reduction of the use of nonbiodegradable detergents. [1 could alse help in aveiding
exlensive scale formation (carbonale-mineral precipitation) from hard water, Total
hardness is expressed as (aCOy in mg/d., which is calculated according 1o the
fallowing formula (Todd, 1980):

Tota! hardress (CaCOs) = 2.497 Ca * + 4718 Mg™

W here the Ca™ and Mg concentrations are in mg/]
The Sewyer and MeCarty (1967) classification of water samples aceording to their
total hardness is given in (Table 2.2). This classification is helplul in the evaluation

of water for domestic purposes.
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Table 2.2; Suwyer and McCarty (1967) classification of waler, based on hardness| 33l

Hardness as CaClh ‘

Water Type ‘
|
'||_ 075 i'l Scft ‘lll
" 75 - 150 MModerately hard ‘
150-300 [ lard
| =300 Very hard J

nore details abour dilferent chemical parameters arc given below:

i pH Value: most water i¢ more or less alkaline because alkaling salts are very
commen in the ground. Carbonates and bicarbonates of calcium, sodium and
magnesium are the common impurities. Alkalinily is expressed in milligrams /liter in
terms of equivalent caleium carbonate. Acidity in watet is cuused by carbon dioxide.
Tt is measured in terms of saleium carbonates needad neutralize the carbamic acid
and is expressed in milligrams per Litter. Alkalinity and acidity are also expressed i
terms of pH, pll value of waler is of importance in water weatinent and industrial
processes. Pure water has a pH value of T; below 7 it is acidic and above 7itis

alkaline. Acidic waler results in corrsion ol pipe hne.

7 Hardness: Hardness of water ie a marer of great coneern for public water supply.
ard water reguires more soap hefore d lather is formed. Hardness is indicated by the
formation of inseluble precipilate Or curd, rather than lathering with swap and
formation of seale utensils, Hard water contains solution of carbonates and
sulphates ol calcium and magnesium, their chlorides and nitrates besides iron and

luminum, Temporary hardness, removed by boiling or oddition ol lime 10 the waler,
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15 readered by the presence of hicarbonales of caleium and magresium. Permanent
hardness, softened by special treatment, tesults (rom the prestmce in waler of
sulphates. chlorides and nitrates of ealcium and magnesium. Hardness 15 cxpressed in

ma/l by weight in terms of calcium carbonates.

1 FElectrical conductivity (EC): The total amount of dissolved salts present in
water can be easily estimated by measuring the specifie conductivity of warer.
Snecific elecirical conductivity defines the conductivity ol a cubic cenfimeter al
wally at a standard temperature of 25° €. The umt of conductivity is mho (1
ampere/] velt). It is determined by a potable diomic water lasler. Pure water ai il ok B

has 2 specilic conduetivity of 5.5 x 10-8 mho and sea water about 3 x1 0 mho,

4. Total Dissolved Solid (TDS): The mincral constituents and organic materials
dissolved in waler constitute the total dissolved solids. The measurement ol total
dissolved solid in water is essential for water used in drinking. irrigation. and
industrial purposes. The recommended maximum ¢oncentcation for TDS iz 1000
me/l, but inore than 600 mp/l is undesirable for drinking and many industrial.
Classification of the drinking water quality in terms of TDS published by World

Health Organization (WHO) is given in Table (2.3)

Table (2.3) Classification of the Drinking Watcr in Terms ol the
Total Dissolvad Solids (1138) [24].

Water Quality Total Dissalved Solid (mg/l)

Very good <300
Goodl ann - 600
Fair Al =900
Foor G0 — 1200

Not acceptable = 1200
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5 Caleinm and Magnesiom (Ca™, Mg™): The most importan divalent metallic
cations in water. The major natural sources of calcium und magnesium are
amphiboles. pyroxenes. dolomite. and ¢lay minerals, The recommended maximum
concentralion i drinking water is 100 mg/l for caleium. and 50 mg/] for magnesium.
Hardness which is caused by calcium and magnesium ions interferes with laundering
of clothes by reducing the cleaming action of the soap or detcrgent and at high

coneentration produces scalo in water pipes and on plumbing Hxiures.

6. Sodium and Potassium (Na'', K'): The main sources ol sodium and potassium
are feidspars, elay minerals, and industrial waste, The recommended mAXinuIL
content in drinking water is 100 mg/l for sadium, and 10 mg/l for potussivm.

Sodiwm and potassium aftect the suitability of water for irfigation. High sodiun
voncentration adversely ellects the soil and plant growth. More than 50 mg!l sadium

aridd potasSIUM CaLSes COrrosion in boilers.

7. Chloride (CT): Chiel source of chloride is sedimentary rock. Exesss chloride
causes bad taste. Water which contains chloride with concentration betwesn 200 -

600 me/l can be used for domestic use, The recommended maximum concentation

for chloride in drinking water is 250 mg/L

¢ Carbonate and Bicarbonate (CO5, HCOy): In weneral, the diszolved corbonate

materials and COy are the major source of carhonate and bicarbonate in waler. The

bicarbonate ion and carbonate 100 content in water is referred 1o as alkalimty. Below

nH of 8.3 the total alkalinity is in the form of the bicarbonate ion.
Waier contains less than 50U mg/l of carbonate and bicarbonate cun be used far

drinking. The recommended concentration is 50 mg/] for carbonale, and 500 mg/] for

hicarbonate. Water containing large amotmls of hicarbonate is undesirable in many

=

- B
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industries, The carbonate combines with calcium and magnesium 1o form calcium

carbonate and magnesium carbonate which cause hardness,

9. Dissolved Oxygen (DO): The primary effect of dissolved oxyeen in water s on
widation-reduction reactivns, invalving iron, manganess, copper and compoeunds
that cenlain nitrogen and sulphur. In certain distribution systems there may he a
wendency for the level of dissolved oxygen to fall with residence time. Altheugh such
changes are normally indicative of corrosion processes. it is also pissible that
mictobial respiration of organic material, especially in sedimenls and deposits,
within pipes may be respousible. Thus, disselved oxyeen may decrease without a
marked increase in the concentration of iron in the waler. Conversely, water
sontmining high levels of iron as a resull ol corrosion may show little depletion of

dissnlved oxygen content.

One milligram of oxygen per lier will produce 3.5 my of ferrous iron per litter se
@t a large amount of iron corrosion may occur with ltile perceptible chanze in
Zissolved oxygen when the available oxygen in water has been depleted: anaerchic
omosion processes precede involving the activity of the sulphates-reducing bacteria

Sl may he present.

srequently, depletion of the level of dissolved oxveen below about §0% suturation
=ads 10 an increased incidence of consumer complainty, especially regarding taste,

soor und diseolered water,

Nitrates and Nitrites (NO;. NO2Z): The presence of nitrites and nitrates
sdicates an organie cantact sufficiently remote 1o permit some oxidizing acticn on
Tganic matter. Nitrale in warer is commonly reported in terms of the nitrogen
ssavalent, but in mincral analyses resulis are reported in ferms of the acid radical

WO and, as such, in ground waters it may have sanitary sionificance as & cause of
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mathemoglobinemia. The total nitrogen in natural waters is scldom sulficient to
tequire its removal by water-itgatment PIOCESSEs. Il has, however. been found

concentrations as high as 40 to 60 ppm in natural waters,

|1. Ammonia (NHs): The presence of free ammonia in water indicates the presence
of undecomposed orgenic matter, and for potable water, its value should not exceed
{1.15 mg!l. The very presence ol oFganic nitrogen in water indicales pelluticn, and for

putable waters. it should not exceed 2 value of about 0.3 my/l.

17. Chlorine (Cly): Dissolved free chlorme is not found in nawral waters. lis
presence In treated water results from disinfection with chlorine and because
residual is lefl as a safety measure 1o ensure the killing of pathogenic bacteria. The
custorary residual is in the order of i1 fo 0.2 ppm. Residuals up w I ppm are
successfully curried but may result i complamts of unpleasant tastes, Chlerine must

ot be confused with chlorides. lor they are et the same thing [24].

7.5.4 Water Quality for Agricultural Purposes

The suitahility of any wazer for irtigation is determuned by many factors. Some of
these include the water quality and quantity and the swil type, as well as the rype ol
crops irrigated. Salts in the irrigation water could negatively affect the growth of
plants by changing the osmatic conditions in the root zone which would decreass or
limit fhe water uptake (a physical effect), Some toxic constituents such as beron
mipht influznce the metaholic reactions (a chemical effect). Salte may also affcet the
soil by changing the soil structure. permeability and acration, which would indirectly
affect the growth ol plants (Todd, 1980). The syaluation of the soluble sodium
percentage, sodium adsorption atio and the twial dissolved solids / eiectrical
conductivity plays a major role in the evaluation of the suitability of waer for

irrigation.

2
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a- Soluble Sodium Percentage (S5P)
Sodium concentralion is an important index in the evaluation of irrigarion waicr as it

hLas an influence on soil permeability.

b- Sodium Adsompiion Ratio (8AR)

The expression SAR was recommended by the United States Salinity Laboratory
(USSL) of the Department of Agriculture (Richard. 1954). The SAR is considered to
be in direct relationship with the water adsorplion by the soil It is caleulaed

according to the equation:

SAR = Na'J{(Ca" ]+ Mg V™

The cations are expressed in milli-equivalent per liter,

2.5.5 Standards of potable (drinking water in relation to public health)
Tauble 2.4 shows the WHO standards for drinking water quality.

Table 2.4: World Iealth Organization (1993) guidelines for potable water |24/

i_I":u':;unzlunl Iljl?:?t;w”'ﬂe Source of Canse
TempC® 12-25 Earth's temperutura or ehemmical reaction.
pHl-valuc 6.5-8.5 Dissolved €02 and the organic zeids.
| Na (my/L) 200 Al rocke anel sails. faund also in sea water. brines and sewage.
Ca2 (miL) -x Pis.sc..hle:i [rnn ﬂ!.l rocles and snils; burespecially Trom =
imestonz. dolomite emd gypsun.
Me2 (mpfl.) <175 All mzics especially corbomates :
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Permissible |

Parametors i aource of Couse
L.mts
K imeL) =2 ' Seé[inrunmry rocks, Wastes of man and ljvestack,
| HCO3 (ma/L) 195350 L-ﬂrl'o-nnal:t..t rocks und soils. Presant in BEWREE, Ancient brines
and sea warer
&1 (mg/L) 250 Lissnived from rocks and soils, Present in sewage: Ancicn
= brines and sea wager,
_‘50 tmeb 9573 Dissolved from rocks and soils ontaiing gypsuwin. Suiphide
L 1 £ ores and other sulphur compounds,
. S o Diecaying orpanic walerbarne diseaces Legume planis. Sewaze
e and fertilizers,
TUS(mpL) SO0-1000
| Hurdnass (mg/L) il
J. I
| Feimp/L) 0.3 Rocks and soils.
Mn (mig/L) o 1-0.5 Rucks and soils, industrial water,
Zn(mzL) 3 Indusirial wasres,
| Fh (mg/L) 0.01 Industry and aute fiels and par mills,
| Filmg1) 1.5 Rocks and seils
?':'m[ Chlifam o Wastes and residuss of warm-blooded znimuls.
colgy100ml
Fooal kb 0 Wastes and residues of warm-blooded animals.

sl m] -
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2.6 Water Pollution Sources

Estimates sugeest that nearly 1.5 billion people lack sate drinking wauler and that at
least 5 million deaths per vear can be attributed to waterbome discases. With aver 70
percent of the planet covered by oecans, people have long acled as if these wary
hodies of water could serve as a limitless dumping ground for wastes, Raw sewage,
garbage. and oil spills have hepun to gverwhelm the diluring capubilitics of the
oceans, and most ceastal waters are now polluted. Beaches arcund the world are
clusid repularly, often beeause of high amounts of bacteria from sewage dispusal,

and marine wildlife is begimiing to suffer [24].

Ihe major sources of water pollution can be classified as municipal. industrial, and

agricultural:

| Wagtewater from homes and commercial establishments is a mujor pollution
contributor for fresh water.

Y. Fertilizers contain nutricnts such us nitrates and phosphates. Tn excess levels,
autrients over stimulate the growth of aguatic plants and algae in the water and
contaminate it. Fxcessive growth of these Lypes of organisms consequently clogs our
waterways, use up dissolved oxvgen as they decompose. and block light to deeper
WalLTs,

3 Pollution is also cansed when silt and other suspended solids, such as soii, wash-
ofl plowed fields, construction and logging sites, urhan arcas, and eroded niver banks
when it rains. Pollution in the form of urganic matcrial enters walerways in many
dilferent forms as sewape, as leaves and grass clippings, or as runoff from livestock
feedlots and pastures. When natural bacteria and protozoan in the water break down
this organic malerial, they begin to use up the oxygen diszolved in thie water. Many
wpes of fish and botom-dwelling animals cannot survive when levels ol dissolved
oxyeen drop below two to five parts per million. When this occurs, it kills agquatic

srganisms in large numbers which leads to disruptions in the food chain.
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4. Industry contributes significantly 1o water pollution. Clearing of land can lead 10
crosion of soil inip the river. Waste and sewape generated by industry can get it
the water supply, introducing large organic poilulants o he ecosystem. Many
industrial and power plants use 1IVETs, SIESAMS and lakes to dispose ol waste heat.
The resulting hot water can cause thermal pellution. Thermal poliution can fave 2
disasirous effect on life in an aquatic ccosysten as temperature increases decreuse
the amount of exyvgen in the water, therehy reducing the number of animals that can
sarvive (here. Waler can become gontaminated with toxic or radivaciive materials

from industry.

Contaminants can be broadly classified into organie, inorganic radioactive and
acid/base. Examples from each class and their polential Sources are Wo HUMETLUS 1

discuss here [21].
The effects of waier paliution

The affects of water pollution are varied, They include poisoncus drinking water,
poisenous lood animals (due o these organisms having bioaccumulated roxins from
the environment over their life spans). unbalanced river and lake ecosystems that cun
no longer support full biological diversity, deforestation from acid rain, and many

ather aftects. These effects are, of course, specilic 1o the virious cuntaminants.
ow eanwe take measures (o decrease those problenis?

Science and envircamental enginecring provide many practical solutions 1©
minimizing the present level at which pollutants ure introduced into the environmment
and tor remediation (cleaning up) past problems. All of these golutions come With
come eost (hoth socictal and monetary). In our everyday lives, # great deal ean be

one Lo jninimize pollution ift we take care 1o reeyele materials whose production
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creates pollution and if we aet responsibly with houschold chemicals and their

disposal [21].

2.7 The Use of GPS and GIS in Water Resources Investigation

2.7.1 The Geographic Information System (GIS)

Geographic Information System (GI8) is defined by ESRI (Eavirenmental System
Research Institute) as an organized collection of computer hardware, soffware,
geographic date. and personal designed 1o efficiently caplure, store, updale.
manipalate, analysis, and display all forms a geographically referenced information.

Many GIS databases consist of sets of informarion called layers, Each laver
represents a particular type of geographic data. For example, one layer may include
information an the streets in an area. Another layer may contain information on the

soil in that area, while another records slevation.

The GIS van combine these layers into one image. showing how the streets. soil,
water resources and elevation relate to one anather. Engineers might use this image
1o determine whether a particular part of 2 street iz more likely to crumble. A GIS

database can include as many as 100 layers [13].

When locking at a map fo know more about the features represented in ity than
simply where they are. For example. when looking at @ map of tivers and streams, it
15 helpful to know their names, and hydrologists want to know a good deal mare
sbout a river than its name. Such information as the slope of the river, the roughness

of ils bed and banks. and the shape of its cross-section, are impartant in being able to

define the velocity of water flow in the river.
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This tvpe of descriptive information shout a geographie fcature is called it
aliributes. Attributes can be stored as numbers or characrer sirin g8 in adzta record. A
collection of data records makes up a data table. We thus have two descriptions
available of each geographic feature: their sparial location and their descriptive

allrthutes,

A key idea of GIS is that these two descriptions are conngcted by associating with
cach geographie feature 2 unique identifving oumber that is stored both with {he

spatial description and with the attribuie description.

A GIS is designed 10 accept geographic data from a variety of sources. ineluding
maps, sawellite photographs. and printed text and statistics. GIS sensors con scan

some of this data direetly—for example, a computer opetator ma

feed a map or
photograph into the scanner, and the computer “reads™ the information it contains.
The GIS convents all geographical data into a digital code, which it arranpes in its
database. Operators program the GIS to process the mformation end produce the

images or information they need.

Ihe applications of'a GIS are vast and continue to grow. By using a GIS, svientists
can research changes in the eavironment; engineers ean design toad systems;
electrical companies can manaze their complex networks of power lines;
sovemments can track the uses of land: and fire and police departments can plan
emergency routes, Many private businesses have begun 1o use a GIS to plan and
imprave their services. GIS technology atlempts to precisely deseribe the spatial
environment, while hydrology attemnts to describe how water and pollutant move

tirpugh the environment, then the synthesis of GIS and hydeology is spatial

hvdralogy.
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The purpose of spatial hydrology is 1o use spatial data and functions of GIS 1o helpin
solving the problems in water management. The spatial technology currently used in
spatial hydrology is ArcGis.9 software and AreGis g spatial Analysis Lxtension. Are
View GIS 15 readily available o the grealest number of users, although Are/ [nf
soflware can be emploved o solve spatial hydrology problems just as eflectively
[13].

T'he substance of current spatial hydrology is devoled o spatial data development for
aydrolopy because GIS does not kava explicit provisions for time-series data and

much ol hydrology is concerned with time-ssries measursment systems,

The AreGis.9 Spatial Analysis has several huilt-in functions that cnable simple
witershed delineation using a Digital Flevation Model (DEM). These functions have
oeen further developed by other organization, including the Center fir Research in
Water Resources (CRWR).

IS has versions, and we will make our experiments (watershed delineation, runoff)

oy version "AreGis, 0",

=.7.2 The Glaobal Positioning System ( GPS)

The Global Positioning System (GPS) is the mosl significant recent advance in
Savigation and pusitioning technology. GPS is un acrospuce technology that usss
satellites and ground equipment 10 determine positions any whera on carth, Anyone
with a smull receiver can use the System at no cast, GPS has drastically changed

wethods of navigation and is fas) becoming important in evervday life,
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Advaniages af (GPS yurveying

For hundreds of yaars, surveyors huve relied oo ¢ptical instruments and physical
measuring devices (such as tape measures or chains). Optical instruments (and newer
slectronic distance measuring (EDM) instruments) require dircet line of site from the

instrument to a targeL.

Measuring tapes or chains require that the survey crew phyvsically pass through all
the intervening terrain to measure the distance berween two points. The big
advantage of GPS is that line of site does not have to be established between two
stations. Thus. surveying can be done in almost all weather conditions or on epposite

sides of a mountain,

Because line of sight docs not have 1o be established belween GPS stations, major
cost savings can be realized in large projects involving a large nuwober of survey
teams over a limited area (say, 100 sq miles). A single GPS recaiver can be sel up as
a reference starion which can be used by any number of survevors, each of which can
be warking a job. This contwasts with conventional survey equipment in which at

least wo people must be working the same job (one for each end).

Aeenracy reguirements

Control surveys are used to esiablish the locations of arbitrary points. These points,
called control points. may then be used as reference locations lor perlonming
additional survey work. Otten, the reason for performing a contrsl survey is 1o place
control points in locations which are physically convenient for the intended survey
wark. Contral surveys are generally performed to a higher standard of accuracy than
other types of surveys. This is necessary because any follow-on survey work must be

able o count on the aceuracy of the control points, GPS smart in determing accurate

3%




CHAPTER 2 Literature Review

of points that's needed in (CATCHMENT) and (tand use) process in this

lucation
reseurch in fast lime and himited efforts.
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3.1 The study ficldwork and methods include the following:-

1.1.1 Visits to Dura municipality:

We visited the municipality of Dura to sake information about the Wadi Abu al-
CJamra such as topography map. data for water supplied and billed for Dura 10wl

ather information about the demography and sanitation will be collected alsa.

3.1.2 Site visits for the Wadi (ficldwork)

We visited Wadi Abu al-Qamra to identily mony pardmeters such as:
- Location of the boundary (catchment) by (iPS.

_ Collcet duta about springs as shown in the table format belaw:

- Taking photo for each SPTLNE

Table (3.1) Basic Details of Major Springs in Waci Abu al-Qamra in Dura ALE
Coordinute T

X | Elevation

\ Common | Discharge Water

Name \Q(myday} Use |

l
1 1| | _T_:L_ ] ol
e i)

Ne=nher Type

al

)
|
e s A W
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3.1.2 The use of G1S

GIS will be used to generate:

e Map tor the boundary lacalion {catchment ared).

o Mup for the boundary and spring leeation.

» Map for Acrial photo for the Wadi.

» Mup for classes of spring lype (dug well or spring).

» Map lor water uses for the springsiwell.

s Map for classes of springs aceording 10 the discharge (Q).

e Topoeraphic map (contour map).

& Digital clevation model for the Wadi (TIN).

e Map for classes of springs by the discharge (Q) after that by using the (dipital
stevarion model TIN) we can get the slevation of any point in the Wadi such as
elevation of springs.

o Map tor spatial classification of the springs/wells (clusters).

» Map for water quality classes according to NO3J levels.

o Map for water quality classes according 10 Cl kevels.

» Map lor acceplable/nonaceeptable water quality (according 10 NO3 and Cl levels),
3.1.4 Water Sampling and Analysis:-

A comprehensive sampling program concerning springs in Wadi Abu al-Qamra will
e conducted. Our procedure in the field will Be to have sampling bottles for each

soring. Each bollle before filling will be sterilized in the PHG laboratory.

i the field bottles will be first rinsed wilh the water intended for sampling. Lach

nottle will be filled completely and placed in ice box. Until arrived at the laboratory,
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Direet messurements were made cach site with a Mettler Taleds set of prohes

oiving readings for tempetature, electrical conductivity and PIT,
All analvais will be cartied out aceording to each instrument catalogue and according

o the hand book "Standard Moethnds for (he Examinution of warer and wastewaler,
APHA aWWaA. WEF, 1998~

3.2 Measurements

3.2.1 Measuremenis of Total Dissolved Salids

Name: Total Dissolved Solids

Definition: The sum of 4l dissulved solids in water or
Wastewater and an expression of watar salinity in mg/l
cmpirically related 1o eleetrien] conductivity (EC) in

Aunhostens multiplied by 640,

Apparatus: Laboratory Condugstivity Meter (sension7),

Method: AMTA standard methods, 1993

Frocedure:

To determing TDS with the sension7 meter:
I. Press the TDS kev on the keypad. The instrument will display the TDS value
for the currently displayed conductivily measurement,

<. The standard method to determine TDS (Total Dissolved Salids) is 1o

cvaporate the sample 1o drvness a1 180 =C. then weigh ths residue.
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b

3. Another way to estimare TDS 15 by calculating the concentralion of sodimn
chloride that would have the same conductivily as the sample al the seme
emperature,

4 The sension7 meler reporis a sample's TDS value in mgl. of sodium
chloride by comparing the sample conductivity and temperaiire o dara
stored in the meter’s memory.

5 Data were obtained from empirical procedurss using  sodium chlonds

solutions,

1.2.2 Measurements of Salinity

Name: Salinity

Definition: The saliniiy of the soil water 15 related to,
and often determined by; the salinity of (he

irrigation walcr.

Apparatus: [.aboratary Conductivity Meter (sension7).

Vethod: APHA stendard methods, 1995

Procedure:
1. To determine salinity with the sension? meter, press the SAL key on the
keypad. The instrumnent will display the salinity value for the sample

being measured.

b

Salinity, & measure of the mass of dissolved salts in a given mass of
solution. is used to describe scawater. parural, and industrial waters,

Sulinity is a relative scale based on @ KC1 solution, A saligity value of 35

s
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is cquivalent to a KC1 solution containing 32.4356 g KCL in | kg of
soluticnat 15 °C. Salinity is measured in %o (ppt - parts per thousand).

1. The meter calculates the salinity based on the Extended Practical Salinny
Seale of 1978, as refercnced in 17th edition of Standard Methods, 235200
B. Tke applicable range is 0 to 42% and -2 10 = i 6

1.2.3 Measurements of Conductivity

Name: Conductivity

Definition: The Electrical Conduetivity (EC) of water
i« a measure of the ability ol a solution W conduct an

glectrical current.

Apparatus: Laboratory Conductivity Meter (sensianT).

Method: APHA standard methods. 1995

Procedure:
1. Determining conductivity with the cension7 meter is easy: just press the
COND key on the keypad. The instrument will display the conduetiviry value

for the sample being measured.

[ o ]

For conductivity, place the probe into the sample and make sure the slot on
the erd of the prone is lotally immersed. Agitate the sample with the prabe

for 5-10 seconds to remove hubbles that may be trapped in the slot.
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1.2.4 Mensurements of pH

Name: Conductivity

Definition: pH is indication of acidic or basie nature of

wastewater. A solution is neutral at pll value 7.

Apparatus: Lahoratory pt Meter (sensiond),

Method: APHA standard methods, 1993

Proceduare:

1,

[ 3

Place the elsetrode in the sample. Press READ/ENTER stubilizing.., will be
displayed. along with the sample temperature and the pH or mV reading.
Thes= values may fluctuate until the system is stable.

If the Display Lock is enabled, Stabilizing .. will disappear and the display
will “lock in* the pH or mV and sample temperature when a stable reading is
reached. If the Display Lock is off, Stabilizing.., will still disappear, but the
display will show the current reading and temperature and the values may
fluctuate.

Record or store the pH and mV value.

47
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3.2.5 Measurcments of ¢hloride
C1; argeniometric titration

Principle

In a neutral or slightly alkaline solution, potussium chromate (K2Cr(4) can indicate
the endpoint of the AgNO3 titration of CR ApCl Is precipitated quantitatively before
red Ag2CrOd is formed.

Interference

Substarices in amounts normally fourd in potable waters will pot interfere. B(, | and
CN register as eguivalent Cr. Sulfide, $2032 and SO3 interfere bui can be removed
by treatmeant with H202. ()iTho-P04 in excess of 25 mg/l. interferes by precipitating
gs AgiP04. Fe in excess of 10 megil. interteres by masking the endpoint, A
potentiometric method is suilable for coloured or turbid samples in which the colour
indicated endpoint might be difficalt 1o observe, However, 4 turhidity and ealour can

alsis be remnoved by treatment with AOH)3.

Reagents

4) K2Cr04 indicator: Dissolve 12.5 g K2CrO4 in a litle 120, add AgNO3 solution
until a definite red precipitate is formed. Let stand 12 h, filter and dilute to 250 ml.

by AgNO3? ritrant: Dissolve 240 ¢ AgNO3 in water and dilute to 1000 ml. Store in-a
brown bottle. Standardize against NaCL

ITmnl Ag== 1 mal CLI".

&) MaCl standard: Dissolve 824 mg NaCl, dried ot 140¢ €, in waler and dilule t©
1000 ml. 1 ml=0.0141 mmol CI".

4) Phenolphthalein indicator: Dizsalve 0.3 g in 50 ml ethanol and add 50 ml 1120,
1 NaOIT 1 M: Dissolve 4 g in 100 ml H20

1112804 0.3 M: Add 2.7 ml cone. 112504 10 100 m] HZ0.

AE
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@) H2()2 30%,

h) AOTN)3 suspension: Dissolve 10 g ATK(S04)2.12H20 in 250 ml H20, Heat
60°C and add 14 ml cone. NHAOI 1 slowly with stirring. Let stand about 1 b transter
(o 2 large hotle and wash precipitate hy successive additions, with thorough mixing
and decanting with water, antl Iree from chloride. The suspension pecupies a

volume of approximately 250 ml.

Stundardization of AghO3

| Pipet 10.00 m] NaCl standard in an Erlenmeyer flask ol 250 ml

1 Add about 90 ml H20: adjust to pH 7-10 if necessary

1. Add | ml K2CrO4 indicator

4 Tirate with AgNO3 to pinkish yellow enc’point. Be consistent in endpoim
recognition,

Molarity ApN(3 = 0,14 1/ML titrant

Procedure

| Tiee a 100 ml sample or a suitable portion diluted 1o 100 ml which contains 0,13+
10mg CI.

3 Tt the sample is highly coloured or turkid, add 3 ml AL(OI3 suspension, mix, Let
settle and filier. If sullide, sulfite oy thiosulfate is present, add | ml H202 and stir for
1 mm.

3. Adjust pIT 7-10, if nevessary

4 Add 1 ml K2Cr04 indicator

2. Titrate with AgNO3: be consistent in endpoint recognition

f Carry out a blank, a titration valume for the blank of 0.2-0.5 mlis ugual.

.‘F: " 4 - sll- I-H h*b‘
§1 patazilne Polytechnic biniversity
3 {PP¥;_

e The Liprory Gl —-

Zﬁ’b\\ J—-—'Hy

............. - b e, W el
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Calculation
mg CIVL = (A - B) x M x 3545 x (1000/ ml sample), where

A=ml tirativn for sample
B = ml utration for blank
M = molarity of AgNO3

3.2.6 Measurement of Nitrate

Determination of anions, NO3’

NOy~ ; U.V. speetrophotometric screening method

PRINCIPLE

Use this technique only for sereening samples that have low organic matter contents:
Le. uncontaminated natural waters and potable water supplies, Measurement of TV,
absorption al 220 nm enables rapid determination of NG5, Because dissolved organie
dialter also may absorh at 220 nm and NO3 does not absosh ar 275 nm, A second
mzasurement made at 275 nm may be uscd 1o correct the NO3 value, The extend of
this empirical correction is relaled to the nature and concentration ol organic matter
and may vary from one water to another. Acidification with T M HCI Drevents

interference from hydroxide or carbonate concentrations upto 1000 mg CaCO3/L.
Interference
Dissolved organic matter, surfactants. NOZ, Cr6’, chlorite and chlorate interfere.

Chloride has no effect on the determination.

Apparatus

Spectrophotorneter for wse at 220 and 275 nm  with gquartz cells of | cm.

50
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Reagents
2) Standard N03™: 1.00 ml=10.0 micro g N03-N,
BYHCT 1M

Calibratinn

1) Pilute 0; 5.00; 10.00; 15.00: 2000 and 25.00 ml standard NO3 o 50 ml in
volumetric Nasks. Add 1 ml | M HCI and X

2) Messure the absorbance a1 22 nin and 275 nm asainst H20. “Zero” the
instrument for both wavelengths Remark: clean the quartz cells carefully with specinl
rissues and use the same cell. as much as passible, for measurcment of the standards
and samples

31 Subtract iwo times tae absorbance reading at 275 nm from (he reading at 220 nm
1 abtain absorhance due 1 NO3™

4) Plot the absorbance againsi micre E NOI—N/50 ml and determine the

mathematical expression of this line.

Procedure

| “I'o 50 ml clear sample, filter it nzeessary, or a portion diluted 1o 30 ml, add lmL 1
M HCT and mix

S Proceed a5 mentioned under calibration.

3, MaNO3- -N/L =

Oulicrn & NO3 - N in 50 ml end volume / ml samplel.
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4.1General Background

Foeus on springs (and dug-wells) in our araa is incraasingly gaining more interest as
. result of being located in a water-scarce cotmtry. These are complementary [resh
waler resources. These ICSIULCES could produce @ signilicant amount of watar Lor
different uses. The water produced [rom springs is masily availablc at cheaper price
in comparison with piped-water supply. Althouch many springs are puhlic, it sems
to be that a significant number of them are orivately-owned, The waler of heses
saurces are used in agricullure, pimal walering and crioking, Sometimes 1t I8
transporied by vehicle-tankers and gold 10 people Living 0 arcis whare piped-waler is
(navailable and especially in sumimer times the cost of 1 cubic meter could approagh

§ 2.3 when sold as tankered water lor remote areas.

Protection of the walcr guality of fhese resourees is crucial due to their vulnerability
1o poliution because they are discharging from shallow water tables. Non-samitary
conditions and increased urbanization and ranconl development are threalening the

water quality and dearading it

4.2Dura Municipal Area

4.2.1 Loeation

Dura Town is located 8 kilometerss {o the southwest of the City of Hebron, The tatal

lsnd area of the fown is about 14,000 dunums. Dura i considered as a center of &




Study Aren Description

several surrounding villages such as Khursa, Al-Tabaga, Deir Samit, Al-Kumn, elc...
1i is a center for a region of population size not less (han 40,000. The location map of

the town is shown in FPigure 4.1
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2.2 Topography

The area consists of mountains with steep slopes and a few plain areas located east of
the town. The town is about 900 melers above mean sea level (asi). The area of the
town center is located betweon 820 and 870 m asl. The built-up arcas of the wwn

spread Between the elevations of 760 to 890 m asl

4.2.3 Climate

The climate in the Hebron District ranges from arid to semi-arid with an increase of

aridity towards west and south.

I'he monthly average temperature ranges from 7.5-10°C in the winter 10 25°C in the

-

swnmer. The minimuin temperature is 3 “C in January and the maximum 40 °C in

August. The mean annual rainfall for the period of 1970-1992 at the Hebron
meteorologlical station was 388 mmdvear, The guantty of mean annul raintildl in
Hebron District varies from year to vear, while the rainfall reaches 1027mm in zood
raining wears, i drops W 200mm/vear during the drought conditions (TTebron
netcorological station, 2002) Most of the rain falls during December through
March, although there may be rain from mid-October to the end of Aprl. Mean daily
cvaporation varies from Zmm/day in December to 8.5mnvday in August. The
=verage monthly evaporation in Al-Amoub weather station 13 230mm!menth 1 the

ammer and $Umm/inonth in the winter, There are only three months of the year

(v

when rainfall exceeds evaporation. Fipure (4.2) shows more details aboul
cvaporalion in the Tebron weather station. During the period 1975-1997. Other data

about Dura is given in he [Tgures (4.3) and (4.4)
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Figure (4.2): Mean Monthly Evaporation for Hebron Aren
Source of the figure: [16].
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Figure {4.3): Mean Monthly Rainfall for Dura Arca
Source of the figure: [16].
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Evaporation(mm)

Month

;igure {L‘;}: Maac_n Evaparaﬂh;l for ["er_a ﬂ._rea
Source of the figure: [16].

4.1.4 Population Size and Future Projections

The base for the lorccast is the 1097 population figure for Dura obtained from the
PCPS. The annual growth rates for the nexl twanty years are also obtained from the
PCPS and they are presented in (table 4.1) Using these assumptions, (Table 4.1}
presents also the population projection up 10 the design horizon of the year 2020.




b
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Table 4.1¢ Population Growth Rates and Population Foreeasts £or the Masier Plan

| year T Annual growth raie (o) population LI

=t | s SR e
2000 I 4.56 21,800 ,

i

'| 3005 — & 26,800

ﬂn < 373 lsz,zﬂu_
T +2.5_1 === 36,450 _~
176 — — — T307%0 _______J

2020 ;
|

Population 1ensity and Zoning

According to the Enginects of the Municipality, the town of Dura is subdivided into

planning Zones according to the Jand use. The zones are residential, agricultural,

commercial and indusirial. In addition 1o \he old city, the residential zoncs are

suhdivided into suo-20nes A, I and €. There g an onpoing maodification 1o the

existing planning zonc of 1992, The total municipal ared is approximately 7.000

Junuuns and there is a plan to expand the municipal bounduriss W become 14.000

Junuins. [t should be noted that the population of the old eity, which fopresents tae

hichest population density, will remain almost constant 85 it 18 alveady saturated

while the other residential zones represent the tiractive areas for the citizens.




CUHAPTER 4 Study Area Deseription

4.2.5 Water Supply

Curremd CoRdinans

The main water suurce tor Dura town is fram Al-Fawwar wells, which is awned and

operated by Ilebron Municipality. The average water quantity which 1s supphied ©

Dura is around 400m*/day. Table 4.2 represents the quantities of waler supplicd and
billed for the last three vears.

Tuble 4.2: Quantities of Water Supplied and Billed for Dura Town [16].

VEAT Water supplied Water billed (m”) | Unaceounted _1
(") for water (%0)
(Leakage)
1996 146,036 77.353 47 |
1997 155,370 05,074 39
1998 138,726 89.476 36
|

As presenied in Table 4.2, the unaccounted lor water in the Jistribution network is

sbout 35- $0% of the quantily of water pumped inio the network.

water quantilies pumped into the networlk, the people of Dura rely
aurce. Almost all new houses

Dz 1o insufficient
on ralnwater harvestng as an additional water supply s
he time of construction. L te estimatad that

have underground cisterns huilt at
£ 40-60m".

sround 70% of houses have individual cisierns with an average capacity 0
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I'lse people of Dura are foreed 1o purchase water through the water tanker during the
summer seasoi 1o meet their basic needs. Most of theses ranker-tratlors hring water

from Dura springs such as those of Wadi Abu al-Qamra.

Ihere is no available data about the commercial and industrial watzr conswunption for
the Dura town, Main water consumers are the twi stone cutting factories and the five

hrick plants.
On-Gaing and Projected Water Consmmpiion

It is estintared thal water consumption in Dura will dramatically inerease duruig the
wext tew vears, due to several ongoing water projects, which are:

-Dinilling new production wells;

-Uparading the existing warer supply system;

-Rehabilitution of the existing network; and

Detecling network leakage as well as dealing with institutional developmert of

water sactor and Lari [T structures.

The Dura Municipality has projected the existing per eapila waler consumplion at
sbout 100L/c/d. It is cstimated that the per capita waler supply will be 1701 fedd
including the physical losses in the year 2020. Assuming the physical lusses (g
cakage) at ghout 20%, the per capita water consumption will be 136L/c/d in case
~ew water sources for supply will be introduced. Tt should be noted that the figure
scludes commercial and industrial consumption. The water consumptan for yedrs
setwean 1999- 2020 was interpolated from these estimates by assuming per capita
ater comsumption will increase lincarly between years 1999 and 2020. The
~stimated per capita water consumptions for the years 2005, 2010, 2015 and 2020 are

sresented in Table 4.3,
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T'able £.3: projection of Per Capita Water Consumption [16].

year Waler consumption 1/c/d
1599 100

| 2005 n 110
2010 119
2015 127

3030 136

|

4.3 Wadi Abu al-Qamra Description

4.3.1 Liocation

The study area, named Wadi Abu al-Qamru arew. s Iocated in Dura City of the
lebron area which known later as Wadi Abu-Qamrea watershed. The watershed is
situated between lattude 83-120 N and 138-183 E referenced on the Palestinian Grid
in eastern Dura city, with an elevation ranging from 700-800 m asl and extended
over a lotal arca of 0.5 square kilometer. The watarshed receives an averapge annual
rainfell of 430 mm and mare than 90% of the rainfall is received during the winter
season (November-March). The minimwn and maximum temperature varies in the
ranoe of 10 °C to 25 "C. The soils of the watershed dre charucterized by light sandy

s elay loam with wadi gravel and wadi deposits, and the major land use categories in

the watershed are mostly agricultural with sume being residential in the wadi path
up-hills,
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1.3.2 P'revious Studies on Warer Quality in the Area

General backprommd

Springs are an important, but seg

ondary, source of water for drinking and other

domestic purposes and for irrigation and other 4

Bank, Rural villages, particularly in the south-
mich greater extan:

ricultural vses throughout the Wegt

west, depend onp Spring water to gz

than do urban dwellers

Abdul-Jaber (1vg4)

studied the affeet of septic tanks on the water

quality of the
shallow local aquifer system, laking the springs of the village of Sinjil as an example,
Abdul-Taber (1995 evaluated the chemistry of some springs and
from he ecentral and northern parts of the West Bank. He show
Waler types represented in e West Banic,
alkaline with prev

groundwater wells

ed thut there are four

Ihe most abundant t¥ne 15 the carth

ailing bicarbonate, tollowe
Porlions of alkalis and prev

d by the carth alkalije with inereased
alling bicarbonate, then the eartl

alkaline waler wiLh

nercased portions of alkalis and prevailing

chlorida and lastly the alkaline water

with prevailing ehloride.

Abdul-Jaber and Aliew {

1996) studied the water quality und chemizrry

of the springs
Ly those used for

of Nablus Qity, especia

domestic purposes, They concluded 1
in the city are sujtable for domestic use from the
view and can be reli

1At the
majar springs

chemical point of

cd on for any fature development,

Abdui-Jaber er aft (1997) studied e effect of contamination frop wasle

WaLer 0jy Lha

saliow perched 2quiter systems in the northers West Bank. The

ol the springs and wells within

-ontaminated with Waslewalsr

v concluded thay
the heavily pupulaled areas

mosl

were probahly
through infiltration Fom, SCPUE Lanks png phe

rRER
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conduit of raw sewage. Abdul-Taber (in press) studied the spnngs and groundwater
wells in the Zeimar catchment (Nablus 1o Tulkarm). The study showed that the water
chemistry of the wells and springs is determined by the litholoay of the aguifer itself
and by the human activitics in the recharge areas of these water resources. I'he
springs of Wablus that lie in the western part of the citv as well as the springs of Beix
Wazan and Beit Umtrin are heavily palluted and thos not suitable for drinking. The
wells that lie along Wadi Zeimar, such as those of Anabta, Nur Shams and some of
the wells of Tulkarm are polluted. This pollution is due 1o the infiltration of

wastewater (lowing in the Wadi between Nablus und Tulkarm.

Abad Rabho ef of (1993) presented the results of a study of the binlogical
characteristios of the networks, clsterns and springs in the Nablus, Jenin, Qalgiliva
and Tulkarm areas. based on caliform testing, The study showed that about one third
of these water resources are free of coliform contamination and thus satslactory for

drinking. according tw the World Health Organization guidelines (W10, 19935),

Abed Rabbo ef al (1997) in the unpublished final report for the Ford Foundation
nresented the resulls of an extensive study of springs and wells throughout the VWest
Rank. The study aimed to determine the lavels of biological and chemical poliution

and recommencded mezns of improving the situation.

The springs of Dura

This colleetion, which includes the springs of Dura and Tafful, is represented in this
study by 22 samples collected from 18 springs. The LC of this group ranges {rom
250 to 2500 (S/em, Ca2+ from 14 to 225 mg/L, Cl- from 20 to 290 my/L and NO3-

ranges from 4 1o 500 me/L,

he results show that all the springs of the Dura group are generally contaminated
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vitk coliform bacteria, hul some are occasionally free of coliform. Thus, the springs
of the Dura group are not suitable for drinking unless disinfected, Chemically, the
srings of Al Baiarah and Bir Al Sharif in Dura exceed the WHO (1995) guidelines

- K. No3 and CL The springs of Alaga Al Foga and Dilbi exceed the 03

sermissile concentration: Thus, the water of these springs is not suitable for

wnking (Table 1), Detailed heavy- metal analysis was comtlugted on all the samples

ot did not show amounts that might cause alarm.

The Sawyer and MeCarty (1967) classification of water, based on total hardness.
wws that the warer from the majority of the springs is “hard” water. The springs ol

won Foga, Qais in Abdah. Bir Al Sharif and Al Baiarah in Dura and Firah in

Tuh have *very hard” water and (he Al Bustan spring in Taflhih has “soft” water

water of the springs of the Dura group in the Hebron disirict renges from

At to permissible for irrigation purposes, based on the SSP. The water of the

LY
.

of the springs is of good SSP. The springs of Fir'ah in Tallul. lmran,

esung. Kanar in Dura and Kurza are of excellent 83P. The Al Bustan spring in

Tatfuh is of permissible SSP. (Table 1),

water of the springs of this group is classified into three classes, based on the

S AR relationship. The springs of Dilbi and Kannar in Dura and Kurza and Fir'ah
s Taffuh are classified as low sodium - medium salinity hazard (S1-C2) water. The
seees of Allaton in Beit *Awwa and Quis in Abdah are classificd as low sodium -

& salinity hazard (§ i-C3) water and Bir Al Sharif in Dura is classified as low

—

- verv high salinity hazard water. Many springs of the Dura group could be

; —
N TR

W for irrisation, bused on the SSP and EC-SAR classification, with Timitalions.

mpecially Bir Al Sharif.




{HAPTER 4 Study Arca Descriptiaon

Lable 4.6: Major microbiolegical and chemical characteristics of some springs ol
Dhura [5).

. SAR fios [B€_ |k |ee  |nos |re It
Spring Date SEP ma/l. :':LCLEJ' me/L | mg/l | mg/Le | #/100mL | #/100mL
| *Alaga Fuga 25596 | 1.6 | 274 | 462 | 300 1.0 1750 | 1158 | 1000 > 1000
Cais 25080 | LG 223 | 33D a0 0.4 904 29.7 > 1000 = Lol
| Al-1Zalaran s B BT e Azl | 7 147 2300|2645 | 5000 | 8D = 1000
| Bir Al Sharif 25696 |25 A7.T | 852 JET ui3 2630 | 30432 | =1600 = 1300
Dilbi TT96 |07 | 238 | 197 528 |&0 402 [315 [0 o
' Imran{No2) 11196 | 0.5 | 171 [241 | 598 | 56 |204 [11.4 | =1000 =100
Karnar T Bl e N 444 0.8 235 0.5 | = 1000 = (00
Mzjnuna 11.1.896 | 0.7 186 | 235 | 59+ 24 372 | 330 | =00 =000
Kurza 25005 | 7 | 181 | 262 637 0.7 263 B = 1O = | ()]
Bustan{Hawooz) | 29.1.86 | 1.3 325 |64 257 0.3 {216 |8 3 | 20
Fir'sh 26196 |72 | 305 | 723k | S 4.0 el | b1
| | |

Recently, we represent here the following data tables on the public springs of the
area, Some of the springs are localed in the target study Wadi. Tables 4.7, 4.8, 4.9,

cive some data about the ared's springs
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Table (4.7): Lydropiological Data about the area springs [7].

| ]
Tistiiatua Saturated | Depth to
Name Type Locality Farmulion e Thickness Waler
. (m*day) =
L | (m} Fabte (m)
Hebron-Bethlehem-derusalem
B -Ohart yieell Dug Well |Dura [Firrmations 15.0 1o 5.2
[1Tebron-Dethlzhem-Jerusalem
4 -Khalasi [Drug Well |Dura Formations 30.0 .0 10
Hebran-Belhlehem=Teruzalen
e man Ahu Ediarah Dug Well |Bura Formations TS %0 24
|[[abran-Bethletem-Taruslem [
=Shingl well _Dur Well |Dura Furmeitions | LED 3l 120
= Water conaloe i Lura Wads | |
 adi Abu=Adlgamrah e Abi-Algamrah  [Yama i3X2.0 | . 4
DrursWad
aal Spring  |Abu-Algamrgh  [Yatia b6.5] 0.0 LR
DurarWad) Hebron-Beblehom-Jerusalen
=W ad/Chdaid |Dug Well |Abu-Algamrak | Permations 27.0 L2 g2

A elear remark from table 4.7 is that the Wadi flow in the wet season was exceeding

1000 m*day which makes the Wad: water quantities as significant for use.

Table 4.8: Water Quality Data about the area springs [7].

Name Lecatinn H Be Tarbndey Do iardness 'I'L:i T55 In LIHY iR
B uSfem HTII [ mnf ml 'l S| “1?';‘ [ mg'l E il
Lram ™ e A= T8 I 137 all A4 i B2.33 7303 | 147 g3
AlpatrahyDura ) |
Clidsia Cluira™ i Ab- L inid 3338 231 T Td ail L1, L 3th
Alipmmimt e T
wall Bl X Fes 7T ) LT bt Gl 21 051 350 {300 ¥i] 5T
o cartal s - Trura Wi Al K4 LA .8 .78 14503 [ B 14 1] 120
.-.-'L]q.'l'lrlll il '|zu'r=-|"f!I-. ty | |
== [ M =HA HHI N ol w0 B0 A POd P 5 | 3
! o iyl gl g gl g mz/l ng/l naed | coliiommsr om)
(5] 5547 115 [N Flakrs 15841 FBed [
S keid T IRIE 13 03 | rm 3037 | 98I0 :
wi ] 134.55 T05R S [ Lesus 63137 117 B4 2z
T eaal al T Rem TRE 0, | 23us TETES | 93zE | 1 | a0
-Alnziarak .

66
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Lable (4.9): Watee Quality Data shout the ares springs |7].

F Name | Locagien I_pH EC_|Turbidky| 0O [Herdness] Tos [7ss| ve c00 | Nawk
p8em | NTU mgfl | magil mgl | mgil | mg mgfl mgll
Al-Charbi well |Dura 29282000 23] 41| 7564 1150004767 16287 100 2189
Aou Al-Knalasi |Durs T818340] 29 53 e608 91805880 15080 10.0 164.6
_Sf'_E'g“;;r‘:M“ [Durﬂ ?sf 5480 88l 6.6 562411040 27 11087 10.0 26.4
Name tocation | Mg | NHe [NHe N[ o | wos SO4 |pod| poq p | s TC
mgl | mai | g | T et | mgl Jmg| g | gy "”"m:wm
fgv_unarm well [Bura 62 04 oduord asad ses 200
"Abu Al-Khalasi [Dura 23 04 032078 372 74.4| 5
Sﬂggﬂ“h” rrﬂura ‘30.5‘ :11‘ I:l_l]]!I*Id.CIjJ 163.3 -aﬁ_alj J | 12

The table ahove indicates nitrate levels
PUTposes,

exceeding the WHO guideline fur drinking
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CHAPTER FIVE

Results

5.1 Introduction

This chapter presents our rosults, The results are availahle as tables. GIS maps or

exvel charts.

5.2 Springs Data

Table (5.1) shows the data resulted from our ficldwork survey. ln indicates thal the
Wadi has 61 spring/wells which are mostly of private ownership, Also most of the
available water in the area comes from dug wells rather thun exposed springs. This
micans that people draw the water mainly by pumping.
The table shows discharge variation from 1 1o 80 m’/d,

5.3 The GIS Mapping

Note: All the figures of GIS maps and ‘Tables placed at the end of this chapler,

Figure 3.1 shows a map for the catehments boundary which ranged from 132750 to
155300 on X-axis (Palestinian erid coordinates) and from 09300 o 101600 on Y-
axis courdinate with a total arca of about 2,67 Km®, In general the Wadi grea shape is

like an arc extending from southern arsa by a namow width then gaining s

maximum width 58 we move to north-southem aren while il continuss o the west

69
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with approximately allixed widh. The curvature angle is located in the north —

sitthern comer of the Wagli

Figure 5.2 shows the pasiton of springs and wells inside the catchments koundary
In fact most of them is located in the north — weslern part of the cutchments. The
map in this fipure ullows distinguishing the dug — well from the spring. In the whole
catchments 17 springs and 44 wells are existing. The mzjority of the SPrings arg
available at the center of the catchments. This miay be die o tWwpographic point of

view. This will make us move 0 see fhe contour map in figure 5.3 which shows thas
mostly low topographic levels are existng at the middle of the catchments with
clevations approaching the Teast values over the Wadi sections, The Springs are
mosthy abundant in the Wadi at elevations below 810 m. as Approximately the water

total depth in the Wadi tneets the ground level at these elevations [ <81 0m us] ).

The opographic map (figure 5.3) alse gives the Interpretation of the remark: why
mast of wells are located at the north — wueslern part of the calchments? This
topagraphy of the arca there is with elevations > 820 m. asl. This mav conclude that
2 the parts of the Wadi where the topographic level exeecds 840 1. usl no Springs or
dug wells miostly exist. The water table a these eround topogranhic levels s
becoming deeper (i.e. < 800-810 m. asl) and this means required excavation of ahaut

40 meters ¢r more.

OF cowrse geology of the areu. which is hevond our study, is un important factor tha
interferes with analyzing the topopraphic issuss with regard to the diseussion

introduced here.

The map of figure 5.8 indicates the water use patterns avuilable for the Wadi's spring
and wells. It clearly demonstrates that irigation is the dominant water use.

Although armking and other uses arc availahle. but they are only of miner existence.
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Figure 5.4 is showing the map of Ngure 3.3 placed over the acrial image. Figure 5.4

shows the Wadi gully (floor) which is the water canal in the wet weather conditions.

In fact the Wadi path swrounding area is the main irrigated arable land in the

catchments.

\Whils the catchment borders are the adjucent hilly areas. The maps in figures 5.5 and
5.6 show the digital elevation model for the arca without and with springs/wells,
respectively. Most of the catchment area is with clevations in the range of 800-850

with details given for each clevation interval.

The map in figure 5.7 is showing the digital elevation model for the catchment and

its neighboring areas.

The Wadi upstream is located to the north- western area of the Wadi. While the

Jown stream is al the south — eastern part.

The map of fizure 5.9 illustrates the discharge of the springs/wells expressed as 4

clusses (interval). Mostly the discharge of the springs and wells was within the range

of (1-5) and (5-10) m>/d. Few springs and wells were exceeding a discharge value of
15 m¥d. The total discharge of the Wadi's springs and dug wells 15 359 m'/d.
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5.4 Water Quality

OF the Wadi 61 wellsfsprings, we were able 1o sample 49 wellsisprines. The
remained 12 wells/springs were inaccessible for us due to closure of its gates and the
dosence of the owners. During laboratory unalysis focus was given o testing chionds
(CL), Nitrate (NO3'), pH, Dissolved Qxygen (DO). Llectricsl condoetivity (EC), and
salinity (SAL).

Dur sumpling work book place during march and may 2007 .the sampling was done
during non rainy week in order o avoid direct rain dilution and to give the rain water
4 sufficient time to ger percolated and homegencousty mixed with undereround
waler available before . Since the rainfall this vear was good and exceeds 4350mm,
the well/springs discharge was improved same 10% in comparisan with the values
which we measured in the Iast semester, During the winler time. the Wadi shows
=phemeral waler course flow with duration of about 2 weeks Gue te swell/springs
overflowing. This resulted from the elevation oceurred, during winter, is the

saturated water level,

5.5 General Overview

#ased ineur water quality results, we observed nitrate values of 21284120 (ma/l)
average — standard deviation). The nitrate value varies from 0.5 1 431.0 mg/] for the
wells/springs, This large range of nitrate value reflects the variations in the factors

siiecting the Wadi water quality which change alang and across the Wadi.

Sloride values for the wells/springs were 98 1254.2 mg/l and fall within the ranpe

410 248.7 my/l. it clear that nitrate is more offected by land use chenges rather than
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chioride. The elecirical conductivity and 1DS of the water of different wells/springs

were with values of 860.9 + 703.9 Ms/em. 770.2 = 325.1 mg/l, respectively,

The pH values of the water of the dilterent wells‘springs were at 7.9 + 0.5 while DO
the values wore mostly = 6.0 indicating of asrobic water tvpe. This is due
continuous aeration of the water stared in the water — bearing rock formation due 1o

fractures und channels in the rocks.
The full data sct is available in table 5.2 the reader can refer also to the water qualiny
standards table (table 5.3) for tomparison purposes using different guidelines from

diflerent countries or oreanizations.

I3hle 5.3: Guidelines lor drinking water [7].

Parnmete WHO EU The USEPA | Canada | Oman | I.'Di:lfr_‘
. - Metherbinds | limit® |
Nitrate mg/| 20 25-30 30 45 45 45 Sl _|
Chloride 250 25 150 250 250 200- 600
4.1 50

00 ma/l or % <75% | 2 mgfl 2 75%
H 6.5- | 6585 | 79.5 6.5- 65-92 92

9.5 .5 |
DS mg/l 1000 1300 | 1000 300 500 !500-  [1300
— | | | ! L300

.6 Spatial Zonation in the Wadi

romn spatial distribution point of view, the wells/springs in the Wadi fall in 4-spatial
mes (Figure 5.10 and table 5.2) acearding to ligure 5.10 the following zones are
stinguish: - Zone A: located at the Wadi upstream and containg 7 wells/springs.
s aren is close to built-up area and is with limited agricultural area separating il

o the built- up area at the Wadi start.
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- Zone B: comes directly alter zone A at lower wround level. This areq is more
allected by agricultural uctivities fespecially that it contains sreen houses) but less

atfected by residential arpas,

- Zonhe U comes in the third order a8 we come downward the Wadi.
Unlike zones A and B which are located along the Wadi center line, Zone C s 2 litlle
bit shifled close to the Wadi north embankment and is in contact with residantial are

thers,

- £ome D is at the farthest downsiream segment of the Wadi this ureg neighburbiood
colituins no housing land use pattern. Also they are mostly with very low agriculiaral
activitics. Mostly the water of this zonc wells/springs is the mostly available recha ree

= Waler type due 1o mostly unavailability of pollution souree,

3.7 Nitrate and Chloride along the Wadji

Since nitrate changes detecred for different wells/springs, wers high and varies from
1boul zero o more than 400 mg/l, we should analysss carefully the fuctors standing

szhind this huge variution,

This upproach of data interpretation starts with AnsWeTING a main question: what are
the different sources of nitrate in the Wadi? However, we can't answer this quastion

in separation of ehloride.

So that we can ealeulate that nitrate comes from 2 sources. One is tlie sewage from
underground seepage ol cesspits in residential areas. The other source is the

fertilization of the garicultueral land. While chloride main source is the ICwage

contamination

&
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Evapotation of the urigation water is another source thar toncenirates salts and
makes their built-tup in the soil Aller raimy again 10 undersround water.
Based un what we miroduced zhove. we will diseuss in the following the different

trends of different purameters of Wwarer guality.

3.7.1 Nitrate Trend

The wells/springs nitrate levels were classified as intervals With jumping value of So.
As we caleuluted in chapter 2, the nitrate admissible levels according to WHO is 50

mg/l.

Based on this | we abserved that 13 aut of 40 sampled springs | 27%) were with
permissible nitrute Jevels and are complying with drinking water gurdelines

it

different classes of nitrate dre shown on figure 5,11,

Comparing fipurs 5.70 with figare 511 (the spatial one), we gan pant gut the

lollawing based on figurs 310 zones:

- Wells/springs Iollowing 2enes A, B. und L. are mostly polluted (NO3=50 mg/)
Zones A, B are polluted from sewage and from agricultural (fertilizers) source but
the agricultural pollution is the most influencing facior Howewver, stil] scwage

contamination is slightly availuble Liere,

- Zome C ' is mostly affeciad by Sewage contamination because it g stiked to
residential arca which s answerad,

- Zone D springs are rostly unpelluted dus 1o tlean surroundinu condition and
[ o n =

“istence at the Wadi fiirthest Point that 15 considered as a clean recharge arca.
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Chart 5,1 shows that ag we move lowards the Wadi downstream nitrate concentration
goes duwen in gencral,

Indicates data correlation between distance of spring location at the Wadi path and

nitrate value,

Chart 5.1

Nitrate Versus Distance

y= -0?m7+ 4022 |
R'= 105275

5.7.2 Chloride Trend

Based in figure 510, spatial classification and combining this with classification of

chloride shown in figure 5.12 we ean point out the following:

- Wells/springs of zone € which is close to residential are with the highest CL value -
Wells/springs of zone A. B are showing medinm chloride levels beeause they ure at

less distance from residentiul iareas,
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- Zone 1), shows springs with least chloride levels as these are faraway from built up

arcas,

Chart 5.2 shows the variation in CT. as we move downsiream, however the data is
with low R value due to the fact that chloride comes mainly from sewage and is
unlike NO3 which comes also from agricultural fertilizers.

Chart 5.2
Chloride Versus Distance
| 2300 —_—
e
200.0 " ——— = —
: y = -0.0183x + 121,12
e R*= 00502
= 1500 ; : |
| o 3
U oo e = O T
. T ——
4 it T
0.0 [
ol |
| i3 EM 1000 1500 2009 2E00
, Digtance (m)

5.7.3 Acceptability of the Water for Drinking

Figure 5.13 shows the wells/springs with acceptable water quality.

In fact. with regard to chloride, all springs are with Cl level below 250mg/l (WHO
guideline). 8o that niteate level is the main limiting factor in Figure 6 classification.
As it was for NO3, figure 6 shows that about (27%) of the wells/springs are with
good gualily.




5.8 Statistical Correlation

g 8.1 Parameter-distance correlation:

Chart 5.3 shows the trend of CL NO3 with distance (starting from upstream to down
stream). It's clear that Nitrale is more correlated lo distance (R’ = 0.63) rather than

Chloride correlation to distance (R? = 0.05),

Chart 5.3

{CLANO3 Ver=sus Distance

E‘ : geiy ¥ DRk A02 3
E = Af = 0A%TE
1 Lis! )
F A
o
o oA y = <ol iae « 43441
s g & - i
= L ™}
in = n
- =iy - e
L] i a
5 L]
- -
o _——— — —_ L
I oy U 1500 bl 1] AL
. s i 1) E
5

Charl 5.4 shows pll correlation o distance, Here R* value was 0.6 and mostly pH
increases as we go downward the Wadi. This could be due 1@ thal the water ol the
upstream wells/springs are mostly withdrawn continucusly for irrigation, while that
at down stream is with less use. This higher residence or less movement of the waler
allow its exposure for longer time to sun light which allows algae to grow and

assimilate CO2 and raise pH.




CHAPTER 5

pH Versus Distance

—

. x : _-.‘-'H"

5 . :
f-‘f y =D0.0007x + 7.0829
I el R® = 0.6127

Chart 5.5 shows correlation of TDS with distance and it indicates TDS decrease as

we move downstream.

Chart 5.5

TDS Versus Distance

1000.0 \ : y =-0,3016x + 1235.8
, ol " RY=0.5718
i




CHAPTER § Results

5.8.2 Currelation among water guality parameters:

_TDS versus Cl: the correlation is weak (R =0.34) (see figurc 10).

- “IDS versus NO3: the correlation is significant (R® = 0.9). This implies that NO3 is
the most important parameter affecting total dissolved solids (TDS) value and this is
up normal, Recause in natural water Chloride has more effect on TDS. but duc 1o
pollution taking place here, NO3 has more influence on TDS (chart 5.6a, 5.6h).

Chart 3.6 a

TDS Versus Cl |

1400.0 — —

y =3.5121x + 425.48
|R* = 0.3425 |

0.0 60O 1000 150.0 0.0 2500
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Chart 5.6 b

TDS Versus NO3

y = 23514x + 272.37
R=(A76

Bl ] R
0.0 50,0 10:0.0 150L0 ] 2200 E00.0 350.0 400.4 450.0

NC3{mgll)

'] versus NO3: the correlation is weak (chart 5.7) because Cl comes from different

sources of pollution in comparison with NO3

Chan 5.7

Cl Versus NO3
30:0.0
260.0 1 _
| ¥ =023 + 47.208|
200.0 ¢ R'=0.3013 B o
150.0 e _.”’_'_._.—--_,__,.1—
1080 | _-_F__'___,_,._-o—-"'-"__-_-:-.—'--'_'_:f—_—_ - ™, :
| ’__.______,—-—-"'—-_'_F- - g = 4 "
B 0 < ’
oo — = o =il T — — —_— — —=
a0 B0.0 100.0 160.0 200.0 250.0 1000 15440 400.0 4500

HO3(mg)

AL
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5.9 Springs / Wells Clusters

This section aims at presenting the water quality data of different parametsrs in away
that splits springsiwells into clusiers which get benefit from the spatial zonation
introduced in figure 5.10,

Tiere table 5.4 shows the datu of waler guality as three major clusters inside 2ach
cluster. the factors affecting (he water quality are maostly identical among the springs/
wells available while each chusters data varies significantly.

Clusters in table 5.4 arc as follows:

- Clusters I+ containing springs / wells of zome D (in figure 1) which is mostly neo

polloted and are located in clear recharge area.

. Clusters 1 contains these springs / wells of zone C which are mostly affected by

pollution from sewage.

- Clusters IIT: represents zones A+B which are affected by pallution mainly from

agriculture while sewage is also available as secondary pollunian source.
The tables (5.4) and chart (3.8) indicate the fullowing:

- Springs of recharge waler Type arc mostly available in eluster [ and ure with water
showing NO3 value of 50,1 my/l as average (valuz close 10 WHO guideline) und are
with lowest salinity. These are with best water quality (Jow NO3. low ClyAlzo low
gap exists here between NO3 and C1 values ( chart3.8).

This is an unirrigated area wilh unresidential neighborhood. chioride 15 the lowest

here (56.1 me/l) as will as nitate.




CHAPTER 5 Results

- Clusters 1l springs / wells are with ¢levated NO3 and Cl values with higher gap (in
comparison with cluster I) existing between NO3 and C1 values.

This emphasize commaon source of both NO3 and C1 and is mainly sewage (chart
5.8). Nitrate is at medium value here (233.1 mg/l) while chloride is the highest.

- Clusters I shows springs / wells mostly with highest pollution the gap between Cl
and NO3 is the highest indicating pollution from more than are source and no
dominant source could be identificd precisely. The mirate average value here is
(306.4 mgD) and is the highest in comparison with other clusters, While chloride here
iy not high which indicare more pollution comin g trom agricultural fertilization.

Charl 5.8

Spring Clusters N
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CHAPTER SIX

Conclusions and

Recommendations



CHAPTER & Cunclusions A Rcmmmenduﬁmu
= ————— il Recommendationy

CHAPTER SIX

Conelusions and Remmmendations
6.1 Conclusions:

l. The GIS Mapping revealed that the Wadi containg 6l springsiwelis

Concentruted mainly at irg Upstream and the middle.
2. The deminant water use 1s for frrigation purposes

5. I this study, nitrate apd chloride were used as indicators of pollution, cxcess
nitrate levels tmerges from wastewater or fertilizers (organie or chemical)

while chioride comes mainly from wastewater

+ I'rom spatial distri bution point of viey the wells/springs in the Wadi fall in

4-spatial zones:

- Zone A: located ar the Wadi upstream, this agea is close to built-up areq and

I8 with agricultural arey Scparating it from the built- uprarea at the Wadi start.

- Zone B: comes directly after zone A at lower ground Jovel This arcu is
more affected by apricultural activities (especially that it contains green

houses) but less affected by residential areas.

- Zone C: comes in the third order as we come downward the Wadi.
Unlike zones A and B which are located along the Wadi center line, Zone (°
is a little bit shified close to the Wadi north embankment and i$ In confact

with residential are there
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- Zone I is at the farthest downstream sepment of the Wadi this ares
neighborhood contains no housing lund use pattern, Aleo they are mostly with
very low agricultural activities. Nitrate chunges, detected for different

wells/springs, were high and varies from about ZBIC 10 more than 400 e/l

7. Based en the above spatial distribution, the tollowine watar qualtiy clusters

were identific:

-~ Elhstory I conlatning springs [ wells of spatial zone D which are
mustly non polluted and arc located iy clear rechurge areq.

- Clusters [1: contains these springs / wells of spatial zone C which are
wostly affected by pollution from sewuye,

- Clusters 1Tl represents spatial zomes A+B which arc atfected hy
pollution mainly [rom agriculture while sewage is also availuble as

secondary pollution source.

Approximately, 27% of the springsiwells were with permissible nitrate tevels

&

U= 2l mgd) and are complying with drinking water guidelines, These SPrings

are good for drinking purposes.

7. No salinity problems of the water were distinguished; therefore the water

could be used for irtigation without any restrictions.

=]

Nen-polluted s orings/wells are mostly available at the Wadi downstream and
o "

are of recharge water type due 1o clean rechirge area conditions,

9. Nitrale coming from fertilizers are mostly affecting the water quality rather

than sewage.,
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6.2 Recommendations:

i

The Wadi should be protected from pollution sources and we suscest the

following steps for that:

Applying fertihzers should be according to the plant nutrient regquirenents
and not exceeding that because any excess amounts will be |esched to
proundwater.

Sewers and treatment plant should be installed and construeted to protect the
Wadi from wastewater pallutions,

Springs with good water quality (27% of the springs) should be used for
arnking after chlorination,

For the next fve years, we supgest the formation of 500 m dizmeter
protection zone arvund the Wadi as urgent solution for pollution problems ol

the watar,

Better waler management plans should be set for the Wadi water in order ta
reach @ better benelit from the water. This could be done by selecting betler
crop or vegetable types, applyving better methods of irrigation and Improving

marketing of the Wadi agriculural production,

As a precaution, all of the spring’s water should receive chlorination belore

being dinking.

e
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